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Preface

Preface

We are pleased to present the second edition of the Difco ¢ BBL Manual. The first edition, published in 2003, replaced the
Difco Manual, 11th ed. (1998) and the Manual of BBL Products and Laboratory Procedures, 6th ed. (1988), manuals which
were first published in 1927 and 1948, respectively. The Difco ¢ BBL Manual is devoted exclusively to culture media and
associated reagents offered by BD as Difco™ and BBL™ brands of dehydrated culture media and BBL™ brand prepared plated,
tubed and bottled media. In this manual, over 170 years of combined media experience is brought together in an educational
and reference text.

For the second edition of the Difco & BBL Manual, we have added new products, removed discontinued products and incorpo-
rated general updates throughout. Of special note, the descriptions for media affected by the harmonization of the pharmacopeias
(United States, European and Japanese) have been updated accordingly.

The reader is advised that these products are for use by or under the supervision of microbiologists and other professionals
qualified by training and experience to handle pathogenic microorganisms and samples and specimens containing or suspected to
contain them. Also, it is expected that the user will be thoroughly familiar with the intended uses of the formulations presented
and will follow test procedures outlined in the applicable official compendia and standard texts or the procedure manual of the
using laboratory.

In addition to providing this manual as an educational resource, BD Diagnostics offers an array of educational materials and
services:

* BD Bionutrients™ Technical Manual — a manual dedicated to products used in cell culture and microbial fermentation
production.

* BD LabO" - a newsletter providing the latest microbiology news and ideas to the clinical laboratory.

e Technical and Product Support - a dedicated group of specialists available to answer questions about any of our products
or procedures.

¢ Qur web site, www.bd.com/ds

Grateful acknowledgement is made of the encouragement and support received from microbiologists throughout the world. Our
appreciation is extended, also, to those who have contributed their talents and time to the creation of this manual and its
predecessors. It is our desire to continue to extend our services to the advancement of microbiology and related sciences.

Becton, Dickinson and Company
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About This Manual

About This Manual

™

The Difco™ & BBL™ Manual presents in one volume descriptions of the media currently offered by BD as Difco™ and BBL
brands of dehydrated culture media and BBL™ brand prepared plated, tubed and bottled media. Since products and labeling are
being reviewed continuously, the information provided in this manual is superceded by current product listings and labeling,
when differing from descriptions in this manual (e.g., product labels, package inserts, certificates of analysis, etc.). For product
availability, consult our product catalog (online) or contact your local distributor or BD representative.

This manual is organized into four major sections:

1. Monographs pertaining to the development, quality control and utilization of microbial culture media.
2. General technical information on dehydrated and prepared culture media.

3. Product descriptions for culture media and ingredients.
4

. Reference section containing tables summarizing industrial and clinical applications and descriptions of related media and
media component analyses.

Product descriptions for dehydrated culture media contain the following sections:

Intended Use

Summary and Explanation

Principles of the Procedure

Formula(e)

Precautions (as applicable)

Directions for Preparation from Dehydrated Product
User Quality Control

Procedure

Expected Results

Limitations of the Procedure (as applicable)
References

Availability

As highlighted in the Preface, the descriptions for media referenced in Chapters <61> and <62> of the recently harmonized United
States Pharmacopeia have been updated. Specifically, the section on “User Quality Control” contains the information required
to verify that these media were tested according to the United States Pharmacopeia, European Pharmacopoeia and Japanese
Pharmacopoeia - for both dehydrated culture media and prepared culture media products. In other words, the media listed
under “Availability” and identified with a staff mark (1), have been tested and meet USP, EP and JP performance specifications
where applicable. Also note that for these media, the “Formula” provided is the same for both dehydrated and prepared media
products.

For media offered only as prepared plated, tubed or bottled media, the descriptions are abbreviated; complete descriptions,
including the sections for “Formula” and “User Quality Control,” are provided in accompanying package inserts or the
BBL"™ Quality Control and Product Information Manual for Plated and Tubed Media. This manual is available online at
http://www.bd.com/ds/technical Center/inserts/qcpiManual.asp or upon request from BD Technical Services (hard copy).

American Type Culture Collection strains (ATCC™), or commercially available derivatives of these strains, are specified for
performing quality control procedures on laboratory-prepared (and commercially-prepared) media. When listed in the “User
Quality Control” section, organism names generally conform to ATCC labeling. In text, abbreviated names may be used; e.g.,
serotypes of Salmonella enterica.




About This Manual, cont.

This manual includes international catalog numbers and standard methods icons. Under “Availability,” catalog numbers are provided
for prepared plated media manufactured in Europe, Japan and Mexico that are comparable to the formulations manufactured
in the United States. In addition, icons denoting media listed in “official” and “standard methods” publications are provided.
These icons represent:

AOAC Official Methods of Analysis of AOAC International

BAM  Bacteriological Analytical Manual (FDA)?

CCAM The Compendium of Analytical Methods (Canada)?

COMPF Compendium of Methods for the Microbiological Examination of Foods (APHA)*

EP European Pharmacopoeia’

EPA  Manual for the Certification of Laboratories Analyzing Drinking Water (EPA)°
ISO International Standards Organization’

JP Japanese Pharmacopoeia®

SMD  Standard Methods for the Examination of Dairy Products (APHA)’
SMWW Standard Methods for the Examination of Water and Wastewater (APHA)'*
USDA  USDA/ESIS Microbiology Laboratory Guidebook!

UsP The United States Pharmacopeia'?

For many prepared media, icons are provided denoting the listing of these media in selected publications describing microbio-
logical procedures:

BS12  Bailey & Scott’s Diagnostic Microbiology, 12 ed.'
CMPH2 Clinical Microbiology Procedures Handbook (ASM)*
MCM9 Manual of Clinical Microbiology, 9% ed. (ASM)*S
CLSI  Clinical and Laboratory Standards Institute!¢!®

Because procedures specified in these publications may differ from one another and from those included in this manual, these
publications should be consulted when adherence to specific procedures is preferred or required.

As new information becomes available between printings of this manual, individual product descriptions will be updated and
available on our web site at www.bd.com/ds/DifcoBBLManual.

Technical inquiries about BD products should be directed to BD Diagnostics Technical Services in the United States at 800-638-
8663 or consult www.bd.com/support/contact/international.asp for your local BD Diagnostics office.

1. Horwitz (ed.). 2007. Official methods of analysis of AOAC International, 18th ed., online. AOAC International, Gaithersburg, Md. <http://www.eoma.aoac.org/>

2. US. Food and Drug Administration. 2001. Bacteriological analytical manual, online. AOAC International, Gaithersburg, Md. <http://www.cfsan.fda.gov/~ebam/bam-toc.html>

3. Health Canada. The compendium of analytical methods, online. Food Directorate, Health Products and Food Branch, Health Canada, Ottawa, Ontario, Canada. <http://www.hc-sc.gc.ca/fn-an/res-rech/analy-

meth/microbio/index-eng.php>
4. Downes and Ito (ed.). 2001. Compendium of methods for the microbiological examination of foods, 4th ed. American Public Health Association, Washington, D.C.
5. European Directorate for the Quality of Medicines and Healthcare. 2008. The European pharmacopoeia, 6th ed., Supp. 1, 4-1-2008, online. European Directorate for the Quality of Medicines and Healthcare,
Council of Europe, 226 Avenue de Colmar BP907-, F-67029 Strasbourg Cedex 1, France. <http:/online6.edqm.eu/ep600>
6. U.S. Environmental Protection Agency. 2005. Manual for the certification of laboratories analyzing drinking water: criteria and procedures quality assurance, Sth ed. Office of Ground Water and Drinking Water,
Technical Support Division, USEPA, Cincinnati, Ohio.

. International Organization for Standardization. 2008. International Organization for Standardization, Geneva, Switzerland. <http://www.iso.org/iso/home.htm>

. Japanese Ministry of Health, Labour and Welfare. 2006. The Japanese pharmacopoeia, 15th ed., online. Japanese Ministry of Health, Labour and Welfare. <http://jpdb.nihs.go.jp/jp15e/JP15.pdf>
Wehr and Frank (ed.). 2004. Standard methods for the examination of dairy products, 17th ed. American Public Health Association, Washington, D.C.

. Eaton, Rice and Baird (ed.). 2005. Standard methods for the examination of water and wasterwater, 21st ed., online. American Public Health Association, Washington, D.C. <http://www.standardmethods.
org/Store/index.cfm>

. U.S. Department of Agriculture. Microbiology laboratory guidebook, online. Food Safety and Inspection Service, USDA, Washington, D.C. <http://www.fsis.usda.gov/Science/Microbiological_Lab_Guide-
book/>

. United States Pharmacopeial Convention, Inc. 2008. The United States pharmacopeia 31/The national formulary 26, Supp. 1, 8-1-08, online. United State Pharmacopeial Convention, Inc., Rockville, Md. <www.
uspnf.com/uspnf/login>

13. Forbes, Sahm and Weissfeld. 2007. Bailey & Scott’s diagnostic microbiology, 12th ed. Mosby, Inc., St. Louis, Mo.

14. Isenberg and Garcia (ed.). 2004 (update, 2007). Clinical microbiology procedures handbook, 2nd ed. American Society for Microbiology, Washington, D.C.

15. Murray, Baron, Jorgensen, Landry and Pfaller (ed.). 2007. Manual of clinical microbiology, 9th ed. American Society for Microbiology, Washington, D.C.

16. Clinical and Laboratory Standards Institute. 2006. Approved standard: M2-A9. Performance standards for antimicrobial disk susceptibility tests, 9th ed. CLSI, Wayne, Pa.

17. Clinical and Laboratory Standards Institute. 2006. Approved standard: M7-A7. Methods for dilution antimicrobial susceptibility tests for bacteria that grow aerobically, 7th ed. CLSI, Wayne, Pa.

18. Clinical and Laboratory Standards Institute. 2007. Approved standard: M11-A7. Methods for antimicrobial susceptibility testing of anaerobic bacteria, 7th ed. CLSI, Wayne, Pa.
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History BD Diagnostic Systems

History
BD Diagnostics — A Tradition of Excellence

Difco Laboratories, originally known as Ray Chemical, was founded in 1895. The company
produced high quality enzymes, dehydrated tissues and glandular products. Ray Chemical
acquired the Digestive Ferments Company, a company that specialized in producing digestive
enzymes for use as bacterial culture media ingredients. This merger lead to the preparation of
a line of peptones, beginning with Bacto™ Peptone, and dehydrated culture media. In 1913,
the company moved to Detroit, Michigan, and dropped the Ray Chemical name.

In 1934, the Digestive Ferments Company chose the acronym “Difco” to rename the company.
The focus of Difco Laboratories was to develop new and improved bacteriological culture
media, many of which were adopted as “standard” formulations in water, dairy, food, pharma-
ceutical and other industrial microbiology laboratories. Difco Laboratories grew through the
acquisition, in 1974, of Lee Laboratories, one of the largest manufacturers of bacteriological
antisera. The Paul A. Smith Company, later known as Pasco, which manufactured a semi-
automated instrument used for bacterial identification and susceptibility testing, was acquired

Original Difco Laboratories .
Manufacturing facility. in 1983.

BD’s original microbiology products division, acquired in 1955, was founded in 1935 as a partnership between Theodore J.
Carski and Dr. Einar Leifson, employees of the Johns Hopkins Hospital in Baltimore, Maryland. Named the Baltimore Biologi-
cal Laboratory, the laboratory undertook a study of the preparation of peptones, and it began production of three new culture
media: Selenite-F Enrichment, Desoxycholate Agar and Desoxycholate-Citrate Agar. The acronym “BBL” was often used and
became the brand name for products offered by the company.

The Baltimore Biological Laboratory received increased impetus from the inventions and encouragement of Dr. John Brewer.
Brewer’s early pipetting machines were produced by the company, and the Brewer anaerobic jar, the forerunner of the GasPak™
jar, made the performance of routine anaerobic bacteriology practical and safe.

New discoveries rapidly followed. Incorporation of the reducing chemical sodium thioglycollate resulted in the introduction of
thioglycollate media for the cultivation of anaerobes. Other new formulations were added resulting in the development of a full
line of culture media. Many of these media utilize peptones of known derivation, such as Trypticase™ Peptone, a pancreatic
digest of casein, and Phytone™ Peptone, a papaic digest of soybean meal, ingredients which are employed in Trypticase Soy Agar,
Trypticase Soy Broth and many other media.

In 1952, the formulation of the U.S. version of Lowenstein-Jensen Medium was introduced, launching the prepared tubed
media line. In 1960, the line of prepared culture media was completed by introducing commercially-prepared plated media.

Over the years, BD’s microbiology division grew through a series of mergers and acquisitions. In 1972 and 1979, BD purchased
two more Baltimore-based microbiology companies — Hynson Wescott and Dunning (HW&D) and Johnston Laboratories, Inc.,
respectively. HW&D brought with it the Macro-Vue™ RPR, RUBAscan™ and CMVscan™ card test kits and the Directigen™
line of immunomicrobiology systems for the direct non-growth-dependent detection of antigens in patient specimens. Johnston
Laboratories was the developer and manufacturer of the BACTEC™ line of automated blood culturing and detection systems.
The BACTEC System, launched in 1968, was the first automated bacterial detection system to appear on the market. In 2009,
BACTEC celebrated its 40th anniversary with the launch of its tenth generation — the BD BACTEC FX Blood Culture System.

The media lines were strengthened by the acquisition in 1987 of GIBCO Laboratories of Madison, Wisconsin. Many specialty
media formulations were added to the existing BBL™ brand prepared plated and tubed media product lines.

In 1989, when Marion Laboratories decided to divest its Marion Scientific division’s microbiology product lines, it selected BD’s
microbiology division as the new provider of products such as the Bio-Bag™ Environmental systems and Culturette™ Toxin CD
test kit for rapid Clostridium difficile testing.




History BD Diagnostic Systems, cont.

In 1992, the division acquired the worldwide microbiology business of Roche Diagnostic Systems, adding the SEPTI-CHEK™
blood culture bottles and Enterotube™ and Oxi/Ferm™ identification products.

In June 1997, BD announced the acquisition of Difco Laboratories, Inc. The merger of this subsidiary with BD’s Microbiology Systems
division brought together the leading providers of microbiology products to industrial and clinical microbiology laboratories
worldwide, with a combined total of over 170 years of culture media experience. Both businesses comprise BD Diagnostics —
Diagnostic Systems, which is headquartered in Sparks, Maryland, near the city of Baltimore.

The dawning of the twenty-first century heralded the arrival of several new products. In 2000, the BD ProbeTec™ ET Amplified
DNA Assays for Chlamydia trachomatis and Neisseria gonorrhoeae were launched. Utilizing proprietary homogeneous strand
displacement amplification (SDA) technology, these assays were the first real-time DNA amplification tests on the market. This
accomplishment was followed by the launch of the BD Phoenix™ Automated Microbiology System in 2004 — a fully automated
system for the rapid identification and antimicrobial susceptibility testing of bacteria. Not to be outdone, between 2000 and 2006
the prepared media product line introduced seven new chromogenic media formulations - BBL™ CHROMagar™ prepared plated
media for Candida, Salmonella, Staphylococcus aureus, Listeria, E. coli 0157 and MRSA as well as CHROMagar Orientation
for detection of urinary tract pathogens.

Eager to expand its commitment to the prevention of healthcare-associated infections (HAIs), in 2006 BD acquired GeneOhm
Sciences, Inc., a pioneer in the development of molecular diagnostics for methicillin-resistant Staphylococcus aureus (MRSA)
and Clostridium difficile (Cdiff). The BD GeneOhm™ MRSA and BD GeneOhm Cdiff assays produce results in hours not days,
allowing these infections to be controlled before outbreaks occur.

Finally, 2009 will mark the opening of a new, dedicated AF*™ (Animal-Free/Antibiotic-Free) Facility for the cGMP production of
cell culture media and supplements. This new plant will manufacture products that are controlled for animal-origin component
raw materials to the tertiary level, the most stringent level of control available. The AF? Facility will provide a new standard for
safety and quality for cell culture media that significantly reduces current risks associated with mixed-use plants.

BD Diagnostics offers a total spectrum of microbiology laboratory products from dehydrated culture media to fully automated
instrumentation for the rapid identification of clinically relevant bacteria. BD Diagnostics continues to focus on the missions and
needs of both industrial and clinical microbiology laboratories.

The businesses that now constitute BD Diagnostics were founded by entrepreneurs whose ideas, diligence and foresight have
contributed to the creation of BD as one of the world’s leaders in the health care field. Through its products and services, BD is
committed to “helping all people live healthy lives.”



Section |

Monographs




Section |
History of Microbiology




History of Microbiology

History of Microbiology and Culture Media

The science of microbiology evolved from a series of significant
discoveries. The Dutch microscopist, Anton van Leeuwenhoek,
was the first to observe bacteria while examining different
water sources. This observation was published in 1676 by the
Royal Society in London. Anton van Leeuwenhoek was also the
first to describe the parasite known today as Giardia lamblia.
In 1667, the discovery of filamentous fungi was described by
Robert Hooke.

After microorganisms were visually observed, their growth or
reproduction created a major controversy. The conflict was
over the spontaneous generation theory, the idea that microor-
ganisms will grow spontaneously. This controversy continued
for years until Louis Pasteur’s renowned research. Pasteur
realized that the theory of spontaneous generation must
be refuted for the science of microbiology to advance.
The controversy remained even after Pasteur’s successful
experiment using heat-sterilized infusions.

Two important developments were required for the science
of microbiology to evolve. The first was a sophisticated
microscope; the second was a method for culturing
microorganisms. Compound microscopes were developed in
Germany at the end of the sixteenth century but it was not
until the early nineteenth century that achromatic lenses
were developed, allowing the light in the microscope to be
focused.

In 1719, Leeuwenhoek was the first to attempt differentiation
of bacteria by using naturally colored agents such as beet
juice. In 1877, Robert Koch used methylene blue to stain
bacteria. By 1882, Robert Koch succeeded in staining the
tubercle bacillus with methylene blue. This landmark discovery
was performed by using heat to penetrate the stain into the
organism. Two years later Hans Christian Gram, a Danish
pathologist, developed the Gram stain. The Gram stain is
still widely used in the differentiation of gram-positive and
gram-negative bacteria.

In 1860, Pasteur was the first to use a culture medium for
growing bacteria in the laboratory. This medium consisted of
yeast ash, sugar and ammonium salts. In 1881, W. Hesse used
his wife’s agar (considered an exotic food) as a solidifying
agent for bacterial growth.

The study of fungi and parasites lagged behind other microor-
ganisms. In 1839, ringworm was the first human disease found
to be caused by fungi, followed closely by the recognition
of Candida albicans as the cause of thrush. It was not until
1910 that Sabouraud introduced a medium that would support
the growth of pathogenic fungi. The interest of scientists in
studying fungi was often related to crop protection. There
continues to be a close connection between mycology and
botany today.

Early years at Difco Laboratories.

During the period 1857-1878, both Louis Pasteur and
Joseph Lister published significant papers on their extensive
studies on fermentation.

By 1887, a simple device called the Petri dish revolutionized
microbiology. With the invention of the Petri dish, the focus
turned to culture media formulations. With all the research
being performed, scientists began to replace gelatin with
agar because it was resistant to microbial digestion and
liquefaction.

The study of immunity began after the discovery of the
tubercle bacillus by Robert Koch. With this acclaimed
discovery, the involvement of bacteria as agents of disease
became evident. The first rational attempts to produce
artificial active immunity were by Pasteur in 1880 during
his work with cholera.

Antibiotics had a dramatic beginning with the famous
discovery of penicillin by Alexander Fleming in 1928. Flem-
ing observed that a mold had contaminated a culture of
staphylococci and produced a substance inhibiting growth
of the bacteria. It was not until the late 1930s that scientists
could purify penicillin and demonstrate its antibacterial effects.
Commercial production of penicillin began as a combined
wartime project between the United States and England. This
project was the beginning of the fermentation industry and
biotechnology.

Around 1930, certain growth factors, including factors X
and V, were shown to be important in bacterial nutrition. In
the early 1950s, most of the vitamins were also characterized
as co-enzymes. This detailed information lead scientists to
develop an understanding of biochemical pathways.
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History of Microbiology, cont.

A “booming” development of microbiology began after
World War II. Molecular biology, biotechnology and the
study of genetics were fields of extraordinary growth. By
1941, the study of microbiology and genetics came together
when Neurospora crassa, a red bread mold, was used to
study microbial physiology. The study of bacterial genetics
moved dramatically forward during the 1940s following the
discovery of antibiotic resistance. The birth of molecular biology
began in 1953 after the publication by Watson and Crick of
the structure of DNA.

In 1953, viruses were defined by Luria as “submicroscopic
entities, capable of being introduced into specific living
cells and of reproducing inside such cells only.” The work
of John Enders on culturing viruses lead to the development
of vaccines. Enders demonstrated that a virus could be
grown in chick embryos and would lose its ability to cause
disease after successive generations. Using this technique, Salk
developed the polio vaccine.

One organism that has made a great contribution to
molecular biology is Escherichia coli. In 1973, Herbert
Boyer and Stanley Cohen produced recombinant DNA
through plasmid transformation. The researchers found that
the foreign gene not only survived, but copied the genetic

material. This study and other similar studies started a
biotechnology revolution that has gained momentum over
the years.

In the 1980s, instrumentation entered the microbiology
laboratory. Manual procedures could be replaced by fully
automated instruments for bacterial identification, suscep-
tibility testing and blood culture procedures. Immunoassays
and probe technologies broadened the capabilities of the
microbiologist.

Significant advances continued in the 1990s. The use of
chromogenic substrates in culture media was shown to
enhance microbial identification capabilities directly from the
culture medium. In 1993, J. Craig Venter, Claire Fraser and
Hamilton Smith published the DNA sequence of the first
free-living organism, Haemophilus influenzae.

With rapid advances in technologies and instrumentation,
the basic culture media and ingredients listed in this Manual
remain some of the most reliable and cost effective tools
in microbiology today.
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Microorganism Growth Requirements

Cultivation of microorganisms depends on a number of im-
portant factors:

e Proper nutrients must be available.

¢ Oxygen or other gases must be available, as required.

e Moisture is necessary.

¢ The medium must have an appropriate pH.

e Proper temperature relations must prevail.

¢ The medium must be free of interfering bioburden.

¢ Contamination must be prevented.
A satisfactory microbiological culture medium must contain
available sources of:

e Carbon

¢ Nitrogen

e Inorganic phosphate and sulfur

o Trace metals

o Water

e Vitamins
These were originally supplied in the form of meat infusion.
Beef or yeast extracts frequently replace meat infusion in
culture media. The addition of peptones, which are digests of

proteins, provides readily available sources of nitrogen and
carbon.

The pH of the culture medium is important for microorganism
growth. Temperature is another important parameter:
mesophilic bacteriaand fungihave optimal growth at temperatures
of 25-40°C; thermophilic (“heat loving”) organisms grow
only at temperatures greater than 45°C; psychrophilic (“cold
loving”) organisms require temperatures below 20°C. Human
pathogenic organisms are generally mesophiles.

Common Media Constituents
Media formulations are developed on the ability of bacteria
to use media components.

CONSTITUENTS
Amino-Nitrogen

SOURCE

Peptone, protein hydrolysate,
infusions and extracts
Blood, serum, yeast extract
or vitamins, NAD

Sugar, alcohols and
carbohydrates

Phosphates, acetates

and citrates

Phosphate, sulfate,
magnesium, calcium, iron
Chemicals, antimicrobials
and dyes

Phenol red, neutral red
Agar, gelatin, alginate,
silica gel

Growth Factors

Energy Sources

Buffer Salts

Mineral Salts and Metals
Selective Agents

Indicator Dyes
Gelling agents



Media Ingredients

Purified water is recommended for use in the preparation of
culture media. As defined by the United States Pharmacopeia,
Purified Water is water obtained by a suitable process. It is
prepared from water complying with the U.S. Environmental
Protection Agency National Primary Drinking Water Regula-
tions or comparable regulations of the European Union or
Japan. It contains no added substance.!

Peptone, protein hydrolysates, infusions and extracts are the
major sources of nitrogen and vitamins in culture media. Peptones
are water-soluble ingredients derived from proteins by hydrolysis
or digestion of the source material; e.g., meat, milk.

Carbohydrates are employed in culture media as energy sources
and may be used for differentiating genera and identifying
species.

Buffers maintain the pH of culture media.

Selective Agents include bile salts, dyes and antimicrobial
agents. Bile salts and desoxycholate are selective for the
isolation of gram-negative microorganisms, inhibiting gram-
positive coccl.

Dyes and indicators are essential in the preparation of
differential and selective culture media. In these formulations,
dyes act as bacteriostatic agents or indicators of changes in
acidity or alkalinity of the substrate.

Antimicrobial agents are used in media to inhibit the growth
of bacteria, yeasts and fungi.

Solidifying agents, including agar, gelatin and albumin, can be
added to a liquid medium in order to change the consistency
to a solid or semisolid state.

Chromogens and fluorogens are substrates incorporated
into culture media to allow organism differentiation and
identification. When these substrates are degraded by
specific enzymes, they release differently colored or fluorescent
compounds. An example of the latter is 4-methylumbelliferyl-
B-D-glucuronide or MUG.

Environmental Factors in Culture Media
Atmosphere

Most bacteria are capable of growth under ordinary conditions
of oxygen tension. Obligate aerobes require the free admission
of oxygen, while anaerobes grow only in the absence of
atmospheric oxygen. Between these two groups are the

Functional Types of Media

microaerophiles, which develop best under partial anaerobic
conditions, and the facultative anaerobes, which are capable
of growing in the presence or absence of oxygen. Anaerobic
conditions for growth of microorganisms are obtained in a
number of ways:

e Addition of small amounts of agar to liquid media
e Addition of fresh tissue to the medium

¢ Addition of a reducing substance to the medium; e.g.,
sodium thioglycollate, thioglycollic acid and L-cystine

¢ Displacement of the air by hydrogen or nitrogen
e Absorption of the oxygen by chemicals

¢ Inoculation into the deep layers of solid media or under
a layer of oil in liquid media

Many microorganisms require an environment of 5-10%
CO,. Levels greater than 10% are often inhibitory due to a
decrease in pH as carbonic acid forms. Culture media vary in
their susceptibility to form toxic oxidation products if exposed
to light and air.

Water Activity

Proper moisture conditions are necessary for continued luxuri-
ant growth of microorganisms. Organisms require an aqueous
environment and must have “free” water. “Free” water is not
bound in complex structure and is necessary for transfer of
nutrients and toxic waste products. Evaporation during incuba-
tion or storage results in loss of “free” water and reduction of
colony size or total inhibition of organism growth.

Protective Agents and Growth Factors

Calcium carbonate, soluble starch and charcoal are examples
of protective agents used in culture media to neutralize and
absorb toxic metabolites produced by bacterial growth.

Nicotinamide adenine dinucleotide, NAD (V factor) and hemin
(X factor) are growth factors required by certain bacteria; e.g.,
Haemophilus species, and for enhanced growth of Neisseria
species.

Surfactants, including polysorbate 80, lower the interfacial
tension around bacteria suspended in the medium. This activ-
ity permits more rapid entry of desired compounds into the
bacterial cell and can increase bacterial growth.
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Functional Types of Culture Media

The composition of a particular culture medium formulation
determines the classification of the medium as general-purpose,
enriched, selective or differential or a combination of these types.
A general-purpose medium is one that supports the growth of a

wide variety of microorganism types and lacks inhibitory prop-
erties. Such a medium may be either nonenriched or enriched
with an additive, usually animal blood, in order to cultivate
highly fastidious microbial species. Examples of such media
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Functional Types of Media, cont.

include Trypticase™ Soy Agar (nonenriched) and Trypticase Soy
Agar with 5% Sheep Blood (enriched).

A selective medium favors the recovery of specific types or
genera of microorganisms and inhibits other members of a
mixed flora. Selectivity is usually achieved with a chemical
agent, dye or antibiotic. Group A Selective Strep Agar with
5% Sheep Blood (ssA™) is an example of a selective medium
as it preferentially isolates group A streptococci from throat cul-
tures due to the inclusion of a combination of selective agents.
Culture media differ in their degree of selectivity, and the highly
selective ones may inhibit some strains of the organisms the
recovery of which is desirable. For example, when attempting
isolation of enterics, several media possessing varying degrees
of selectivity should be utilized.

A differential medium is one which possesses certain ingredi-
ents that enable presumptive identification of a specific genus
or species either from a pure or mixed culture. Identification
is usually based on the organism’s appearance; i.e., colony
color or the presence of a precipitate. For example, TSI Agar
(Triple Sugar Iron Agar) is a differential medium for gram-
negative enteric organisms on the basis of their ability to
ferment dextrose, lactose and sucrose and to produce sulfides.

Many culture media formulations combine the properties of
selectivity and differentiation due to their inclusion of a variety
of chemicals. Chromogenic media fall into this category. In
addition to selective agents, these unique formulations contain
chromogenic substrates which release differently colored
compounds upon degradation by specific enzymes. This en-
zymatic reaction produces distinct colony colors that allows
for easy differentiation and identification. For example, on
BBL" CHROMagar™ Staph aureus medium, Staphylococcus
aureus produces mauve-colored colonies while most gram-
positive organisms, if not inhibited, produce white, blue, green
or blue-green (aqua) colonies. Gram-negative organisms and
yeasts are partially to completely suppressed.

The isolation of microorganisms from clinical materials
frequently requires the use of enriched broth media in
addition to the selective, differential and nonselective plated
media normally used for primary isolation. The use of liquid
“back up” media reduces the possibility of completely
missing an etiological agent that is present in low numbers,
slow growing on plated media, susceptible to selective agents,
or sensitive to unfavorable incubation conditions.

Culture Media Ingredients — Agars

History

Agar was discovered in 1658 by Minora Tarazaemon in
Japan.! According to legend, this Japanese innkeeper threw
surplus seaweed soup into the winter night and noticed it later
transformed into a gel by the night’s freezing and the day’s
warmth.? In 1882, Koch was the first to use agar in microbiol-
ogy.>* Walter Hesse, a country doctor from Saxony, introduced
Koch to this powerful gelling agent.’ Hesse had learned about
agar from his wife, Fanny Hesse, whose family had contact
with the Dutch East Indies where agar was being used for
jellies and jams.>*¢

By the early 1900s, agar became the gelling agent of choice
instead of gelatin. Agar was found more suitable because it
remained solid at the temperatures required for growth of
human pathogens and was resistant to breakdown by bacterial
enzymes.

Production of agar in the United States was started just before
the beginning of World War II as a strategic material.’ In
the 1940s, bacteriological-grade agar manufactured by the
American Agar Company of San Diego, California, served as
reference agar for the evaluation of the characteristics of other
culture media components, such as peptones.’

Characteristics

Agar is a phycocolloid, water-soluble polysaccharide, extracted
from a group of red-purple marine algae (Class Rhodophyceae)
including Gelidium and Gracilaria.” These red-purple marine
algae are widely distributed throughout the world in temperate

Agar is derived from a group of red-purple marine algae as pictured
above.

zones. Gelidium is the preferred source of agar. The most
important properties of agar are:’

* Good transparency in solid and gel forms to allow
identification of colony type

* Consistent lot-to-lot gel strength that is sufficient to
withstand the rigors of streaking but not so stiff that it
affects diffusion characteristics

¢ Consistent gelling (32-40°C) and melting (approximately
85°C) temperatures, a property known as hysteresis

e Essential freedom from metabolically useful chemicals such
as peptides, proteins and fermentable hydrocarbons



e Low and regular content of electronegative groups that
could cause differences in diffusion of electropositive
molecules (e.g., antibiotics, nutrients)

o Freedom from toxic substances (bacterial inhibitors)

e Freedom from hemolytic substances that might interfere
with normal hemolytic reactions in culture media
¢ Freedom from contamination by thermophilic spores
Agars are normally used in final concentrations of 1-2% for
solidifying culture media. Smaller quantities of agar (0.05-
0.5%) are used in culture media for motility studies (0.5% w/v)
and growth of anaerobes (0.1%) and microaerophiles.?

The Manufacturing Process
The finest Gelidium marine algae from world sources is selected.
Through a variety of processes, the agar is extracted from the

Peptones and Hydrolysates

Gelidium, resulting in a liquid agar that is purified. The liquid
agar is first gelled, causing the soluble and suspended contami-
nants to be trapped, then washed from the agar, eliminating the
contaminants. Detailed manufacturing methods are described
in references.?’

Product Applications
For specific product applications, refer to the product descrip-
ton for “Agars.”
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Culture Media Ingredients — Peptones and Hydrolysates

History

Peptones were originally described in 1880 by Naegeli.! With
the rich amino acid and nitrogen compounds readily utilized
by bacteria, peptones soon became one of the most important
constituents of culture media.

Beginning in 1895, Difco Laboratories produced high quality
enzymes, dehydrated tissues and glandular products to aid in
the digestion process. The knowledge gained from processing
animal tissues, purifying enzymes and performing dehydration
procedures allowed a smooth transition to the preparation of
dehydrated culture media, in addition to its peptones. Meat and
other protein digests were developed to stimulate growth of
bacteria and fungi. Extensive research led to the development
of Bacto™ Peptone, which was introduced in 1914,

Since then, Bacto Peptone has been recognized as the premium
quality standard for all other peptones. Building on this knowl-
edge base, Difco Laboratories continued to develop more
peptones to add to the Bacto line of products. Bacto Proteose
Peptone, Bacto Proteose Peptone No. 2, and Bacto Proteose
Peptone No. 3 were created from the accumulated information
that no single peptone was the most suitable nitrogen source
for growing fastidious bacteria and supplementing mammalian
cell culture. Today, many cell culture procedures, in addition
to microbial cultures, call for the addition of a peptone to
enhance yield.

In 1935, the Baltimore Biological Laboratory (BBL) was
founded by Theodore J. Carski and Dr. Einar Leifson, employees
of the Johns Hopkins Hospital. The laboratory undertook a
study of the preparation of peptones. The acronym “BBL” was
often used and became the brand name for products offered
by the company. New formulations were added, resulting in
the development of a full line of culture media. Many of these
media utilize peptones of known derivation, such as Trypticase™

Peptone, a pancreatic digest of casein, and Phytone™ Peptone,
a papaic digest of soybean meal.

In 1955, BD acquired BBL and used its expertise to continually
advance the clinical market with prepared media and diagnostic
tools. In 1997, BD acquired Difco Laboratories and merged
Difco Laboratories and BBL Microbiology Systems into one
BD division that provides customers with media, peptones/
hydrolysates and extracts. Today, the Difco Laboratories facility
in Detroit and the BD facility in Baltimore continue to manufac-
ture many of the peptones and hydrolysates offered separately
as Bacto, Difco and BBL brands or used in a variety of Difco
or BBL dehydrated culture media formulations.

In late 2009, BD will open a new, dedicated AF*™ (Animal-
Free/Antibiotic-Free) Facility for the cGMP production of
cell culture media and supplements. The plant, located in
Miami, will manufacture products that are controlled for ani-
mal-origin component raw materials to the tertiary level, the
most stringent level of control available. The AF? Facility will
provide a new standard for safety and quality for cell culture
media that significantly reduces current risks associated with
mixed-use plants.

BD remains committed to producing the highest quality pep-
tones that our customers rely on and expect.

Biochemical Processes

Proteins are molecules essential to the structure and function
of all living organisms. They are made up of chains of any
number of amino acids linked by peptide bonds and folded in
a variety of complex structures. Proteins may be broken down
into amino acids and peptides by hydrolysis, using strong acids,
bases or proteolytic enzymes, in order to provide nutrients in
forms that cells may easily utilize. Protein hydrolysates, also
called peptones, are the result of the hydrolysis process on
protein material.
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Peptones and Hydrolysates, cont.

The unique characteristics of each BD peptone product de-
pends on the quality and source of the protein starting mate-
rial, the quality and source of the enzyme, and the method of
hydrolysis used to make the peptone. The starting materials
for peptones vary from animal to vegetable. Protein sources
include meat, casein and whey (milk proteins), gelatin, soy-
bean, yeast and grains.? Enzyme sources include animal organs
(pancreatin and pepsin), papaya (papain), fig (ficin), pineapple
(bromelain) and microbes.?

Protein Hydrolysis

Acid hydrolysis is a harsh process, usually carried out at high
temperatures, which attacks all peptide bonds in the protein
substrate, destroying some of the individual amino acids liber-
ated. Tryptophan is usually totally lost in an acid hydrolysis.
Cystine, serine and threonine are partially broken down and
asparagine and glutamine are converted to their acidic forms.
Vitamins are mostly destroyed by acid hydrolysis. Salts may be
formed during neutralization of an acid hydrolysis, resulting
in a product with high salt content.

Proteolytic enzymes hydrolyze proteins more gently than acids,
do not require the high temperature and usually require specific
peptide bonds. The material that results from a proteolytic
digestion is a mixture of amino acids and polypeptides of vary-
ing lengths. The enzyme pepsin will cut an amino acid chain
where there is a phenylalanine or leucine bond.> Papain will
cut the chain adjacent to arginine, lysine and phenylalanine,’
and pancreatin shows activity at arginine, lysine, tyrosine,
tryptophan, phenylalanine and leucine bonds.?

Microbial proteases, proteolytic enzymes secreted by microor-
ganisms, are becoming more widely used in peptone produc-
tion. Proteases from bacterial, algal, fungal and yeast sources
cover a wide variety of enzyme activities, can be produced in
large scale and usually require only simple purification.*

Peptone Manufacture

Most peptones are manufactured similarly, with steps for
hydrolysis and downstream processing. The basic steps of pep-
tone manufacture include: hydrolysis/digestion, centrifugation,
filtration, concentration and drying. Protein and demineralized
water are combined to form a thick suspension of protein
material in large-capacity digestion vessels, which are stirred
continuously throughout the digestion process. The protein
suspension is then adjusted to the optimum pH for the specific
enzyme chosen for the hydrolysis. For example, pepsin is most
effective at pH 2.0 and trypsin shows maximum activity at
pH 8.5.2 Enzyme is added when the pH and temperature are
optimal. The amount of enzyme necessary, time for digestion,
and control of pH and temperature are dependent on the
desired degree of hydrolysis.

Once the predetermined degree of protein digestion is achieved,
the enzymatic activity must be halted; the suspension is either
heated to inactivate the enzymes or neutralized to inactivate
acids or bases. The protein slurry is then centrifuged and/or

filtered to remove the insoluble materials and to clarify and
concentrate the product. Vacuum-evaporation may be used
for rapid concentration. The peptone syrup, which contains
approximately 67% solids, may undergo further processing
for pH adjustment, pasteurization, and/or filtration. The final
drying step of the process further concentrates the peptone by
spray-drying or by pan-drying in vacuum ovens, which readies
the material for packaging.

Ultrafiltration

Ultrafiltration (UF) is a membrane filtration process used
to separate or concentrate constituents of protein solutions
based on molecular weight. BD offers several peptone and
yeast extract products that are ultrafiltered using a 10k Dalton
Molecular Weight Cut Off (MWCO) membrane. The result
of using the 10k Da MWCO is a retentate containing mol-
ecules over 10k Da MW, which may include fats, larger MW
polypeptides and proteins, and a permeate that contains salts,

sugars, peptides, smaller polypeptides and other compounds
of less than 10k Da MW.

In peptone manufacture, ultrafiltration is used to create a
product that is low in endotoxin, the toxin-containing lipo-
polysaccharide part of the cell wall shed from viable gram-
negative bacteria and released when gram-negative bacteria
die. Endotoxins will cause illness in humans, so they are
considered contaminants that must be avoided or minimized in
the preparation of pharmaceutical products. The ultrafiltration
step takes place before drying in the peptone manufacturing
process.

Meat Peptones

Meat peptones are proteins from animal sources that have been
hydrolyzed, or broken down into amino acids and peptides,
to provide nitrogen for microorganisms. Meat peptones can
be tailored to specific nutritive needs of microorganisms by
controlling the quality and origin of the protein, the quality
and source of the enzyme used to digest the protein, and the
methods used for hydrolysis, concentration and drying the
peptone. Sources of animal protein include meat from muscu-
lar tissue or offal (waste parts, entrails) and gelatin. Muscular
tissue and offal are utilized fresh, frozen or dried. Gelatin is
extracted by boiling collagen, the fibrous protein found in
connective tissue, bone and cartilage.

A variety of proteolytic enzymes, or proteases, may be used
to accomplish enzymatic hydrolysis of animal protein. Pepsin
and trypsin are widely used for animal peptone manufacture.
Pepsin is isolated from porcine or other animal stomach.
Trypsin, along with chymotrypsin, carboxypeptidase A,
carboxypeptidase B, and elastase, are enzymes isolated from
animal pancreas.

Casein Peptones

Casein and whey peptones are hydrolysates of bovine milk
proteins. Milk is a complex material, consisting of water,
lactose, lipids, salts and proteins.



Casein (80%) and whey (20%) are the fundamental protein
components in milk. After the cream, or fat, has been removed
from bovine milk, hydrochloric or sulfuric acid is added in
order to precipitate out casein, the insoluble portion.*® The
casein recovered is known as acid casein and is insoluble in
water. Generally, the acid casein is dissolved in a suitable
hydroxide such as NaOH, to make it soluble in water. The
resulting sodium caseinate is then used as the basis for hydro-
lyzed caseins. Sodium caseinate typically consists of 87% to
90% protein.” Casein, which can make up to 3% of the total
components in bovine milk, is one of the most nutritive of the
milk proteins, as it contains all of the common amino acids
and is rich in the essential ones.

The soluble supernatant material separated from milk after
casein precipitates is whey, also called milk plasma. Whey
contains the lactalbumin and lactoglobulin proteins and is
a by-product of casein (and cheese) production. Whey pro-
tein concentrates and isolates are recovered using various
separation technologies such as ion exchange and filtration;
lactalbumin is recovered by heat denaturing and then separa-
tion.” Whey peptones are manufactured using the process of
enzymatic hydrolysis on the proteins isolated from whey. The
whey peptones contain free amino acids and peptides, as well
as carbohydrates, vitamins and minerals.

Casein peptones are manufactured by either acid or enzymatic
hydrolysis. Many acids can be utilized in the acid hydrolysis
of casein, but hydrochloric acid is most commonly used in
the process. This process leads to complete hydrolysis of
the casein to amino acids and other compounds of relative
chemical simplicity.

The manufacturing process for an enzymatic hydrolysis of
casein is not as destructive as an acid hydrolysis. The ca-
sein is not broken down as completely into its constituent
components. In many cases, this makes for a more nutri-
tious hydrolysate, especially for those organisms that prefer
peptides to amino acids. Enzymes from the pancreas are
utilized to manufacture these peptones. While the pancreas
contains a battery of enzymes from the protease, lipase and
amylase groups, it is the proteases that are used in the hydro-
lysis of casein. These proteases only have the ability to digest
proteins into peptides; they cannot break the protein down
into its component amino acids. As a result, pancreatic digests
of casein, as opposed to acid hydrolysates of casein, produce
peptones that contain greater amounts of peptides.

Soy Peptones

Soy peptones are all enzymatic digests of soy flour. Soy con-
tains several heat labile protease inhibitors.® The most common
way of eliminating these factors is to heat or toast the defatted
soy beans in a processing plant under controlled conditions.
Soy flour, the principle substrate in a soy peptone, is rich in
high-quality protein, carbohydrates, calcium and B vitamins.’
The enzymes used in the digestion of the soy flour are typically
from animal-free sources or from microorganisms that have
been grown in animal-free media.

Peptones and Hydrolysates, cont.

Yeast Products

Yeast extract is defined in the USP as “a water-soluble, peptone-
like derivative of yeast cells (Saccharomyces).”'® Yeast extract
is readily available in the U.S. as a spray-dried powder. In
Europe, pharmaceutical companies use it as a liquid or paste,
as well as in the powdered form.

Yeast extract is used by the health food industry as an inex-
pensive source for many of their vitamins, and has long been
recognized as a major source of B-complex vitamins. Yeast
extract, as a substrate in a media formulation, supplies not
only vitamins, but also proteins, carbohydrates and some
micronutrients.

There are many kinds of yeast extract. The two principle sources
of yeast extract are “brewer’s” yeast and “baker’s” yeast.
Brewer’s yeast is a by-product from the brewing industry. It
requires de-bittering (removal of hop resins) before it is suitable
for fermentation use.> A wide variety of strains and growth
processes have been used in the manufacture of the brewer’s
yeast, thus precluding any consistency of the final product.

Baker’s yeast (Saccharomyces cerevisiae) is defined as a primary
yeast because the yeast is grown for the specific purpose of
being used as a substrate in a bioprocess or as a food prod-
uct/flavoring. Manufacture of baker’s yeast is a reproducible
and controlled process. The yeast organism is grown on a
molasses-based medium optimized for the specific yeast.!
Commercial yeast fermentations are always fed-batch type
fermentations lasting from 12-20 hours.'? Commercial baker’s
yeast manufacturers have found that the more highly aerated
a culture, the higher the final product yield.!?

The process of manufacturing baker’s yeast extract is unique
compared to the manufacture of other peptones. Yeast extract
is an autolysate. Cell hydrolysis is performed by the endog-
enous enzymes of the Saccharomyces organism. Autolysis is
usually begun by either a controlled temperature shock or, for
the food industry, an osmotic shock, which causes the yeast
cells to expire. The temperature shock is not high enough to
inactivate the proteases of the yeast cell, which proceed to
degrade the cell. Autolysis can proceed from 10 to 60 hours.

After autolysis, soluble material is separated from insoluble
by means of centrifugation and several filtration steps.!? The
final filtration product is concentrated and then spray dried,
or can be left in the concentrated paste form, which contains
approximately 60-80% solids.

Temperature, pH, addition of other enzymes, type of medium
substrate for the growth of the Saccharomyces and duration
of autolysis are all variations that create the large variety of
yeast extracts available.

Peptone Performance

The raw materials and manufacturing conditions for protein
hydrolysis are controlled to produce consistent peptone prod-
ucts. Ingredients used for peptone manufacture, including the
protein, agent of hydrolysis, and any buffering agents used, are
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selected based on specific purity and quality standards. The
conditions of the hydrolysis, such as the amount of enzyme
used, the time for digestion, and the pH and temperature
at which hydrolysis is conducted, determine the degree of
hydrolysis and the quality of the hydrolysate. Therefore,
these conditions must be carefully controlled throughout
the manufacturing process. Purification, concentration and
drying steps are carefully regulated due to their bearing on
the characteristics of a peptone. Finally, each batch of protein
hydrolysate is tested for an array of physical, chemical, analyti-
cal and growth support tests to ensure product quality and
lot-to-lot consistency.

Peptones/hydrolysates are available as original premium
Bacto™ formulations, or as Difco™, BBL™ or BiTek™ brands.
The BiTek brand was developed for production-grade products
where a premium product is not required.

Applications

Cell Culture

In the biopharmaceutical industry, the requirement for high-
performance animal-free processes has prompted a greater
focus on media and process optimization.'? Serum supple-
mentation has traditionally been used to compensate for base
media deficiencies. However, the regulatory issues and high
costs associated with using serum have led to a widespread
effort to find animal free or chemically defined alternatives.
While chemically defined media are ideal, they often do not
meet the expected production goals.

Through additional work, it has been observed that peptone
supplementation, when appropriately applied, can exceed
the performance of serum while meeting stringent regulatory
requirements. Additionally, downstream processing require-
ments are greatly reduced due to the lack of contaminating
serum proteins, thereby reducing processing time and costs.
In order to achieve this type of success, a complete process
optimization must occur where the base media, peptone
supplementation, and feed strategy are empirically determined
through the use of a methodical optimization strategy.'*

The benefits of peptone supplementation in cell culture ap-
plications have been well documented for many years. Due
to the complex composition of peptones, they provide a wide
range of benefits to the cells. In some cases, peptides of various
lengths have resulted in increased cell performance.” Others
have benefited from free amino acids and other low molecular
weight nutrients.'® Since the nutritional requirements for each
cell line are different, it is important to identify a peptone that
will meet the unique requirements of a particular cell line.
Blends of peptones should also be considered, as synergistic
effects have been observed in some processes when multiple
peptones were used.!” Significantly higher antibody yields can
be achieved with the identification of a peptone that meets the
specific requirements of the cell line.

Determining how to apply the peptone is essential to achiev-
ing the increased performance. While some processes require

that peptone is present from the beginning of the run, others
perform best when the peptone is added as a feed later in the
process. In some cases, optimal performance is achieved when
the process begins with one peptone then another is added as
a feed later in the production run.

BD AutoNutrient™ Media Design Service (AMDS)
Performing thorough optimizations can require significant
time and resources, so the decision is often made to eliminate
many potentially critical design points. To address this need
and ensure the identification of the optimal media formulation
that meets production goals, BD offers the AutoNutrient™
Media Design Service (AMDS). The BD team of dedicated,
experienced scientists works with each customer in a highly
collaborative process to develop a media formulation that
satisfies the requirements. Through the AMDS program, BD
offers a library of 45 diverse, chemically defined media, as well
as a number of peptones designed specifically for the biophar-
maceutical industry. AMDS partners with each customer from
initial screens through final scale up to ensure an optimized
process at each step.

Fermentation

Fermentation media formulations are of two types: defined
and complex. Defined media are made by the addition of
chemically defined ingredients to water for injection (WFI) or
distilled water. Complex media are made with peptone digests
or extracts of plant or animal origin.!®

The advantages of chemically defined media are greater
reproducibility, cleaner downstream processing steps and
simplicity in the analysis of the end product. The disadvantages
are lower yields and greater expense, especially if the list of
media components include growth factors and vitamins."
The advantages of complex media are that they are relatively
inexpensive, they support a wide variety of growth from a
large group of microorganisms, they promote growth of the
more fastidious organisms that will not grow on a chemically-
defined medium, they stimulate toxin production and they
routinely produce higher yields than many defined media.
The disadvantages of complex media are that the downstream
processing may be more difficult and reproducibility can
sometimes be compromised. When developing a new medium
formulation, care should be taken in choosing the peptones
for the new formulation. Individual experimentation with a
variety of peptones is suggested to select the optimum peptone
or combination of peptones.

With the continuing emergence of new confirmed cases
of BSE/TSE, a prime directive for the development of new
fermentation products has been to either source raw materials
from a country free from BSEs or reformulate the media
using animal-free components.”’ BD began offering animal
free alternatives to classical media formulations in 1997. In
1998, Select APS™ (alternative protein source) products were
introduced. These non-animal formulations provide growth
support characteristics comparable, and in some cases superior,
to classical animal formulations.



Culture Media Ingredients

Beef Extract

Bacto™ Beef Extract, Desiccated

Beef Extract Powder

The beef extract products are replacements for aqueous infu-
sions of meat. Beef extract is not exposed to the harsh treat-
ment used for protein hydrolysis, so it can provide some of
the nutrients lost during peptone manufacture.'” Beef Extract
is a mixture of peptides and amino acids, nucleotide fractions,
organic acids, minerals and some vitamins. Its function is to
complement the nutritive properties of peptone by contribut-
ing minerals, phosphates, energy sources and those essential
factors missing from peptone.?

Beef extract is usually employed in concentrations of 0.3 to
1.0% in culture media. Beef Extract is in a paste form. Bacto
Beef Extract, Desiccated, the dried form of Beef Extract, was
developed to provide a product for ease of use in handling.
These two products are used in a one for one substitution. Beef
Extract Powder is a meat extract dried to a powdered form.

Bacto™ Beef Heart for Infusion

Bacto Beef Heart for Infusion is prepared from fresh beef heart
tissue and is recommended for preparing heart infusion media.
It provides nitrogen, amino acids and vitamins in microbiologi-
cal culture media. Bacto Beef Heart for Infusion is processed
from large volumes of raw material, retaining all the nutritive
and growth stimulating properties of fresh tissue.

Biosate™ Peptone

Biosate Peptone is a mixed hydrolysate of casein and yeast
extract. The product provides nitrogen, amino acids and
vitamins in microbiological culture media. The combination
of pancreatic digest of casein and yeast extract, at a ratio of
65:35, provides nutritional benefits that are not provided by
the components alone.

Bacto™ Casamino Acids

Bacto™ Casamino Acids, Technical

Casamino Acids, Vitamin Assay

Acidicase™ Peptone

Bacto Casamino Acids, Bacto Casamino Acids, Technical,
Casamino Acids, Vitamin Assay and Acidicase Peptone are
acid hydrolysates of casein. Casein is a milk protein and a rich
source of amino acid nitrogen. These products are added to
media primarily because of their organic nitrogen and growth
factor components. Their inorganic components also play a
vital role.”!

Bacto Casamino Acids is recommended for use with microbio-
logical cultures that require a completely hydrolyzed protein as
a nitrogen source. Bacto Casamino Acids, Technical is recom-
mended for use in culture media where amino acid mixtures
are required for a nitrogen source but the sodium chloride and
iron content have not been decreased to the same extent as with
Casamino Acids. Casamino Acids, Vitamin Assay is specially
treated to markedly reduce or eliminate certain vitamins. It is
recommended for use in microbiological assay media and in

Peptones and Hydrolysates, cont.

growth promotion studies. Acidicase Peptone is a hydrochlo-
ric acid hydrolysate of casein with a high salt content. It is
deficient in cystine, because casein contains little cystine, and
in tryptophan, which is destroyed by the acid treatment. It is
used in vitamin assay media, susceptibility testing and other
laboratory media and microbial fermentation where the high
salt content will not interfere.

Bacto™ Casitone

Trypticase™ Peptone

Bacto™ Tryptone

Bacto Casitone, Trypticase Peptone and Bacto Tryptone are
pancreatic digests of casein. These products are recommended
for preparing media where an enzymatic hydrolyzed casein is
desired. The manufacturing process for an enzymatic digest
of casein is not as destructive as an acid hydrolysis. Thus, the
casein is not broken down as completely into its constituent
components. In many cases, this makes for a more nutritious
hydrolysate, especially for those organisms that prefer peptides
to amino acids. Casein is a rich source of amino nitrogen.
These products are used to support the growth of fastidious
microorganisms and are suitable for use in fermentation
studies. Trypticase Peptone is biologically tested for freedom
from detectable carbohydrates. Their high tryptophan content
makes Bacto Casitone, Trypticase Peptone and Bacto Tryptone
valuable for detecting indole production.

Gelysate™ Peptone

Gelysate Peptone is a pancreatic digest of gelatin. Gelatin is
extracted from collagen, which is the fibrous protein in bone,
cartilage and connective tissue. Gelatin hydrolysate is high in
proline residues.? Gelysate Peptone is deficient in carbohydrates
and is characterized by low cystine, methionine and tryptophan
content. Gelysate Peptone should be used for cultures requiring
low carbohydrate, cystine and tryptophan levels in cell culture
and bacterial fermentation.

Bacto™ Malt Extract

Bacto Malt Extract is the water-soluble portion of malted
barley. The extraction process breaks down the polysaccharides
into simple sugars. After the malting process is complete, the
extract is prepared from the malted barley by cracking the grain
in a mill and then extracting the grain with a warm liquor.
The resulting “wort” is filtered and evaporated or dried under
vacuum.>* It is used in culture media for the propagation of
yeasts and molds because it contains a high concentration of
reduced sugars, particularly maltose. This product is generally
employed in concentrations of 1-10%. Bacto Malt Extract
provides carbon, protein and nutrients in culture media.

Bacto™ Neopeptone

Bacto Neopeptone is an enzymatic digest of protein. This
product contains a wide variety of peptide sizes in combination
with vitamins, nucleotides and minerals. Bacto Neopeptone is
particularly well suited in supplying the growth requirements
of fastidious bacteria. In addition, this peptone is extremely
valuable in media for the cultivation of pathogenic fungi.
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Bacto™ Peptone

Bacto Peptone is an enzymatic digest of animal protein. Bacto
Peptone was first introduced in 1914 and became the standard
peptone for the preparation of bacteriological culture media.
This peptone contains nitrogen in a form that is readily avail-
able for bacterial growth. Bacto Peptone has a high peptone
and amino acids content and only a negligible quantity of
proteoses and more complex nitrogenous constituents. Bacto
Peptone is used as an organic nitrogen source in microbiological
culture media for cultivation of a variety of bacteria and fungi
and in cell culture media formulations.

Phytone™ Peptone

Select Phytone, UF

Select Soytone

Bacto™ Soytone

Phytone Peptone, Select Phytone, UF, Select Soytone, and
Bacto Soytone are enzymatic digests of soybean meal/flour.
The soybean protein in these peptones contains naturally
occurring high concentrations of vitamins and carbohydrates.
Phytone Peptone is an animal-free soy peptone that retains
the high vitamin and high carbohydrate content of the soy
plant tissue. This product is an excellent plant peptone for
the cultivation of fungi and fastidious types of bacteria. It
has also been used in cell culture applications due to its high
carbohydrate content.

Select Phytone, UF is an ultra-filtered peptone that was devel-
oped for the tissue culture market. Its nitrogen content com-
bined with the naturally occurring vitamins has demonstrated
remarkable growth support with monoclonal antibodies and
protein expression. Select Soytone is used in molecular genetics
media and cell culture. Bacto Soytone is recommended for use
in media for the cultivation of a large variety of organisms, in-
cluding fungi, and microbiological assay media. Bacto Soytone
utilizes an animal-based enzyme in the digestion of soy flour.

Polypeptone™ Peptone

Polypeptone Peptone is a mixture of peptones made up of equal
parts of pancreatic digest of casein and peptic digest of animal
tissue. Polypeptone Peptone includes the high content of amino
acids and small polypeptides characteristic of pancreatic digest
of casein and the larger polypeptides characteristic of peptic
digest of animal tissue. Polypeptone Peptone provides nitrogen,
amino acids and vitamins in microbiological culture media.

Bacto™ Proteose Peptone

BiTek™ Proteose Peptone

Bacto™ Proteose Peptone No. 2

Bacto™ Proteose Peptone No. 3

Bacto™ Proteose Peptone No. 4

Bacto Proteose Peptone, BiTek Proteose Peptone, Bacto Pro-
teose Peptone No. 2, Bacto Proteose Peptone No. 3 and Bacto
Proteose Peptone No. 4 are enzymatic digests of protein. Bacto
Proteose Peptone, BiTek Proteose Peptone, Bacto Proteose
Peptone No. 2 and Bacto Proteose Peptone No. 4 are used
in preparing microbiological culture media and in producing
bacterial toxins. Bacto Proteose Peptone No. 3 is used to culture

fastidious microorganisms. Bacto Proteose Peptone No. 4 is a
spray-dried version of Bacto Proteose Peptone. These proteose
peptone products provide nitrogen in a form that is readily
available for bacterial growth.

Bacto™ TC Lactalbumin Hydrolysate

Bacto TC Lactalbumin Hydrolysate is the enzymatically
hydrolyzed protein portion of milk whey. It is a mixture of
peptides, amino acids and carbohydrates, simple and complex.
It is used for preparing bacterial, insect and mammalian cell
culture media.

Bacto™ TC Yeastolate
TC Yeastolate, UF

Bacto TC Yeastolate and TC Yeastolate, UF are animal-free,
water-soluble portions of autolyzed yeast of Saccharomyces
cerevisiae. These products are mixtures of peptides, amino
acids, simple and complex carbohydrates, and vitamins. They
are used for preparing bacterial, insect and mammalian cell
culture media.

Bacto™ Tryptose

Bacto Tryptose is a mixed enzymatic hydrolysate with dis-
tinctive nutritional properties. The digestive process of Bacto
Tryptose results in assorted peptides of higher molecular weight
suitable for long chain amino acid requirements. Bacto Tryptose
is used for the cultivation of fastidious organisms and for cell
culture applications.

Bacto™ Yeast Extract

Yeast Extract, UF

Yeast Extract, LD

Bacto™ Yeast Extract, Technical
Yeast Extract

Bacto Yeast Extract, Yeast Extract, UF, Yeast Extract, LD, Bacto
Yeast Extract, Technical and Yeast Extract are concentrates of
the water-soluble portion of Saccharomyces cerevisiae cells that
have been autolyzed. These products provide essential water
soluble vitamins, amino acids, peptides and carbohydrates in
microbiological culture media. Yeast extract is considered a
non-animal product and is used extensively for many non-
animal formulations of bacterial, fungal, mammalian and
insect cell culture.

For additional information on peptones, call BD Technical
Services at 800-638-8663 and request a copy of the BD
Bionutrients™ Technical Manual.
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Media Sterilization

Sterilization is any process or procedure designed to entirely
eliminate viable microorganisms from a material or medium.
Sterilization should not be confused with disinfection, sani-
tization, pasteurization or antisepsis which are intended to
inactivate microorganisms, but may not kill all microorganisms
present. Sterilization can be accomplished by the use of heat,
chemicals, radiation or filtration.!

Sterilization with Heat’

The principal methods of thermal sterilization include 1) moist
heat (saturated steam) and 2) dry heat (hot air) sterilization.
Heat kills microorganisms by protein denaturation and
coagulation. Moist heat has the advantage of being more rapid
and requiring lower temperatures than dry heat. Moist heat
is the most popular method of culture media sterilization.
When used correctly, it is an economical, safe and reliable
sterilization method.

Moist Heat Sterilization

Water boils at 100°C, but a higher temperature is required to
kill resistant bacterial spores in a reasonable length of time. A
temperature of 121°C for 15 minutes is an accepted standard
condition for sterilizing up to one liter of culture medium. The
definition of “autoclave at 121°C for 15 minutes” refers to
the temperature of the contents of the container being held at
121°C for 15 minutes, not to the temperature and time at which
the autoclave has been set.> The steam pressure of 15 pounds
per square inch at this temperature aids in the penetration of
the heat into the material being sterilized. If a larger volume
is to be sterilized in one container, a longer period should be
employed. Many factors can affect sterility assurance, including
size and contents of the load and the drying and cooling time.
Certain products may decompose at higher temperature and
longer cycles. For this reason, it is important that all loads be
properly validated.

The basic principles for validation and certification of a steril-
izing process are enumerated as follows:?

1. Establish that the processing equipment has the capability
of operating within the required parameters.

2. Demonstrate that the critical control equipment and
instrumentation are capable of operating within the
prescribed parameters for the process equipment.

3. Perform replicate cycles representing the required operational
range of the equipment and employing actual or simulated
product. Demonstrate that the processes have been carried
out within the prescribed protocol limits and, finally,

that the probability of microbial survival in the replicate
processes completed is not greater than the prescribed
limits.

4. Monitor the validated process during routine operation.
Periodically as needed, requalify and recertify the equip-
ment.

5. Complete the protocols and document steps 1-4, above.

For a complete discussion of process validation, refer to
appropriate references.

Ensuring that the temperature is recorded correctly is vital.
The temperature must reach all parts of the load and be
maintained for the desired length of time. Recording thermom-
eters are employed for the chamber and thermocouples may be
buried inside the load.

For best results when sterilizing culture media, plug tubes
or flasks of liquids with nonabsorbent cotton or cap loosely.
Tubes should be placed in racks or packed loosely in bas-
kets. Flasks should never be more than two-thirds full. It is
important to not overload the autoclave chamber and to
place contents so that there is a free flow of steam around the
contents. After sterilizing liquids, the chamber pressure must
be reduced slowly to atmospheric pressure. This allows the
liquid to cool below the boiling point at atmospheric pressure
before opening the door to prevent the solution from boiling
over.

In autoclave operation, all of the air in the chamber must be
expelled and replaced by steam; otherwise, “hot spots” and
“cold spots” will occur. Pressure-temperature relations of a
properly operated autoclave are shown in the table below.

Pressure-Temperature Relations in Autoclave*
(Figures based on complete replacement of air by steam)
PRESSURE IN POUNDS | TEMPERATURE (°C) | TEMPERATURE (°F)

5 109 228

10 115 240

15 121 250

20 126 259

25 130 267

30 135 275
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Over-sterilization or prolonged heating will change the compo-
sition of the medium. For example, carbohydrates are known to
break down in composition upon overheating. Over-sterilizing
media can cause a number of problems, including:

¢ Incorrect pH

¢ A decrease in the gelling properties of agar
¢ The development of a nontypical precipitate
e Carmelization or darkening of the medium
* Loss of nutritive value

¢ Loss of selective or differential properties

There are certain media (e.g., Hektoen Enteric Agar and Violet
Red Bile Agar) that should not be autoclaved. To dissolve these
media formulations, heat to boiling to dissolve completely. It is
important to follow all label directions for each medium. Media
supplements should be sterile and added aseptically to the steril-
ized medium, usually at 45-55°C.

Dry Heat Sterilization'

Dry heat is employed for materials such as metal instruments
that could be corroded by moist heat, powders, ointments
and dense materials that are not readily penetrated by steam.
Because dry heat is effective only at considerably higher
temperatures and longer times than moist heat, dry heat
sterilization is restricted to those items, unlike culture media,
that will withstand higher temperatures. The dry heat time
for sterilization is 120 minutes at 160°C.

Chemical Sterilization®

Chemical sterilization employs gaseous and liquid sterilants for
certain medical and industrial instruments. The gases include
ethylene oxide, formaldehyde and beta-propiolactone. The
liquid sterilants include glutaraldehyde, hydrogen peroxide,
peracetic acid, chlorine dioxide and formaldehyde. Chemical
sterilization is not employed in the preparation of culture
media due to unfavorable affects upon performance. For a
complete discussion of this topic, consult appropriate refer-
ences.

Radiation Sterilization'

Radiation sterilization is an optional treatment for heat-sensi-
tive materials. This includes ultraviolet light and ionizing
radiation.

Ultraviolet light is chemically active and causes excitation of
atoms within the microbial cell, particularly the nucleic acids,
producing lethal mutations. This action stops the organism
from reproducing. The range of the ultraviolet spectrum that
is microbiocidal is 240-280 nm. There is a great difference
in the susceptibility of organisms to ultraviolet radiation;
Aspergillus niger spores are 10 times more resistant than
Bacillus subtilis spores, 50 times more resistant than Staphy-
lococcus aureus and Escherichia coli, and 150 times more
resistant than influenza virus.

Because most materials strongly absorb ultraviolet light, it
lacks penetrating power and its applications are limited to

surface treatments. Much higher energy, 100 to millions of
times greater, is generated by ionizing radiations. These include
gamma-rays, high energy X-rays and high energy electrons.

Tonizing radiation, unlike ultraviolet rays, penetrates deeply
into atoms, causing ionization of the electrons. Ionizing
radiation may directly target the DNA in cells or produce
active ions and free radicals that react indirectly with DNA.

Gamma radiation is used more often than x-rays or high-
energy electrons for purposes of sterilization. Gamma rays are
generated by radioactive isotopes, cobalt-60 being the usual
source. Gamma radiation requires many hours of exposure
for sterilization. Validation of a gamma irradiation procedure
includes:*

Establishment of article materials compatibility

Establishment of product loading pattern and completion
of dose mapping in the sterilization container

Establishment of timer setting

¢ Demonstration of the delivery of the required sterilization
dose

The advantages of sterilization by irradiation include low
chemical reactivity, low measurable residues, and few variables
to control.> Gamma irradiation is used for treating many
heat-sensitive products that can also be treated by gaseous
sterilization, including medical materials and equipment,
pharmaceuticals, biologicals and laboratory equipment. BD
utilizes gamma irradiation in the manufacturing of BBL™
Sterile Pack media for environmental monitoring of critical
environments.

Sterilization by Filtration'3

Filtration is a useful method for sterilizing liquids and gases.
Filtration excludes microorganisms rather than destroying
them. Two major types of filters may be used, depth filters
and membrane filters.

The membrane filter screens out particles, while the depth
filter entraps them. Membrane filters depend largely on the
size of the pores to determine their screening effectiveness.
Electrostatic forces are also important. A membrane filter with
an average pore size of 0.8 pm will retain particulate matter as
small as 0.05 pm. For removing bacteria, a pore size of 0.2 pm
is commonly used. For retention of viruses and mycoplasmas,
pore sizes of 0.01-0.1 pm are recommended. Cocci and bacilli
range in size from about 0.3 to 1 pm in diameter. Most viruses
are 0.02-0.1 pm, with some as large as 0.25 pm.

Rating the pore size of filter membranes is by a nominal rating
that reflects the capability of the filter membrane to retain
microorganisms of size represented by specified strains.
Sterilizing filter membranes are membranes capable of
retaining 100% of a culture of 107 microorganisms of a
strain of Pseudomonas diminuta (ATCC™ 19146) per square
centimeter of membrane surface under a pressure of not
less than 30 psi. These filter membranes are nominally rated
0.22 pm or 0.2 pm. Bacterial filter membranes (also known



as analytical filter membranes), which are capable of retain-
ing only larger microorganisms, are labeled with a nominal
rating of 0.45 pm.

Membrane filters are used for the commercial production
of a number of pharmaceutical solutions and heat-sensitive
injectables. Serum for use in bacterial and viral culture media
are often sterilized by filtration, as well as some sugars that are
unstable when heated. Membrane filtration is useful in testing
pharmaceutical and medical products for sterility.

Sterility Assurance’

Sterility Assurance is the calculated probability that a micro-
organism will survive sterilization. It is measured as the SAL,
Sterility Assurance Level, or “degree of sterility”. For sterility
assurance, Bacillus stearothermophilus which contains steam
heat-resistant spores is employed with steam sterilization at
121°C.

Testing Sterilizing Agents'?®

Sterilization by moist heat (steam), dry heat, ethylene oxide
and ionizing radiation is validated using biological indicators.
The methods of sterilization and their corresponding indica-
tors are listed below:

STERILIZATION METHOD BIOLOGICAL INDICATOR
Steam Bacillus stearothermophilus
Dry heat Bacillus subtilis var. niger
Ethylene oxide Bacillus subtilis var. globigii
Filtration Pseudomonas diminuta

For moist heat sterilization, paper strips treated with chemicals
that change color at the required temperature may be used.

The heat-resistant spores of B. stearothermophilus are dried
on paper treated with nutrient medium and chemicals. After
sterilization, the strips are incubated for germination and
growth, and a color change indicates whether they have or
have not been activated. Spore strips should be used in every
sterilization cycle.

Glossary'®
Bioburden is the initial population of living microorganisms
in the product or system being considered.

Biocide is a chemical or physical agent intended to produce
the death of microorganisms.

Quality Control Organisms

Calibration is the demonstration that a measuring device
produces results within specified limits of those produced
by a reference standard device over an appropriate range of
measurements.

Death rate is the rate at which a biocidal agent reduces the
number of cells in a microbial population that are capable of
reproduction. This is determined by sampling the population
initially, during and following the treatment, followed by plate
counts of the surviving microorganisms on growth media.

D value stands for decimal reduction time and is the time
required in minutes at a specified temperature to produce a
90% reduction in the number of organisms.

Microbial death is the inability of microbial cells to metabolize
and reproduce when given favorable conditions for reproduc-
tion.

Process validation is establishing documented evidence that a
process does what it purports to do.

Sterility Assurance Level is generally accepted when materials
are processed in the autoclave and attain a 10 microbial
survivor probability; i.e., assurance of less than one chance
in one million that viable microorganisms are present in the
sterilized article.?

Sterilization process is a treatment process from which the
probability of microorganism survival is less than 10, or
one in a million.

Thermal Death Time and Thermal-Chemical Death Time are
terms referring to the time required to kill a specified microbial
population upon exposure to a thermal or thermal-chemical
sterilizing agent under specified conditions. A typical thermal
death time value with highly resistant spores is 15 minutes at
121°C for steam sterilization.
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Quality Control Organisms

Bacterial Control Strain Source

An integral part of quality control testing includes quality
control organisms. The following procedures for preparing
quality control organisms were developed by the Clinical and
Laboratory Standards Institute for evaluating the performance

of certain commercially-prepared microbiological culture media.!
These procedures may require modification for the preparation
and use of control cultures of mycobacteria, yeasts and molds.
Microorganisms should be obtained from the American Type
Culture Collection (ATCC™) or other commercial sources.
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Maintenance/Frozen Stock Cultures
If using commercial stock cultures, follow the manufacturer’s
recommendations for growth and maintenance.

To prepare frozen stock cultures of Staphylococcus species,
Streptococcus species, Enterobacteriaceae and Pseudomonas
aeruginosa:

1. Reconstitute the stock culture, if necessary.

2. Inoculate multiple plates of a general-purpose medium;
e.g., Tryptic/Trypticase™ Soy Agar (TSA) or blood agar.

3. Incubate plates for 18-24 hours in an appropriate atmosphere
and at the recommended temperature.

4. Check for purity and correct colony morphology.

If necessary, verify using biochemical tests.

6. Remove sufficient growth from a confluent area and
suspend in 50-100 mL of cryoprotective medium; e.g.,
Tryptic/Trypticase Soy Broth (TSB) with 10-15% glycerol,
skim milk or sterile defibrinated sheep blood.

7. If the frozen cultures will be used to inoculate test media,
adjust suspension to a 0.5 McFarland standard (1-2 x 108
CFU/mL). For fastidious organisms, adjust to a 1 McFar-
land.

8. Dispense 0.5-1.0 mL into sterile glass or plastic freezing
vials. Prepare enough vials for one year of storage. Assume
only one freeze/thaw cycle per vial. Assume at least one
fresh culture every four weeks.

9. Store vialsat or below-50°C (freezer) for one year. Organisms
will keep longer (indefinitely) if stored in an ultra-low-
temperature freezer or in a liquid nitrogen tank.

“

To use a frozen culture:

1. Thaw the vial quickly.

2. Use the culture directly or subculture.

3. Discard any unused cell suspension. Never refreeze cultures
for later use.

Working Cultures

1. Inoculate an agar slant or plate with the frozen stock culture
and incubate overnight.

2. Store the working culture at 2-8°C or at room temperature
for up to four weeks.

3. Check for purity and appropriate colony morphology.
NOTE: Prepare no more than three serial subcultures from
the original “working culture.”

Or
Use the frozen culture directly as a working culture.
Maintain anaerobic cultures in Cooked Meat Medium or

another suitable anaerobic medium. Alternatively, use frozen
anaerobic cultures.

Test Procedure

1. Inoculate an agar plate from the “working culture.”

2. Incubate overnight.

3. Suspend 3-5 isolated colonies with typical appearance in
a small volume (0.5-1.0 mL) of TSB. Incubate 4-5 hours
in an appropriate atmosphere and temperature.

4. Adjust the turbidity to 0.5 McFarland (0.08-0.1 absorbance
units at 625 nm). Alternatively, a suspension may be
made from an overnight culture and adjusted to a 0.5
McFarland.

5. Perform a plate count of the organism suspension to confirm
a colony count of 1-2 x 10% CFU/mL.

To Test Cultural Response

When qualifying a new lot of culture medium, always test
the new lot of medium in parallel with an approved lot of
medium.

Non-Selective Media

Dilute the cell suspension 1:100 in normal saline or purified
water. Inoculate each plate with 0.01 mL (10 uL loopful) to
give 1-2 x 10* CFU/plate. Reduce the inoculum ten-fold, if
necessary, to obtain isolated colonies.!

Selective Media and Tubed Media

Dilute the cell suspension 1:10 in normal saline or purified
water. Streak each plate with 0.01 mL (10 uL loopful) of
the suspension to provide 1-2 x 10° CFU/plate. Reduce the
inoculum ten-fold, if necessary, to avoid overwhelming some
selective media.'

Special Applications

Media used for special applications should be qualified
accordingly. For example, prior to using Fluid Thioglycollate
Medium and/or Soybean-Casein Digest Medium (Tryptic
Soy Broth and Trypticase Soy Broth) for sterility testing, the
media should be tested for growth promotion according to the
specifications outlined in the United States Pharmacopeia* or
a comparable reference standard.

Results

For general-purpose (non-selective) media, sufficient, char-
acteristic growth and typical colony morphology should be
obtained with all test strains. For selective media, growth of
designated organisms is inhibited and adequate growth of
desired organisms is obtained. Color and hemolytic reaction
criteria must be met.

References

1. Clinical and Laboratory Standards Institute. 2004. Approved standard M22-A3. Quality control
for commercially prepared microbiological culture media, 3rd ed. CLSIL, Wayne, Pa.

2. The United States Pharmacopeial Convention, Inc. 2008. The United States pharmacopeia 31/The
national formulary 26, Supp. 1, 8-1-08, online. The United States Pharmacopeial Convention, Inc.,
Rockville, Md.



Typical Analyses

Typical Analyses

“Typical” chemical compositions have been determined on
the peptones and hydrolysates used in microbiological culture
media. The typical analysis is used to select products for
research or production needs when specific nutritional charac-
teristics are required. The specifications for the typical analysis
include:

¢ Nitrogen content
e Physical characteristics
¢ Inorganics

® Amino acids

For typical peptone and hydrolysate analyses, refer to the
table in the Reference Guide section of this manual. To obtain
Certificates of Analysis on specific lots of peptones and
hydrolysates, visit http:/regdocs.bd.com.

Glossary and Methods

Nitrogen Content

Total nitrogen (TN) was measured using a modified Kjeldhal
digestion method. Not all organic nitrogen is nutritive.
Percent (%) nitrogen x 6.25 = % proteins, peptides or amino
acids present.

The amino nitrogen (AN) value shows the extent of protein
hydrolysis by measuring the increase in free amino groups.
This is a nutritionally meaningful value.

The AN/TN ratio gives an estimate of the degree of protein
hydrolysis.

Physical Characteristics

Ash: The higher the ash content, the lower the clarity of the
prepared ingredient. Ash values refer to the non-combustible
portion of the sample and roughly correspond to the min-
eral content of the sample. The ash content includes sodium
chloride, sulfate, phosphates, silicates and metal oxides.
Acid-insoluble ash is typically from silicates found in animal

fodder. Ash values were measured after a minimum of 4 hours
heating at 600°C.

Moisture (Loss on Drying): Lower moisture levels (<5%) are
preferred. Higher moisture levels in dehydrated ingredients

may reduce stability. In the presence of high moisture and
high ambient temperatures, chemical interactions will cause
darkening of the product and falling pH. These characteristics
indicate product deterioration. Loss on Drying determinations
were based on the method described in the United States
Pharmacopoeia' (with some modifications to the procedure).

NaCl: The sodium chloride (NaCl) content may reflect
significant pH adjustments during processing; e.g., acid
hydrolysates (see Ash). Sodium Chloride was determined by
silver nitrate/potassium thiocyanate titration method.

pH: pH was measured in a 2% solution after autoclaving
and equilibrating to room temperature. Hydrolysates vary
in their pH resistance according to their inherent buffering
(phosphate) capacity.

Inorganics

Elemental analysis (calcium, magnesium, potassium, sodium)
was determined by ICP (Inductively Coupled Plasma) using a
Thermo Jarrell Ash instrument.

Phosphate, chloride and sulfate percentages were determined
by ion chromatography.

Amino Acids

Free Amino Acids are defined as amino acids that are not part
of a protein or peptide chain. The amino acids were measured
using the Waters AccQeTag™* Method. The AccQeTag"™
Method is based on the derivatizing reagent 6-aminoquinolyl-
N-hydroxysuccinimide-activated heterocyclic carbamate.

Total Amino Acids were measured by the same method as
the Free Amino Acids after an acid hydrolysis at 110°C for
20 hours. Cysteine and tryptophan are destroyed during the
hydrolysis. The cysteine and tryptophan values are not
reported for Total Amino Acids.

Reference

1. United States Pharmacopeial Convention, Inc. 2008. The United States pharmacopeia 31/The national
formulary 26, Supp. 1, 8-1-08, online. United States Pharmacopeial Convention, Inc., Rockville,
Md.

* AccQeTag is a trademark of Waters Corporation.
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Dehydrated Culture Media

l. Introduction

BD supplies greater than 400 different Difco™ and BBL™ brand
media formulations in dehydrated form for the convenience of
the laboratorian and bioprocessing specialist. Certain formu-
lations are designated by a “II” in the medium name; these
formulations are optimized to provide more consistent, superior
test results than earlier versions.

The individual ingredients and the final dehydrated product
are carefully quality-controlled to assure consistent, high
quality performance and obviate the need for media to be
prepared in the laboratory from raw materials. A number of
factors should be considered in the use of dehydrated media
to ensure the quality of the finished product. These factors are
discussed below.

Dehydrated culture media may be offered as 100 g and 500 g
bottles, 2 kg, 5 1b, 25 Ib and 10 kg containers.

Il. Formula(e)

Generally, media ingredients are listed according to published
“classical” formulations. However, since biological raw materials
may vary slightly, formulations are listed as “approximate” and
may be adjusted and/or supplemented to meet performance
criteria.

Peptones in the formulations presented in this manual may
be expressed by their traditional names or by their generic
equivalents. The United States Pharmacopeia lists culture
media peptones by generic names and includes specifications
for peptone (meat peptone), pancreatic digest of casein, peptic
digest of animal tissue and papaic digest of soybean meal.
The peptones in BBL brand media have been converted to
their generic equivalents. In general, the peptones in Difco
brand media have retained their traditional names, which also
appear in the published formulations in many textbooks and
in “standard” references containing methods for the micro-
biological examination of foods, dairy products and waters
and wastewaters.

Traditionally, the amount of an infusion listed for an infusion-
containing medium has been expressed as the weight of the
source material (e.g., Beef Heart, Infusion from 250 g) used
in the infusion extraction process. These values have been con-
verted to their dry weight equivalents in this manual, which is
consistent with their use in dehydrated culture media.

lll. Warnings and Precautions
Dehydrated culture media are For Laboratory Use.

Sodium azide is a selective agent in certain culture media.
Media containing sodium azide are very toxic by inhalation,
in contact with skin and if swallowed. Contact with acids
liberates very toxic gas. After contact with skin, wash

immediately with plenty of water. Sodium azide may react
with lead and copper plumbing to form highly explosive metal
azides. On disposal, flush with a large volume of water to prevent
azide build-up.

Observe aseptic techniques and established precautions against
microbiological hazards throughout all procedures, since it
must be assumed that all specimens/samples collected might
contain infectious microorganisms. After use, prepared plates,
specimen/sample containers and other contaminated materials
must be sterilized before discarding. Directions for use should
be read and followed carefully.

To minimize the risk in microbiology laboratories of working
with infectious microorganisms and specimens and samples
suspected to contain them, the United States Department
of Health and Human Services has published guidelines for
handling these agents and materials.! The guidelines describe
four biosafety levels, some of which are mentioned in this
manual in association with specific microorganisms:

* Biosafety Level 1 is applicable when work is done with
defined and characterized strains of viable organisms
not known to consistently cause disease in healthy adult
humans.

* Biosafety Level 2 practices are applicable to laboratories
in which work is done with the broad spectrum of in-
digenous moderate-risk agents that are associated with
human disease; activities can be performed on the open
bench provided the potential for producing splashes or
aerosols is low.

* Biosafety Level 3 practices are applicable to laboratories
working with agents with a potential for respiratory
transmission and which may cause serious and potentially
lethal infection. All laboratory manipulations should
be performed in a biological safety cabinet or other
enclosed equipment to protect personnel and the environ-
ment from exposure to potentially infectious aerosols.

* Biosafety Level 4 practices are applicable for work with
highly dangerous agents which may be transmitted via
the aerosol route, for which there is no available vaccine
or therapy and for which specialized equipment and
facilities are required.

Consult the reference for specific recommendations on the prac-
tices, equipment and facilities of the four biosafety levels.!

IV. Storage Instructions

The majority of formulations should be stored within the
range of 2-25°C in a dry place at a distance from sources
of heat and sunlight; for a few, storage at 2-8°C is required.

Unless otherwise noted, media described in this manual
should be stored at 2-25°C.
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Dehydrated culture media are hygroscopic. When bottles of
dehydrated media have been opened for initial use, they should
be tightly closed as soon as possible to protect them from
hydration.

Provision should be made for rotating the stock of dehydrated
media to ensure product freshness, obviating the use of aged
materials, and discarding of media which is outdated.

V. Expiration Date

The expiration date applies to the products in their intact
containers when stored as directed. Do not use a product if it
fails to meet specifications for identity and performance.

VI. Product Deterioration

Verify that the physical characteristics of the powder are typical.
Hydration can lead to caking and/or microbial contamination
which render the culture medium unusable.

VIl. Specimen/Sample Collection and
Transport

The success of a microbiological isolation procedure does
not depend solely on the quality of the culture media utilized.
Proper specimen/sample collection and transport are crucial
steps in the isolation process. A variety of transport systems
and holding media have been devised to prolong the
survival of microorganisms when a significant delay is expected
between collection and definitive culturing.

Clinical Specimens

For clinical specimens, BBL™ CultureSwab™ and Port-A-Cul™
collection and transport products are available. For transport
and growth of the pathogenic Neisseria, Transgrow, Gono-Pak
and JEMBEC™* systems containing Modified Thayer-Martin
(MTM 1I), Martin-Lewis or GC-Lect™ Agars are recom-
mended. Specimens should be obtained before antimicrobial
therapy has been administered. Provision must be made for
prompt delivery to the laboratory.

The clinical laboratory must be furnished with sufficient
patient information to enable the microbiologist to select the
most suitable media and appropriate techniques. For detailed
information, appropriate references should be consulted.

* JEMBEC is a trademark of Miles Scientific.

Industrial Samples

Sterile containers should be used to collect samples. For

environmental monitoring, samples can be collected using
BD Sterile Pack Swabs.

Samples must represent the mass of the material being
examined. Samples may require special handling, includ-
ing refrigeration, to prevent the direct contamination of the
sample by microorganisms and the subsequent growth of such
contaminants during sampling, transportation and storage
before examination. For detailed information, appropriate
references should be consulted.

VIIl. Materials Provided
Dehydrated Culture Medium
Supplements and Enrichments (if applicable)

IX. Materials Required But Not Provided
Glassware

Measuring scale

pH meter

Autoclave

Purified water, pH 5.5-7.5

Water bath

Incubator

Sterile Petri dishes or tubes

Ancillary culture media, reagents and laboratory equipment
as required.

X. Procedures

Rehydration

The procedure employed for dissolving dehydrated culture
media very often determines the clarity and performance of
the finished product. Homogeneity of the solution and minimal
heat exposure are important considerations.

Prior to use, examine the dehydrated material. Caked or
discolored material should not be used for the preparation of
culture media batches.

Add the precise amount of powdered material to approximately
one-half of the volume of purified water. After thorough mix-
ing, add the remainder of the water with care being taken to
wash down the sides of the container (preferably an Erlenmeyer
flask that is at least 2-3x the volume of medium). Dissolution
is enhanced by allowing agar preparations to stand for 5 min-
utes with occasional agitation prior to boiling. Formulae that
do not contain agar, gelatin or cystine will dissolve without
heating, but heat is required to dissolve others so that they
can be dispensed and sterilized. When heating is required,
heat should be applied gently and the preparation agitated as
required to prevent scorching. However, care should be taken
to avoid media eruptions that may occur when agitating a
flask of medium which is at or very near the boiling point. Boil
as briefly as possible to obtain solution; 1 minute is usually
sufficient. Exposure for longer periods can darken the medium
and severely reduce its growth promotion properties. In no
case should powdered medium be added to water and immedi-
ately placed into an autoclave since layering and separation of
ingredients, precipitate formation and darkening are likely to
occur with diminution of performance.

Sterilization

Follow label directions for length and temperature of steriliza-
tion. The recommended sterilization times assume a volume of
one liter (1000 mL) or less. For larger volumes, the steriliza-
tion time should be extended but the temperature should not



be raised. When larger volumes are used, validation studies
should be performed to determine the optimum sterilization
cycle for each unique container size/volume combination.
Autoclave media containing carbohydrates at a temperature
not exceeding 116-118°C to avoid caramelization of the carbo-
hydrate. It is important that physical parameters of the sterilizer
and the efficacy of kill be monitored frequently through the use
of calibration instrumentation and biological indicators.

Do not autoclave media that should not be heat-sterilized.
There are numerous formulations available that can merely be
dissolved and used directly. The performance of such media
is seriously impaired by subjecting them to heat.

Adding Enrichments and Supplements

Enrichments and supplements tend to be heat sensitive. Cool
the medium to 45-55°C in a water bath prior to adding enrich-
ments or supplements. Ensure adequate mixing of the basal
medium with enrichments or supplements by swirling to mix
thoroughly.

Sterile broths may be cooled to room temperature before
adding enrichment.

pH
Commercial dehydrated culture media are designed to fall
within the specified pH range after steam sterilization.

For filter sterilization, adjust the pH, if necessary, prior to
filtering.

Measure pH at room temperature (25°C). Avoid excessive
pH adjustments.

Dispensing and Storage of Prepared Media

After sterilization, media prepared in the laboratory should be
removed from the autoclave as soon as the pressure has fallen
to zero. Hastening the opening of the autoclave before zero
pressure is reached can result in the ejection of media from the
sterilization vessels with considerable loss of contents.

For preparing plates, cool the medium to 50-55°C prior to
dispensing to reduce water evaporation. Ensure gentle mixing
during dispensing and dispense quickly. If using an automatic
plate dispenser, dispense general-purpose media before dis-
pensing selective media. Invert filled and cooled (solidified)
Petri dish bottoms over their off-set lids and allow to sit for
1-2 hours to obtain a dry surface. It is advisable to use freshly
poured plated media on the day of preparation. Alternatively,
plates should be placed in the refrigerator as soon as they
have solidified (agar side up) and several representative plates
incubated at 35 + 2°C as a sterility check. If storage of plates
is for more than several days, it is recommended that they
be wrapped in plastic or otherwise protected to prevent
moisture loss. Most media, and especially those containing
dyes or indicators, should be protected from light during
storage.

Dehydrated Culture Media, cont.

When they have cooled, tighten the caps of media that are
contained in screw-capped tubes or bottles; store all tubes and
bottles under appropriate conditions, usually at ambient room
temperature. The shelf life of some media, such as Lowenstein-
Jensen Medium, may be prolonged by refrigeration.

Prepared media that have been refrigerated should be removed
from refrigeration and equilibrated to room temperature prior
to inoculation to allow water of condensation to evaporate or
dissipate and to avoid temperature shock to the inoculum.

XI. User Quality Control

For media prepared in-house, each lot of every medium must
be tested. When qualifying a new lot of culture medium,
always test the new lot of medium in parallel with an approved
lot of medium. Quality control organisms must be maintained
appropriately and inoculum preparation should be performed
according to published guidelines (refer to the monograph
“Quality Control Organisms”). Maintain appropriate records
and report deficiencies to the manufacturer.

Comments on BD User Quality Control

In the product descriptions, the User Quality Control section
contains procedures for identity (Identity Specifications) and
performance (Cultural Response). Differences in the Identity
Specifications and Cultural Response testing for media offered
as both Difco and BBL brands may reflect differences in the
development and testing of media for industrial and clinical
applications, per the referenced publications.

For Identity Specifications, the expected appearance of the
powder, and of the solution following the addition of the
powder to purified water and boiling, when appropriate, are
indicated. The prepared (finished) medium appearance and
final pH, both determined at 25°C, are specified.

For Cultural Response, test organisms, inocula and results
are provided. Except for those media which are tested with
fresh cultures (undiluted agar or broth cultures), the number
of colony forming units (CFU) per plate is provided. Under
Recovery, growth on Difco and BBL plated media may be
reported as None, Poor (growth in quadrant one), Fair (growth
in quadrants one and two) and Good (growth in quadrants
three and four). Similar terms may be used for tubed media.
The cultures listed are the minimum that should be used for
performance testing.

For media referenced in Chapters <61> and <62> of the
recently harmonized United States Pharmacopeia, the “User
Quality Control” section contains the information required
to verify that these media were tested according to the USP,
EP and JP — for both dehydrated culture media and prepared
culture media products. In other words, the media listed under
“Availability” and identified with a staff mark (1), have been
tested and meet USP, EP and JP performance specifications
where applicable.
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Xil. Limitations of the Procedure

Detergent residues can compromise media. After washing
glassware, check for alkali or acid residue with a few drops
of bromthymol blue pH indicator (yellow is acidic; blue is
alkaline).

Quantities of media in excess of one liter may require an
extended autoclave time to achieve sterilization. Longer
sterilization cycles can cause nutrient concentration changes
and generation of inhibitory substances.

Since the nutritional requirements of organisms vary, a single
medium is rarely adequate for detecting all organisms of

potential significance in a clinical specimen or industrial
sample. The agents in selective media may inhibit some strains
of the desired species or permit growth of a species they were
designed to inhibit, especially if the species are present in large
numbers in the specimen/sample. Cultures of specimens/samples
grown on selective media should, therefore, be compared with
specimens/samples cultured on nonselective media to obtain
additional information and help ensure recovery of potential
pathogens and other significant organisms.

Xlll. Reference

1. U.S. Public Health Service, Centers for Disease Control and Prevention, and National Institutes of
Health. 2007. Biosafety in microbiological and biomedical laboratories, Sth ed. HHS Publication
No. (CDC) 93-8395. U.S. Government Printing Office, Washington, D.C.

PROBLEM A B C D E F G H OTHER CAUSES

Abnormal color of medium . o .

Incorrect pH o o o o o o o Storage at high temperature
Hydrolysis of ingredients
pH determined at wrong temperature

Atypical precipitate o o o . o o

Incomplete solubility o Inadequate heating
Inadequate convection in a too small
flask

Darkening or carmelization o . o o

Toxicity o o Burning or scorching

Trace substances (Vitamins) o Airborne or environmental sources
of vitamins

Loss of gelation property . J o e | Hydrolysis of agar due to pH shift
Not boiling medium

Loss of nutritive value or o o . J o J e | Burning or scorching

selective or differential Presence of strong electrolytes, sugar

properties solutions, detergents, antiseptics,
metallic poisons, protein materials or
other substances that may inhibit the
inoculum

Contamination o o o Improper sterilization
Poor technique in adding enrichments
and pouring plates
Not boiling agar containing medium

Key

A Deteriorated Dehydrated Medium D Incorrect Weighing G Repeated Remelting

B Improperly Washed Glassware E Incomplete Mixing H Dilution by a Too Large Inoculum

C Impure Water F Overheating
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Prepared Plated Media

l. Introduction

Since 1960, BD has been a leading manufacturer of prepared
plated media. BBL™ prepared plated media consist of BBL™, and
in some cases Difco™, dehydrated culture media prepared and
poured into disposable Petri dishes ready for immediate use.
Each lot of BBL prepared plated media is manufactured from
pretested components, and the final product is quarantined
during quality control testing.

BBL plated media primarily are supplied in easy-open packages
of twenty (20) and cartons of one hundred 100 X 15 mm-style
Stacker™ dishes, designed to interlock to minimize the hazard
of sliding stacks. Some media are supplied in packages of
10 dishes.

Prepared Stacker™ I Plate™ dishes and bi-plate dishes (with
marked halves) contain either the same medium in each side
of the dish divider or two different media for selective isolation
or differentiation of microorganisms.

The 150 x 15 mm-style dish is offered in packages of 8 or boxes
of 24 dishes containing Mueller Hinton Agar, with and without
blood, and other media for use in the standardized Bauer-Kirby
method of antimicrobial susceptibility testing.

NOTE: The catalog numbers for prepared plates listed under
“Availability” for each of the media descriptions are 100 X 15
mm-style unless another size is indicated.

Prepared Plated Media for Environmental Monitoring

BD RODAC"™ (Replicate Organism Detection and Counting) and
Contact plates are 60 mm-style plates used for surface sampling
for microbial contamination. The base of the RODAC™ plate
has inward-sloping walls and a convex bottom designed to keep
the agar bed in place during transit and use. The RODAC™ SL
(Secure Lid) has three lugs on the base, providing a tight fit
between lid and base to reduce accidental contamination.

In addition, BD Hycheck™ hygiene contact slides are used to
assess the microbiological contamination of surfaces or fluids.
Contained in a tightly sealed tube with screw cap, the double-
sided design features a hinged paddle that bends for easy sam-
pling; one paddle produces selective and nonselective results or
surface samples can be obtained from two separate sites.

BD also offers four lines of prepared sterile pack plated media
for critical environments. Because the entire double-bagged
product is subjected to a sterilizing dose of gamma irradia-
tion, the contents inside the outer bag are sterile (refer to the
monograph “Media Sterilization”). This allows the inner bag
to be aseptically removed and brought into an environmen-
tally-controlled area without introducing contaminants. A third
sterile rolled-up inner bag is included and may be employed as

a transport container from the critical environment. The four
options offered are:

e Sterile Pack RODAC™ plates for monitoring the microbial
load on impervious surfaces.

o Sterile Pack Settling Plates for air sampling; these plates
fit a variety of viable particle air sampler instruments.

e Sterile Pack Finger Dab™ Plates for sampling gloved
hands.

o Sterile Isolator Pack Plates are similar to the above except
that the multi-wrap design has been validated to protect
the medium from the vaporized hydrogen peroxide used
in the isolator decontamination cycle.

Il. Formulae
Formulae for BBL™ brand prepared plated media are included

in product inserts or the BBL™ Quality Control and Product
Information Manual for Plated and Tubed Media.

lll. Warnings and Precautions
Prepared plated media are For in vitro Diagnostic Use or For
Laboratory Use as labeled.

Directions for use should be read and followed carefully.

If excessive moisture is observed, invert the bottom over an off-
set lid and allow to air dry in order to prevent formation of a
seal between the top and bottom of the plate during incubation.

Observe aseptic techniques and established precautions against
microbiological hazards throughout all procedures, since it
must be assumed that all specimens/samples collected might
contain infectious microorganisms. After use, prepared plates,
specimen/sample containers and other contaminated materials
must be sterilized before discarding.

To minimize the risk in microbiology laboratories of working
with infectious microorganisms and specimens and samples
suspected to contain them, the United States Department
of Health and Human Services has published guidelines for
handling these agents and materials.! The guidelines describe
four biosafety levels, some of which are mentioned in this
manual in association with specific microorganisms:

e Biosafety Level 1 is applicable when work is done with
defined and characterized strains of viable organisms
not known to consistently cause disease in healthy adult
humans.

* Biosafety Level 2 practices are applicable to laboratories
in which work is done with the broad spectrum of
indigenous moderate-risk agents that are associated with
human disease; activities can be performed on the open
bench provided the potential for producing splashes or
aerosols is low.
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¢ Biosafety Level 3 practices are applicable to laboratories
working with agents with a potential for respiratory
transmission and which may cause serious and potential
lethal infection. All laboratory manipulations should be
performed in a biological safety cabinet or other enclosed
equipment to protect personnel and the environment from
exposure to potentially infectious aerosols.

¢ Biosafety Level 4 practices are applicable for work with
highly dangerous agents which may be transmitted via
the aerosol route, for which there is no available vaccine
or therapy and for which specialized equipment and
facilities are required.

Consult the reference for specific recommendations on the prac-
tices, equipment and facilities of the four biosafety levels.!

IV. Storage Instructions

On receipt, store plates at 2-8°C. Freezing and overheating
must be avoided. Allow the medium to warm to room tem-
perature before inoculation. Media containing dyes should be
protected from light.

V. Expiration Date

Prepared plates stored in their original sleeve wrapping at
2-8°C until just prior to use may be inoculated up to the
expiration date and incubated for recommended incubation
times, including up to 6 weeks for mycology media and up to
8 weeks for mycobacteriology media.

VI. Product Deterioration

Do not use plates if they show evidence of microbial con-
tamination, discoloration, drying, cracking or other signs of
deterioration.

VII. Specimen/Sample Collection and
Transport

The success of a microbiological isolation procedure does
not depend solely on the quality of the culture media utilized.
Proper specimen/sample collection and transport are crucial
steps in the isolation process. A variety of transport systems
and holding media have been devised to prolong the survival
of microorganisms when a significant delay is expected
between collection and definitive culturing.

Clinical Specimens

For clinical specimens, BBL™ CultureSwab™ and Port-A-Cul™
collection and transport products are available. For transport
and growth of the pathogenic Neisseria, Transgrow, Gono-Pak
and JEMBEC™* systems containing Modified Thayer-Martin
(MTMII), Martin-Lewis or GC-Lect™ Agars are recommended.
Specimens should be obtained before antimicrobial therapy
has been administered. Provision must be made for prompt
delivery to the laboratory.

The clinical laboratory must be furnished with sufficient
patient information to enable the microbiologist to select the

most suitable media and appropriate techniques. For detailed
information, appropriate references should be consulted.

* JEMBEC is a trademark of Miles Scientific.

Industrial Samples

Sterile containers should be used to collect samples. For

environmental monitoring, samples can be collected using
BD Sterile Pack Swabs.

Samples must represent the mass of the material being
examined. Samples may require special handling, including
refrigeration, to prevent the direct contamination of the
sample by microorganisms and the subsequent growth of such
contaminants during sampling, transportation and storage
before examination. For detailed information, appropriate
references should be consulted.

VIIl. Materials Provided
Prepared plated medium

IX. Materials Required But Not Provided
Ancillary culture media, reagents and laboratory equipment
as required.

X. Procedures

Prepared plated media are ready to use with no additional
preparation required. Allow plates to warm to room tempera-
ture prior to inoculation.

For anaerobic media, plates should be reduced immediately
prior to inoculation by placing under anaerobic conditions
for 18-24 hours. An efficient and easy way to obtain suitable

anaerobic conditions is through the use of BD GasPak™ or
GasPak™ EZ anaerobic systems.

XI. User Quality Control

Quality control procedures for BBL™ brand prepared plated
media are included in product inserts or the BBL™ Quality
Control and Product Information Manual for Plated and
Tubed Media.

If a culture medium being subjected to quality-control test-
ing is a formulation to which the Clinical and Laboratory
Standards Institute (CLSI) standard, Quality Control for
Commercially Prepared Microbiological Culture Media,?
applies, American Type Culture Collection (ATCC™) control
strains specified by the document are utilized; additional
ATCC and other organism strains may be also employed. If no
standard exists for the particular medium, the organisms used
represent strains from our stock culture collection. Except
for CLSI-specified strains, cultures employed in testing proce-
dures may be added or changed from time to time as strains
are found that provide a greater challenge. Clinical isolates
are included periodically for various formulations so as to
check performance with “wild” strains.

To determine pH, bring the medium to room temperature
(25°C), transfer the medium from the plate to a beaker,



macerate and immerse the electrode. Alternatively, a pH
electrode designed for flat surfaces may be used.

XIl. Limitations of the Procedure

Some diagnostic tests may be performed with the primary plate
(e.g., BBL" CHROMagar™ media). However, a pure culture is
recommended for the majority of biochemical tests and other
identification procedures. Consult appropriate references for
further information.

Since the nutritional requirements of organisms vary, a single
medium is rarely adequate for detecting all organisms of potential
significance in a clinical specimen or industrial sample. The

Prepared Tubed, Bottled Media

agents in selective media may inhibit some strains of the
desired species or permit growth of a species they were designed
to inhibit, especially if the species are present in large numbers
in the specimen/sample. Cultures of specimens/samples grown
on selective media should, therefore, be compared with
specimens/samples cultured on nonselective media to obtain
additional information and help ensure recovery of potential
pathogens and other significant organisms.

XIIl. References
1.

U.S. Public Health Service, Centers for Disease Control and Prevention, and National Institutes of
Health. 2007. Biosafety in microbiological and biomedical laboratories, Sth ed. HHS Publication
No. (CDC) 93-8395. U.S. Government Printing Office, Washington, D.C.

2. Clinical and Laboratory Standards Institute. 2004. Approved standard: M22-A3, Quality control for
commercially prepared microbiological culture media, 3rd ed. CLSI, Wayne, Pa.

Prepared Tubed, Bottled and Mycoflask™ Media

I. Introduction

Since 1952, BD has been a leading manufacturer of pre-
pared tubed and bottled media. BBL™ prepared tubed and
bottled media consist of BBL"™ and, in some cases Difco”,
dehydrated culture media prepared and poured into a variety
of sizes ready for immediate use. Some formulations are also
supplied in Mycoflask bottles which provide a greater surface
area for inoculation. Each lot of BBL and Difco prepared
tubed, bottled and Mycoflask media is manufactured from
pretested components and the final product is quarantined
during quality control testing.

Prepared Tubed Media

BBL prepared tubed media are provided in several sizes of
glassware depending on the application of the individual culture
medium. Catalog listings indicate the type of tube in each
instance. Dimensions of each of the tubes are shown below.

A tube size 20 x 148 mm with cap
C tube size 20 X 112 mm with cap
D tube size 16.5 x 128 mm with cap
K tube size 16 X 102 mm with cap

Tubes are borosilicate glass with black screw caps securely
fitted to prevent loss of moisture. A special resilient rubber liner
is affixed inside each cap with a unique adhesive that resists
displacement even during autoclaving. Larger-sized tubes
permit easy inoculation or streaking of media. Prepared slanted
media are supplied in tubes with optimal dimensions that
provide a large surface for inoculation. This is especially
desirable in examining specimens for the presence of Myco-
bacterium tuberculosis.

The “A” tubes containing solid media (e.g., Trypticase™ Soy
Agar), except slants, contain a quantity sufficient to pour
one plate; this is approximately 20 mL. “A” tube slants for
cultivation on the agar surface contain approximately 9 mL of
medium slanted at an angle to yield a slope of approximately
10 c¢m in length. “A” tubes containing liquid culture medium

such as Fluid Thioglycollate Medium, unless otherwise noted,
are filled to contain approximately 20 mL.

The “C” tube is used primarily for cultivation of fungi and
mycobacteria.

The “D” tube is utilized for certain general-purpose and
special-purpose media. These are filled usually with approxi-
mately 10 mL of medium. When filled with differential agars,
such as TSI Agar, approximately 7 mL are used to produce
the characteristic long butt with short slant needed for these
special-purpose media.

The “K” tube provides the convenience of a wide mouth with
vertical shelf space-saving. Unless otherwise noted, slants
contain approximately 4 mL, slants with butts approximately
6 mL and broths approximately 5-8 mL.

Media are available in packages of 10 and cartons of 100 tubes
to meet the volume needs of various users.

Prepared Bottled Media

BBL and Difco prepared bottled media are available in a
variety of sizes and closures. Color-coded caps are used for easy
product identification and transparent labels allow clear view
of media and cultures. In addition, for sterility testing, we now
offer Sterile Pack bottles in two formulations: Tryptic Soy Broth
and Fluid Thioglycollate Medium. Sterile Pack Bottles, which
are validated sterile at a Sterility Assurance Level (SAL) of 10,
are terminally sterilized inside of autoclavable double-bags,
resulting in a bottle exterior that is free from environmental
contaminants and particulate matter. Bottled media products
conform to the United States Pharmacopeia, European Phar-
macopoeia and Japanese Pharmacopoeia requirements, as
applicable.

BBL and Difco prepared bottled media are supplied in pack-
ages of 10 in a variety of fill volumes.

Mycoflask Bottles

Mycoflask media are disposable, ready-to-use BBL culture
media prepared in the special Mycoflask bottle. A limited
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variety of media for isolation and cultivation of tubercle
bacilli and fungi is offered. The Mycoflask bottle’s special
features include:

¢ A deep offset well to contain a deep culture bed

e Surface area of 5.4 cm? for cultivation

¢ Horizontal incubation to flood agar surface with inoculum

¢ Flat-sided bottle which keeps bottle stable, reduces
chances of breakage

Tightly fitted screw caps which prevent the loss of moisture
even when incubation is extended to 8 weeks or more

Mycoflask media are packaged in specially designed trays for
ease in handling and incubation; these Unit Boxes contain
10 bottles. The Shelf-Pack contains 10 Unit Boxes (10 X 10
bottles).

Il. Formulae

Formulae for BBL and Difco brands of prepared tubed, bottled
and Mycoflask media are included in product inserts or the
BBL™ Quality Control and Product Information Manual for
Plated and Tubed Media or on product carton labels (bottled
media).

lll. Warnings and Precautions
These media are For in vitro Diagnostic Use or For Labora-
tory Use as labeled.

Directions for use should be read and followed carefully.

Care should be exercised in opening tubes and bottles with
tight caps to avoid injury due to breakage of glass.

Observe aseptic techniques and established precautions against
microbiological hazards throughout all procedures, since it
must be assumed that all specimens/samples collected might
contain infectious microorganisms. The use of a biohazard
cabinet is recommended when working with pure cultures and
specimens/samples suspected to contain fungi or mycobacteria.
After use, prepared tubes, bottles or Mycoflask bottles, speci-
men/sample containers and other contaminated materials must
be sterilized before discarding.

To minimize the risk in microbiology laboratories of working
with infectious microorganisms and specimens and samples
suspected to contain them, the United States Department of
Health and Human Services has published guidelines for han-
dling these agents and materials.! The guidelines describe four
biosafety levels, some of which are mentioned in this manual
in association with specific microorganisms:

¢ Biosafety Level 1 is applicable when work is done with
defined and characterized strains of viable organisms
not known to consistently cause disease in healthy adult
humans.

* Biosafety Level 2 practices are applicable to laborato-
ries in which work is done with the broad spectrum
of indigenous moderate-risk agents that are associated
with human disease; activities can be performed on the

open bench provided the potential for producing splashes
or aerosols is low.

¢ Biosafety Level 3 practices are applicable to laboratories
working with agents with a potential for respiratory
transmission and which may cause serious and potential
lethal infection. All laboratory manipulations should be
performed in a biological safety cabinet or other enclosed
equipment to protect personnel and the environment from
exposure to potentially infectious aerosols.

¢ Biosafety Level 4 practices are applicable for work with
highly dangerous agents which may be transmitted via
the aerosol route, for which there is no available vaccine
or therapy and for which specialized equipment and
facilities are required.

Consult the reference for specific recommendations on the
practices, equipment and facilities of the four biosafety levels.!

IV. Storage Instructions

On receipt, media should be stored according to label instruc-
tions. Freezing and overheating must be avoided. Allow the
medium to warm to room temperature before inoculation.

V. Expiration Date

The expiration date applies to intact tubes and bottles stored
as directed. Do not open until ready to use. Tubed and bottled
media stored as labeled until just prior to use may be inoculated
up to the expiration date and incubated for recommended
incubation times, including up to 6 weeks for mycology
media and up to 8 weeks for mycobacteriology media.

VI. Product Deterioration

Do not use tubes or bottles if they show evidence of microbial
contamination, discoloration, drying, cracking or other signs
of deterioration.

VII. Specimen/Sample Collection and
Transport

The success of a microbiological isolation procedure does
not depend solely on the quality of the culture media utilized.
Proper specimen/sample collection and transport are crucial
steps in the isolation process. A variety of transport systems
and holding media have been devised to prolong the survival
of microorganisms when a significant delay is expected
between collection and definitive culturing.

Clinical Specimens

For clinical specimens, BBL"™ CultureSwab™ and Port-A-Cul™
collection and transport products are available. For transport
and growth of the pathogenic Neisseria, Transgrow, Gono-Pak
and JEMBEC™* systems containing Modified Thayer-Martin
(MTMII), Martin-Lewis or GC-Lect™ Agars are recommended.
Specimens should be obtained before antimicrobial therapy
has been administered. Provision must be made for prompt
delivery to the laboratory.



The clinical laboratory must be furnished with sufficient
patient information to enable the microbiologist to select the
most suitable media and appropriate techniques. For detailed
information, appropriate references should be consulted.

* JEMBEC is a trademark of Miles Scientific.

Industrial Samples

Sterile containers should be used to collect samples. For
environmental monitoring, samples can be collected using
BD Sterile Pack Swabs.

Samples must represent the mass of the material being
examined. Samples may require special handling, including
refrigeration, to prevent the direct contamination of the
sample by microorganisms and the subsequent growth of such
contaminants during sampling, transportation and storage before
examination. For detailed information, appropriate references
should be consulted.

VIIl. Materials Provided
Prepared tubed or bottled medium.

IX. Materials Required But Not Provided
Ancillary culture media, reagents and laboratory equipment
as required.

X. Procedures

In some tubes, the agar may become distorted during ship-
ment (e.g., semisolid formulations used for motility studies).
Additionally, media (including all thioglycollate-containing
media) may become oxidized within the tube or bottle during
shipment. These can be restored to their proper condition by
bringing to 100°C in a boiling water bath and resolidifying
in the appropriate position; screw caps should be slightly
loosened prior to boiling. The boiling also serves to reduce
media intended for the cultivation of anaerobic organisms;
caps should be tightened during cooling to room temperature.
Consult product label for specific instructions.

Tubed media in deeps (pour tubes) must be boiled, cooled to
45-50°C, poured into sterile Petri dishes and allowed to harden
for a minimum of 30 minutes prior to use.

NOTE: Use of a microwave oven to melt tubed and bottled
media is not recommended.

Cultures requiring prolonged incubation, for example, myco-
bacteria and fungi, should be incubated with caps tightly closed
to prevent dehydration and consequent inhibition of growth.

The United States Pharmacopeia requires that Fluid
Thioglycollate Medium and Soybean-Casein Digest Medium
(Tryptic Soy Broth and Trypticase™ Soy Broth) be incubated
under aerobic conditions. Aerobic conditions can be main-
tained during incubation by insertion of a venting needle that
is left in place during incubation or by incubating the tubes
or bottles with the caps slightly loosened.

Prepared Tubed, Bottled Media, cont.

XI. User Quality Control
Quality control procedures for BBL™ brand prepared tubed
and Mycoflask media are included in product inserts or the

BBL™ Quality Control and Product Information Manual for
Plated and Tubed Media.

If a culture medium being subjected to quality-control testing
is a formulation to which the Clinical and Laboratory Standards
Institute (CLSI) standard, Quality Control for Commercially
Prepared Microbiological Culture Media,* applies, American
Type Culture Collection (ATCC™) control strains specified by
the document are utilized; additional ATCC and other organ-
ism strains may be also employed. If no standard exists for the
particular medium, the organisms used represent strains from
our stock culture collection. Except for CLSI-specified strains,
cultures employed in testing procedures may be added or
changed from time to time as strains are found that provide
a greater challenge. Clinical isolates are included periodically
for various formulations so as to check performance with
“wild” strains.

An uninoculated tube of medium always should be incubated
with the inoculated tubes for purposes of comparison (e.g.,
color changes, turbidity) following the incubation period. This
procedure should be adopted both for quality control and test
specimen evaluations.

A single electrode of sufficiently small size to fit into the tubes
should be used to determine the pH potentiometrically of
tubed and Mycoflask media. The tip of the electrode should
be placed below the surface of broth media, and positioned
in the central portion of the agar mass in semisolid or solid
media. Warm all media to room temperature (25°C) prior to
measuring pH.

Xil. Limitations of the Procedure
Some diagnostic tests may be performed with the primary
culture. However, a pure culture is recommended for bio-
chemical tests and other identification procedures. Consult
appropriate references for further information.

Since the nutritional requirements of organisms vary, a single
medium is rarely adequate for detecting all organisms of
potential significance in a clinical specimen or industrial
sample. The agents in selective media may inhibit some strains
of the desired species or permit growth of a species they were
designed to inhibit, especially if the species are present in
large numbers in the specimen/sample. Cultures of specimens/
samples grown on selective media should, therefore, be com-
pared with specimens/samples cultured on nonselective media
to obtain additional information and help ensure recovery of
potential pathogens and other significant organisms.

Culture media sometime contain dead organisms derived
from medium constituents, which may be visible in smears of
culture media. Other sources of dead organisms visible upon
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Gram staining include staining reagents, immersion oil, glass XIll. References

slides and the specimens llSCd for inoculation. If there iS 1. U.S. Public Health Service, Centers for Disease Control and Prevention, and National Institutes of
. L. . Health. 2007. Biosafety in microbiological and biomedical laboratories, Sth ed. HHS Publication
uncertainty about the validity of the Gram stain, the culture No. (CDC) 93-8395. U.S. Government Printing Office, Washington, D.C.
. 2. Clinical and Laboratory Standards Institute. 2004. Approved standard: M22-A3, Quality control for
ShOUId be relnCUbated fO[' another hour or two and the test commercially prepared microbiological culture media, 3rd ed. CLSI, Wayne, Pa.

repeated before a report is given.
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A-1 Medium

A-1 Medium

Intended Use
A-1 Medium is used for detecting fecal coliforms in water.

Summary and Explanation

Since the early 1900s enumeration of coliform organisms,
specifically Escherichia coli, has been used to determine water
purity. Elevated-temperature, most-probable-number (MPN)
methods are routinely used for the analysis of water and food
samples for the presence of fecal coliforms. One limiting factor
in using E. coli is the length of time required for complete iden-
tification.' A-1 Medium was formulated to hasten the recovery
of E. coli and reduce the incidence of false positive cultures.

In 1972 Andrews and Presnell developed A-1 Medium. A-1
Medium recovers E. coli from estuarine water in 24 hours instead
of 72 hours, and in greater numbers without the preenrichment
step.” Using a 3-hour preincubation step for the enumeration
of coliforms in chlorinated wastewater gave results that were
statistically comparable to those obtained in the two-step MPN
technique.’

A-1 Medium can be used in a single-step procedure for the detection
of fecal coliforms in source water, seawater, treated wastewater and
foods. Prior enrichment in a presumptive medium is not required.*
A-1 Medium conforms to standard methods for the isolation of
fecal coliforms in water and foods.*

Principles of the Procedure

Peptone provides the nitrogen, vitamins, minerals and amino
acids in A-1 Medium. Lactose is the carbon source and, in
combination with salicin, provides energy for organism growth.
Sodium chloride maintains the osmotic balance of the medium.
Triton™ X-100 is a surfactant.

*Triton is a trademark of Rohm and Haas Company.

Formula

Difco™ A-1 Medium
Approximate Formula* Per Liter
Tryptone ..o 20.0
LACOSE . 5.0
Sodium Chloride ..
Salicin..................
Triton X=T00... ...t 1.0 m

*Adjusted and/or supplemented as required to meet performance criteria.

g
g
g
g
L

Directions for Preparation from

Dehydrated Product

1. Suspend 31.5 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to com-
pletely dissolve the powder.

3. Dispense into tubes containing inverted fermentation vials.

Autoclave at 121°C for 10 minutes.

5. Test samples of the finished product for performance using
stable, typical control cultures.

>

NOTE: For 10 mL water samples, prepare double-strength
medium to ensure ingredient concentrations are not reduced
below those of the standard medium.*

User Quality Control

Identity Specifications

Difco™ A-1 Medium

Dehydrated Appearance: Light beige, lumpy.

Solution: 3.15% solution, soluble in purified water upon
boiling. Solution is light amber, opalescent
immediately after autoclaving. Upon cooling
clear, may have a flocculent precipitate.

Prepared Appearance:  Light amber, clear, may have a flocculent

precipitate.
Reaction of 3.15%
Solution at 25°C: pH6.9+0.1
Cultural Response

Difco™ A-1 Medium

Prepare the medium per label directions. Prepare tubes by placing
fermentation vials and 10 mL amounts of medium into tubes. Inoculate
and incubate at 35 + 2°C for 3 hours. Transfer tubes to a 44.5°C water
bath for 21 + 2 hours.

INOCULUM
ORGANISM ATCC" CFU RECOVERY GAS
Bacillus subtilis 6633 10° None -
Enterobacter aerogenes 13048 10 Poor to good* -
Enterococcus faecalis 19433 10° None to poor -
Escherichia coli 25922 10° Good +
Escherichia coli 13762 107 Good +
*May or may not produce gas.
=5
A -
T —
Uninoculated Escherichia coli
Tube ATCC™ 25922

with fermentation vial
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Procedure

1. Inoculate tubes of A-1 Medium as directed in standard
methods.*

2. Incubate at 35 = 0.5°C for 3 hours.

3. Transfer tubes to a water bath at 44.5 = 0.2°C and incubate
for an additional 21 = 2 hours.

4. Maintain water level in bath above level of liquid in inocu-
lated tubes.

Expected Results*’

Gas production in the inverted vial, or dissolved gas that forms
fine bubbles when slightly agitated, is a positive reaction indi-
cating the presence of fecal coliforms. Calculate fecal coliform
densities using MPN tables from standard methods.

Limitations of the Procedure

1. Fecal coliform counts are usually greater than E. coli
counts.’

2. Interpretation of test procedure using A-1 Medium requires
understanding of the microflora of the specimen.’

References

. Andrews, Diggs and Wilson. 1975. Appl. Microbiol. 29:130.

Andrews and Presnell. 1972. Appl. Microbiol. 23:521.

. Standridge and Delfino. 1981. Appl. Environ. Microbiol. 42:918.

. Eaton, Rice and Baird (ed.). 2005. Standard methods for the examination of water and wastewater,
21st ed., online. American Public Health Association, Washington, D.C.

. Downes and Ito (ed.). 2001. Compendium of methods for the microbiological examination of foods,

4th ed. American Public Health Association, Washington, D.C.
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Availability
Difco™ A-1 Medium

EN B
Cat. No. 218231 Dehydrated - 500 g

A7 Agar, Modified

Intended Use

A7 Agar, Modified is used for the cultivation, identification
and differentiation of Ureaplasma urealyticum and other
members of the genus Ureaplasma from other members of the
Mycoplasmatales.

Summary and Explanation

As knowledge and interest increased regarding the group of
organisms now known as Mycoplasma but originally referred
to as PPLOs (pleuropneumonia-like organisms), a number of
different culture media were developed to support the growth of
these unique organisms. One of these, designated A7 Agar, was
formulated by Shepard and Lunceford."” The performance of
the medium has been improved by the addition of growth
factors.

Uninoculated
Plate

The medium is particularly useful for detection and identifica-
tion of U. urealyticum in primary cultures of urine and urethral
exudates. The medium, by incorporation of a direct test for
urease in colonies of Ureaplasma, provides for a simple and rapid
differentiation of the genus from other Mycoplasmatales.

Principles of the Procedure

Mycoplasmas require a highly nutritious growth medium, which
is provided by the peptones, yeast extract, growth factors, horse
serum, dextrose, salts and constituents of BBL™ IsoVitaleX™
Enrichment in A7 Agar, Modified. The medium contains added
urea and a sensitive indicator of ammonia (manganese sulfate)
to provide differentiation by incorporation of the biochemical
principle of the direct spot test for urease in colonies of
Ureaplasma.' The presence of urease enzyme hydrolyzes urea
with the production of ammonia and resultant alkalinity, which
precipitates the metallic oxide product (MnQ,) within and on
the surface of Ureaplasma colonies.” Penicillin G is included
in the formulation to provide for inhibition of gram-positive
endogenous bacteria.**

Procedure

Using an extract from swabs, or the specimen itself, streak the
surface of the medium. Incubate plates in a moist anaerobic
atmosphere supplemented with CO, (BD GasPak™ EZ container
or equivalent system) at 35-37°C. Incubate plates for 48 hours
or longer. Examine plates for colonies of U. urealyticum with
the culture plate inverted on the microscope stage, under low
power (100%).”

Expected Results

Isolated colonies should give results consistent with those of
the quality control stains. Colonies of U. urealyticum are small
(usually 16-18 mm), dark, golden brown or deep brown with a
light background color of the medium. Species of Ureaplasma



are the only members of the Mycoplasmatales known to produce
urease, upon which the specific color reaction depends."

References

1. Shepard and Lunceford. 1976. J. Clin. Microbiol. 3:613.

2. MacFaddin. 1985. Media for isolation-cultivation-identification-maintenance of medical bacteria,
vol. 1. Williams & Wilkins, Baltimore, Md.

3. Shepard. 1983. In Razin and Tulley (ed.), Methods in mycoplasmology, vol. 1. Academic Press, Inc.,
New York, N.Y.

4. Waites and Taylor-Robinson. 1999. In Murray, Baron, Pfaller, Tenover and Yolken (ed.), Manual of
clinical microbiology, 7th ed. American Society for Microbiology, Washington, D.C.

AC Broth

Availability
BBL™ A7 Agar, Modified

Cat. No. 292211 Prepared Plates (60 x 15 mm-style) — Pkg. of 10*
*Store at 2-8°C.

AC Broth

Intended Use

AC Broth is used for cultivating a wide variety of microorganisms
and for the sterility testing of turbid or viscous solutions and
other materials not containing mercurial preservatives.

Summary and Explanation

AC Broth possesses growth-promoting properties for a wide
variety of microorganisms. Christensen' and Malin and
Finn® reported that AC Medium does not exhibit the toxicity
shown by media containing sodium thioglycollate. Several early
studies reported on the wide variety of organisms able to grow
on AC Medium.” AC Broth is suitable for use in the detection
of obligately aerobic contaminants in biologicals and other
products. AC Broth is also useful in the isolation and cultiva-
tion of many common pathogenic and saprophytic aerobes.®
The medium can be used to test the sterility of biologicals and
solutions that do not contain mercurial preservatives. Fluid
Thioglycollate Medium should be employed for the sterility
testing of solutions containing mercurial preservatives.

User Quality Control

Identity Specifications
Difco™ AC Broth
Dehydrated Appearance:  Light tan, free-flowing, homogeneous.

Solution: 3.4% solution, soluble in purified water. Solution
is medium to dark amber, clear to very slightly
opalescent.

Prepared Appearance: Light to medium amber, clear to very slightly
opalescent.

Reaction of 3.4%

Solution at 25°C: pH7.2+02

Cultural Response

Difco™ AC Broth

Prepare the medium per label directions. Inoculate and incubate at
35 £ 2°C for 18-48 hours.

INOCULUM
ORGANISM ATCC" CFU RECOVERY
Corynebacterium
diphtheriae biotype mitis 8024 10-10° Good
Streptococcus mitis 9895 10%-10° Good
Streptococcus pneumoniae 6305 10%-10° Good
Streptococcus pyogenes 19615 10%-10° Good

Principles of the Procedure

Peptone, beef extract and malt extract provide the carbon and
nitrogen sources required for good growth of a wide variety of
organisms. Vitamins and cofactors required for growth as well
as additional sources of nitrogen and carbon are provided by
yeast extract. Dextrose is a carbon energy source. Ascorbic acid
is added to clarify the solution.

Formula

Difco™ AC Broth
Approximate Formula* Per Liter
Proteose Peptone NO. 3. . ... 20.0
Beef EXIract......oooveioees e
Yeast Extract
Malt Extract
DEXIIOSE ... .
ASCOrDIC ACI ... 0.2

*Adjusted and/or supplemented as required to meet performance criteria.

uuuuau v

Directions for Preparation from

Dehydrated Product

1. Dissolve 34 g of the powder in 1 L of purified water.

2. Autoclave at 121°C for 15 minutes.

3. Store prepared medium at 15-30°C.

4. After prolonged storage, reheat in flowing steam or a boiling
water bath for a few minutes to drive off dissolved gases.
Cool without agitation.

5. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure
See appropriate references for specific procedures.

Expected Results

Refer to appropriate references and procedures for results.

Limitation of the Procedure
When reheating prepared media to drive off dissolved gases, do
not overheat because this may result in decreased growth.
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Availability
Difco™ AC Broth
Cat. No. 231710 Dehydrated - 500 g

AK Agar #2 (Sporulating Agar)

Intended Use

AK Agar #2 (Sporulating Agar) is a culture medium for the
preparation of spore suspensions for use in procedures for the
detection of antibiotic residues in milk and dairy products.

Summary and Explanation

AK Agar #2 was devised by Arret and Kirshbaum for specific
use in the production of spores of Bacillus subtilis ATCC™
6633 for use in the Penicillin Milk Test procedure." This
medium was formerly specified in the spore preparation phase
of the American Public Health Association disc assay procedure
for the detection of sulfa drugs and antibiotics in milk.?

Principles of the Procedure

The peptones and beef extract are sources of nitrogen, sulfur,
amino acids and essential trace ingredients. Yeast extract is a
rich source of B vitamins. Dextrose is an energy source for
bacterial replication. Manganous sulfate plays an important role
in the sporulation process.

Formula

BBL™ AK Agar #2
Approximate Formula* Per Liter
Pancreatic Digest of Gelatin ..........ccccooviviiiiiii 6.0
Pancreatic Digest of Casein ........cccoocovviiiiiiiii 4.0

Yeast Extract
Beef Extract.........

QuUuuuuuau

Manganous Sulfate..........c..ccooiviiiiiiiieiecce 0.3

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 30.8 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to com-
pletely dissolve the powder.

3. Dispense and autoclave at 121°C for 15 minutes.

4. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

1. For preparation of spore suspensions for use in the FDA
procedure for the Penicillin Milk Test.'
Transfer cultures of Bacillus subtilis ATCC 6633 monthly
to fresh Seed Agar slants. Wash the growth from a fresh
slant culture with sterile physiological saline onto the surface

of a Roux bottle containing 300 mL of AK Agar #2.
Incubate the bottles for 5 days at 35 + 2°C and wash off
the resulting growth into 50 mL of sterile physiological
saline. Centrifuge the suspension and decant and discard the
supernatant fluid. Resuspend the sediment in sterile saline
and heat shock the suspension at 70°C for 30 minutes. The
resultant spore suspension can be stored for several months.
Consult the reference for the test procedure utilizing this
B. subtilis spore suspension.'

2. For preparation of spore suspension for use in the APHA

procedure for detection of sulfa drugs and antibiotics in
milk.?
Transfer cells of Bacillus megaterium ATCC 9855 by streak-
ing the entire surface of sterile AK Agar #2 contained in a
prescription (180 mL capacity) or Roux bottle. Incubate
inoculated bottles at 35 = 2°C for 48 hours. After incubation,
wash the spores and vegetative cells from the agar
surface with buffered MS (microbiologically suitable)
water. Sediment the spores and cells by centrifugation
at 5,000 X g for 15 minutes at 3°C. Store the spore suspen-
sion in buffered MS water under refrigeration. Consult the
reference for the test procedure utilizing this B. megaterium
spore suspension.’

User Quality Control

Identity Specifications

BBL™ AK Agar #2

Dehydrated Appearance: Fine, homogeneous, free of extraneous
material.

Solution: 3.08% solution, soluble in purified water
upon boiling. Solution is light to medium,

yellow to tan, clear to moderately hazy.

Light to medium, yellow to tan, clear to
moderately hazy.

Prepared Appearance:

Reaction of 3.08%
Solution at 25°C: pH 6.6 £0.2

Cultural Response

BBL™ AK Agar #2

Prepare the medium per label directions. Inoculate plates and incubate
at 35 + 2°C for 18-24 hours. Reincubate plates at 35 + 2°C and prepare
slides after 2 days (and again after 5 days for B. subtilis only).

INOCULUM SPORE

ORGANISM ATCC” CFU RECOVERY  PRODUCTION
Bacillus megaterium 9855  10%-10° Good +
Bacillus subtilis 6633  10-10° Good +



Expected Results
Suspensions containing large numbers of bacterial spores are
obtained with the use of AK Agar #2.

References

1. Arret and Kirshbaum. 1959. J. Milk Food Technol. 22:329.
2. Richardson (ed.). 1985. Standard methods for the examination of dairy products, 15th ed.
American Public Health Association. Washington, D.C.

APT Agar

Availability
BBL™ AK Agar #2 (Sporulating Agar)
Cat. No. 210912 Dehydrated - 500 g

APT Agar ¢ APT Broth

Intended Use

APT Agar is used for cultivating heterofermentative lactobacilli
and other organisms requiring high thiamine content. It is also
used for maintaining stock cultures of Weissella (Lactobacillus)
viridescens ATCC™ 12706 used in the assay of thiamine.

APT Broth is used for culturing Weissella viridescens ATCC
12706 used in the assay of thiamine. It is also used for culti-
vating heterofermentative lactobacilli and other organisms
requiring high thiamine content.

Summary and Explanation

Evans and Niven' investigated cultivating the heterofermentative
lactobacilli that cause the faded or greenish discoloration of cured
meat products, while Deibel, Evans and Niven® investigated

User Quality Control

Identity Specifications

Difco™ APT Agar

Dehydrated Appearance:  Light beige, free-flowing, homogeneous.

Solution: 6.12%, soluble in purified water upon boiling.
Solution is medium amber, clear to slightly
opalescent, may have a slight precipitate.

Prepared Appearance: Medium amber, clear to slightly opalescent, may

have a slight precipitate.
Reaction of 6.12%
Solution at 25°C:

Difco™ APT Broth

pH6.7+0.2

Dehydrated Appearance: Light tan, free-flowing, homogeneous.

Solution: 4.62%, soluble in purified water with slight
heating. Solution is opalescent when hot. After
cooling, is light to medium amber, clear to
very slightly opalescent, may have a slight
precipitate.

Prepared Appearance: Light to medium amber, clear to very slightly
opalescent without significant precipitate.

Reaction of 4.62%

Solution at 25°C: pH6.7+0.2

Cultural Response

Difco™ APT Agar or APT Broth

Prepare the medium per label directions. Inoculate and incubate at
35 + 2°C for 24-48 hours.

ORGANISM ATCC*  INOCULUM CFU  RECOVERY
Lactobacillus fermentum 9338 10%-10° Good
Weissella viridescens 12706 10%-10° Good

thiamine requiring bacteria, specifically Lactobacillus
viridescens. Their formulations led to the development of APT
Agar and APT Broth.

Historically, the lactic acid bacteria, a group of acid-producing
bacteria, included the genera Streptococcus, Leuconostoc,
Pediococcus and Lactobacillus; currently, taxonomists include
a number of additional genera (e.g., Weissella).’ These organ-
isms are widespread in nature and are associated with bacterial
spoilage of foods such as dairy, meat and vegetable products.’
One use of APT Agar and APT Broth is for cultivating these
heterofermentative lactic acid bacteria from food products.’

APT Agar and APT Broth are also used in the microbiological
assay of thiamine. In the assay, APT Agar is the maintenance
medium that preserves the viability and sensitivity of Weissella
viridescens ATCC 12706. APT Broth is used for growing Weis-
sella viridescens ATCC 12706 and preparing the inoculum.

Principles of the Procedure

APT Agar and APT Broth contain peptone as a source of carbon,
nitrogen, vitamins and minerals. Yeast extract supplies
B-complex vitamins which stimulate bacterial growth. Dextrose
is the carbohydrate. The manganese chloride, magnesium
sulfate and ferrous sulfate provide ions used in replication by
lactobacilli. Polysorbate 80 is a source of fatty acids required
by lactobacilli. Agar is the solidifying agent in APT Agar.

Formulae
Difco™ APT Agar
Approximate Formula* Per Liter

Yeast EXTract .....oooviiiii 75 g
Pancreatic Digest of Casein 125 g
DeXIIOSE ..oviiiiiii i 100 g
SOdIUM CItrate .o 50 g
Thiamine Hydrochloride g
Sodium Chloride ..........c.cccoeeee g
Dipotassium Phosphate g
Manganese Chloride g
Magnesium Sulfate .... g
Ferrous SUfate .......oociviiiiiiiiicc e 0.04 g
Polysorbate 80 ........coccviieiiiiiiiee e 02 g
AGAC 150 g

Difco™ APT Broth

Consists of the same ingredients without the agar.
*Adjusted and/or supplemented as required to meet performance criteria.




Section IlI

APT Agar, cont.

Directions for Preparation from

Dehydrated Product
Difco™ APT Agar

1. Suspend 61.2 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Autoclave at 121°C for 15 minutes. Avoid overheating.

4. Test samples of the finished product for performance using
stable, typical control cultures.

Difco™ APT Broth

1. Suspend 46.2 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Warm slightly to completely dissolve the powder.

Autoclave at 121°C for 15 minutes. Avoid overheating.

4. Test samples of the finished product for performance using
stable, typical control cultures.

Sl

Procedure
For maintaining stock cultures of Weissella viridescens ATCC
12706 prepare a stab inoculation. Prepare stock cultures in

triplicate at monthly intervals. One of the transfers is saved
for the preparation of stock cultures. The others are used
to prepare inoculum in APT Broth for assay as needed.
Following incubation at 35-37°C for 24-48 hours, store stock
cultures at 2-8°C.

Expected Results

Refer to appropriate references and procedures for results.

References

1. Evans and Niven. 1951. ]. Bacteriol. 62:599.

2. Deibel, Evans and Niven. 1957. J. Bacteriol. 74:818.

3. Hall, Ledenbach and Flowers. 2001. In Downes and Ito (ed.), Compendium of methods for the
microbiological examination of foods, 4th ed. American Public Health Association, Washington,
D.C.

Availability

Difco™ APT Agar

[USDA |

Cat. No. 265430 Dehydrated — 500 g

Difco™ APT Broth
Cat. No. 265510 Dehydrated — 500 g

Acetamide Agar

Intended Use
Acetamide Agar is used in the differentiation of nonfermentative
gram-negative bacteria, particularly Pseudomonas aeruginosa.

Summary and Explanation

Assimilation studies by Gilardi and others using basal mineral
media showed that acetamide was utilized by a wide variety
of nonfermenting organisms."” However, few organisms are
reported to deaminate acetamide.*® A variety of media
formulations have been developed to determine the ability of
various nonfermenting gram-negative organisms to deaminate
acetamide for purposes of identification.™ The formulation of
this medium is the one recommended in Standard Methods
for the Examination of Water and Wastewater.’

Principles of the Procedure

The ability to deaminate acetamide (acylamidase activity) has
been found to be most actively accomplished by P. aeruginosa,
Comamonas acidovorans, Achromobacter xylosoxidans subsp.
xylosoxidans (Alcaligenes xylosoxidans) and Alcaligenes faecalis
(odorans).® Deamination of acetamide produces ammonia
which increases the pH of the medium causing a corresponding
color change from yellow-orange to purplish-red.

Procedure

Inoculate the Acetamide Agar slant with a loopful of culture
emulsified in BBL" Trypticase™ Soy Broth. Incubate inoculated
slant at 35 = 2°C and observe daily for 4 days and again
at 7 days before discarding as negative.

Expected Results
Deamination of the acetamide is indicated by a pronounced
purplish-red color of the medium.

Complete identification requires determination of the Gram
reaction, cellular morphology, biochemical reactions, etc.
Appropriate references may be consulted for further infor-
mation.'"

Limitations of the Procedure
Some strains deaminate acetamide slowly and may require as
long as 7 days to yield a positive test result.

Only about 37% of apyocyanogenic strains of P. aeruginosa
will produce a positive reaction. Therefore, this test should
not be relied upon as a sole criterion for identification."

References

. Gilardi. 1974. Antonie van Leewenhoek. J. Microbiol. Serol. 39:229.

. Stainier, Palleroni and Doudoroff. 1966. J. Gen. Microbiol. 43:159.

. Dickett and Pedersen. 1970. Can. J. Microbiol. 16:351.

. Pickett and Pedersen. 1970. Can. J. Microbiol. 16:401.

Hedberg. 1969. Appl. Microbiol. 17:481.

. Smith and Dayton. 1972. Appl. Microbiol. 24:143.

. Buhlmann, Vischer and Bruhin. 1961. J. Bacteriol. §2:787.

. Oberhofer and Rowen. 1974. Appl. Microbiol. 28:720.

. Eaton, Rice and Baird (ed.). 2005. Standard methods for the examination of water and wastewater,
21st ed., online. American Public Health Association, Washington, D.C.

. Holt, Krieg, Sneath, Staley and Williams (ed.). 1994. Bergey’s Manual™ of determinative bacteriology,
9th ed. Williams & Wilkins, Baltimore, Md.

. Murray, Baron, Pfaller, Tenover and Yolken (ed.). 1999. Manual of clinical microbiology, 7th ed.
American Society for Microbiology, Washington, D.C.
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Availability

BBL™ Acetamide Agar
[ SMWW |

Cat. No. 221828
*Store at 2-8°C.

Prepared Slants — Pkg. of 10*



Acetate Differential Agar

Acetate Differential Agar

Intended Use
Acetate Differential Agar is used for the differentiation of
Shigella species from Escherichia coli.

Summary and Explanation

Organic acids have been used widely as an aid to the differentia-
tion of Enterobacteriaceae, usually in formulae that contained
organic nitrogen sources. Most bacteria, however, can use citrate
and acetate in the presence of organic nitrogen.

The citrate media of Koser' and Simmons® were free of organic
nitrogen and, therefore, were a true measure of citrate utiliza-
tion. In a further extension of this approach, Trabulsi and Ewing
developed Acetate Differential Agar, a chemically defined medium
utilizing sodium acetate that enables the differentiation of
Shigella spp. from E. coli, particularly anaerogenic, nonmotile
biotypes.* Their basal medium was Simmons Citrate Agar in
which sodium acetate was substituted for sodium citrate.

Principles of the Procedure

Acetate Differential Agar consists of a mixture of salts and
sodium acetate, as a sole source of carbon, in a chemically defined
medium devoid of organic nitrogen.

Typical cultures of Shigella are unable to utilize acetate and
fail to grow; therefore, the medium remains unchanged. Most
cultures of E. coli and closely related organisms grow well
within 24-48 hours, but some strains grow more slowly and a
few cannot use the acetate as a source of carbon. The blue color
of the bromthymol blue is due to the production of alkaline
products from the utilization of the sodium acetate.

Formula
Difco™ Acetate Differential Agar
Approximate Formula* Per Liter

SOdiUM ACETAe ..o 20 g
Magnesium Sulfate ... o}
Sodium Chloride ........cccooiiiiiiiinn g
Monoammonium Phosphate.............ccccoiiiiiiiins 1.0 g
Dipotassium Phosphate .........cccceoviiiiiiiiiiiiiiicee 1.0 g
Bromthymol Blue g

g

AGAT

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 29.2 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to com-
pletely dissolve the powder.

3. Dispense into tubes to allow a 10 mm butt and a 30 mm slant.

Autoclave at 121°C for 15 minutes.

5. Test samples of the finished product for performance using
stable, typical control cultures.

b

Procedure

Inoculate the agar slant surfaces with pure cultures of unknown
organisms. Incubate all tubes for up to 7 days at 35 = 2°Cin an
aerobic atmosphere.

Expected Results

Bacteria capable of utilizing acetate as the sole carbon source
will grow on the medium and produce an alkaline reaction (blue
color). For a listing of organisms capable of utilizing acetate,
consult appropriate texts.**

Limitations of the Procedure

Some strains of E. coli utilize acetate slowly or not at all and may
give a false-negative reaction. Sodium acetate is utilized as a sole
source of carbon by some biotypes of S. flexneri 4a.*

User Quality Control

Identity Specifications

Difco™ Acetate Differential Agar

Dehydrated Appearance: Medium yellowish-tan to light green, free-
flowing, homogeneous.

2.92% solution, soluble in purified water upon
boiling. Solution is emerald green, slightly
opalescent.

Emerald green to green, slightly opalescent.

Solution:

Prepared Appearance:

Reaction of 2.92%
Solution at 25°C:

pH 6.7 £ 0.1

Cultural Response

Difco™ Acetate Differential Agar

Prepare the medium per label directions. Inoculate with fresh cultures and
incubate at 35 + 2°C for 2-7 days. Acetate utilization is indicated by a color
change of the slant from green to blue.
ORGANISM ATCC" RECOVERY
25922 Good
25931

ACETATE UTILIZATION

Escherichia coli Positive (blue)

Shigella sonnei Poor to good Negative (green)

Uninoculated Escherichia coli
Tube ATCC™ 25922
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Acetate Differential Agar, cont.

References
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Availability

Difco™ Acetate Differential Agar

| BAM | H

Cat. No. 274210 Dehydrated — 500 g

BBL" Acetate Differential Agar

| BAM | H

Cat. No. 221375  Prepared Slants — Pkg. of 10

Acidicase™ Peptone

(See Casamino Acids)

Actinomyces Broth

Intended Use

Actinomyces Broth is used as a liquid medium or, with the
addition of 7 or 20 g/L of agar, as a semisolid or solid medium,
respectively, for the maintenance or cultivation of Actinomyces
species.

Summary and Explanation

Actinomyces Broth is a basic medium modified from the
Actinomyces Maintenance Medium of Pine and Watson.' It
is recommended for use in the growth and maintenance of
members of the genus Actinomyces.’

Principles of the Procedure

Actinomyces Broth contains meat infusion, peptone, yeast
extract, soluble starch, L-cysteine and dextrose, which provide
carbon, nitrogen, sulfur, vitamins and other growth factors
required for the metabolism of Actinomyces spp. The salts
provide essential minerals and electrolytes.

User Quality Control

Identity Specifications

BBL™ Actinomyces Broth

Dehydrated Appearance:  Fine, homogeneous, free of extraneous
material.

Solution: 5.7% solution, soluble in purified water.
Solution is light to medium, yellow to tan,

trace hazy to moderately hazy.

Light to medium, yellow to tan, trace hazy
to moderately hazy.

Prepared Appearance:

Reaction of 5.7%
Solution at 25°C: pH6.9+0.2
Cultural Response

BBL™ Actinomyces Broth

Prepare the medium per label directions. Inoculate and incubate anaerobi-
cally at 35 + 2°C for 7 days.

ORGANISM ATCC"  INOCULUM CFU  RESULT
Actinomyces bovis 13683 <10 Growth
Actinomyces israelii 10049 <10 Growth

Formula

BBL™ Actinomyces Broth
Approximate Formula* Per Liter
Heart Muscle, Infusion from (solids)...........cccccccccoe. 2.0
Pancreatic Digest of Casein
Yeast Extract ...
Sodium Chloride ........cc...ccooeei.
Dipotassium Phosphate.................
Monopotassium Phosphate
DEeXIrOSe .ooooiiiieieeee e
Ammonium Sulfate......................
L-Cysteine HCl ..o
Soluble Starch ...
Magnesium Sulfate ...........cc..ccee... .
Calcium Chloride ...
*Adjusted and/or supplemented as required to meet performance criteria.

ULUuuOuuuuuuouuuuuuauaua

Directions for Preparation from

Dehydrated Product

1. Dissolve 57 g of the powder in 1 L of purified water. Add
agar, 7 or 20 g/L, if a semisolid or solid medium is desired.

2. If agar is added, heat with frequent agitation just until
solution occurs.

3. Dispense and autoclave at 121°C for 10 minutes.

4. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

Inoculate Actinomyces cultures into tubes containing broth,
semisolid or solid media. The semisolid medium should be stab-
inoculated and the slanted medium should be inoculated over
its entire surface.

Incubate cultures at 35 = 2°C in an anaerobic atmosphere
(BD GasPak™ EZ anaerobic system, or alternative system for
the cultivation of anaerobic microorganisms).

Expected Results

After growth is obtained, tubes containing broth may be frozen
for long-term storage. Cultures grown in the semisolid medium
can be refrigerated after growth has been obtained. Agar slant
cultures are for use in a relatively short period of time.



Actinomycete Isolation Agar A

References

1. Pine and Watson. 1959. J. Lab. Clin. Med. 54:107.
2. Ajello, Georg, Kaplan and Kaufman. 1963. CDC laboratory manual for medical mycology. PHS
Publication No. 994. U.S. Government Printing Office, Washington, D.C.

Availability
BBL™ Actinomyces Broth
Cat. No. 210920 Dehydrated — 500 g

Actinomycete Isolation Agar

Glycerol

Intended Use
Actinomycete Isolation Agar is used with added glycerol for
isolating and cultivating actinomycetes from soil and water.

Glycerol is used in preparing microbiological culture media.

Summary and Explanation

Although some genera are important to human medicine, most
of the actinomycetes are part of the indigenous flora of soil,
water and vegetation. Actinomycetes may impart a musty odor
to water or a muddy flavor to fish.! Actinomycetes can cause
massive growths which will form a thick foam in the activated
sludge process, causing a disruption in wastewater treatment.>
Actinomycetes are gram-positive, acid-fast cells, growing as
filaments that may branch and may form irregularly shaped
rods and cocci.

Olsen* formulated Actinomycete Isolation Agar for isolating
and cultivating actinomycetes from soil and water. The formula
is supplemented with glycerol, a highly purified fermentable
alcohol used occasionally for differentiating certain bacteria and
in media for isolating and culturing fastidious bacteria.

Principles of the Procedure
Actinomycete Isolation Agar contains sodium caseinate which
is a source of nitrogen. Asparagine is an amino acid and a

User Quality Control

Identity Specifications
Difco™ Actinomycete Isolation Agar
Dehydrated Appearance:  Light beige, free-flowing, homogeneous.

Solution: 2.2% solution, soluble in purified water upon
boiling with 0.5% Glycerol. Solution is light
to medium amber, opalescent to opaque with
precipitation.

Prepared Appearance: Medium amber, opalescent.

Reaction of 2.2%
Solution with 0.5%

Glycerol at 25°C: pH8.1+0.2

Cultural Response

Difco™ Actinomycete Isolation Agar

Prepare the medium per label directions. Inoculate and incubate at
30 + 2°C for up to 72 hours.

INOCULUM
CFU RECOVERY

10%-10° Good
10-10° Good
10%-10° Good

ORGANISM ATCC"

Streptomyces achromogenes 12767
Streptomyces albus 3004
Streptomyces lavendulae 8664

source of organic nitrogen. Sodium propionate is a substrate
used in anaerobic fermentation. Dipotassium phosphate pro-
vides buffering capability to maintain pH balance. Magnesium
sulfate and ferrous sulfate provide sources of sulfates and
metallic ions. Agar is the solidifying agent. The added glycerol
is a source of carbon.

Formulae
Difco™ Actinomycete Isolation Agar
Approximate Formula* Per Liter
Sodium CaseiNate.......c.oooiiiiiiiiii e
ASPATAGINE ...t
Sodium Propionate ...........cccceeee
Dipotassium Phosphate
Magnesium Sulfate.........ccoooiiiiii
Ferrous Sulfate

Difco™ Glycerol

Glycerin
*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 22 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Add 5 g of Glycerol.

. Autoclave at 121°C for 15 minutes.

5. Test samples of the finished product for performance using
stable, typical control cultures.

N

Procedure
Inoculate medium and incubate at 30°C for up to 72 hours.

Expected Results

Refer to appropriate references and procedures for results.

References

1. Clesceri, Greenberg and Eaton (ed.). 1998. Standard methods for the examination of water and
wastewater, 20th ed. American Public Health Association, Washington, D.C.

2. Lechevalier. 1975. Actinomycetes of sewage-treatment plants. Environ. Protection Technol. Ser.,
EPA-600/2-75-031, U. S. Environmental Protection Agency, Cincinnati, Ohio.

3. Lechevalier and Lechevalier. 1974. Int. J. Syst. Bacteriol. 24:278.

4. Olsen. 1960. Personal communication.

Availability
Difco™ Actinomycete Isolation Agar
Cat. No. 212168 Dehydrated — 500 g

Difco™ Glycerol

Cat. No. 228210 Bottle—100g
228220 Bottle-500g
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Agars

Agars

Bacto™ Agar ¢ Agar, Grade A ¢ Agar, Granulated
Agar, Technical e Agar, Noble ¢ Agarose ¢ Agar, Select

Intended Use

Bacto™ Agar is a solidifying agent in which extraneous matter,
pigmented portions and salts have been reduced to a minimum.
Bacto Agar is used in preparing microbiological culture media.

Agar, Grade A is a high-grade agar, specially processed for
microbiological purposes. It is routinely used as a solidifying
agent in microbiological media.

Agar, Granulated is a solidifying agent used in preparing
microbiological culture media.

Agar, Technical is a solidifying agent used in preparing
microbiological culture media. Although Agar, Technical has
wider quality control parameters than other bacteriological
agars, solubility, gelation temperature and solidity are carefully
monitored to permit its use.

Agar, Noble is a solidifying agent that is essentially free of
impurities. It is used in electrophoretic and nutritional procedures
and in preparing microbiological culture media when
increased purity is required.

Agarose is a complex galactose polysaccharide of near neutral
charge. It is specially prepared and is intended mainly for use
in gel electrophoresis.

Agar, Select is recommended for molecular genetics testing.

Summary and Explanation

Agar is a phycocolloid extracted from a group of red-purple
marine algae (Class Rhodophyceae) including Gelidium,
Pterocladia and Gracilaria. Gelidium is the preferred source for
agars. Impurities, debris, minerals and pigment are reduced to
specified levels during manufacture.

Agar was first suggested for microbiological purposes in
1881 by Fannie Hesse."” By the early 1900s, agar became the
gelling agent of choice over gelatin because agar remains firm
at growth temperatures for many pathogens. Agar is also
generally resistant to a breakdown by bacterial enzymes. The
use of agar in microbiological media significantly contributed
to the advance of microbiology, paving the way for pure
culture isolation and study.

Agar is a gel at room temperature, remaining firm at tempera-
tures as high as 65°C.> Agar melts at approximately 85°C, a
different temperature from that at which it solidifies, 32-40°C.
This property is known as hysteresis. Agar is generally resistant
to shear forces; however, different agars may have different
gel strengths or degrees of stiffness.

Agar is typically used in a final concentration of 1-2% for
solidifying culture media. Smaller quantities (0.05-0.5%) are

used in media for motility studies (0.5% w/v) and for growth
of anaerobes (0.1%) and microaerophiles.’

The use of small amounts of agar in media for sterility testing
was recommended by Falk et al.* and has been incorporated
into Fluid Thioglycollate Medium for sterility testing by
standard procedures.’

Specifications for bacteriological grade agar include good
clarity, controlled gelation temperature, controlled melting
temperature, good diffusion characteristics, absence of toxic
bacterial inhibitors and relative absence of metabolically useful
minerals and compounds.

Principles of the Procedure

Bacto Agar is optimized for beneficial calcium and magne-
sium content. Detrimental ions such as iron and copper are
reduced. Bacto Agar is recommended for clinical applications,
auxotrophic studies, bacterial and yeast transformation
studies and bacterial molecular genetics applications.®’

Grade A Agar is a select grade of agar containing essential
minerals for bacterial growth. When utilized as an ingredient,
most media formulations demonstrate improved growth and
test reactions.

Granulated Agar is qualified for culturing recombinant strains
of Escherichia coli (HB101) and Saccharomyces cerevisiae.
Agar, Granulated may be used for general bacteriological
purposes where clarity is not a strict requirement.

Technical Agar is suitable for many bacteriological applications.
This agar is not highly processed, has broader technical speci-
fications than other agars and is not recommended for growth
of fastidious organisms.

Noble Agar is extensively washed and bleached. This agar
should be used for applications where extreme clarity and high
purity are required. Noble Agar is suitable for immunodiffusion,
some electrophoretic applications, and as a substrate for
mammalian or plant tissue culture.

Agarose is the low sulfate, neutral gelling fraction of agar.
During the fractionation of agar, the agarose-portion is
separated from the highly charged polysaccharides (high
sulfate, nongelling portion), purified and dried. Because of its
method of preparation, Agarose is considerably purer than the
special kinds of agar, with respect to ionic groups, rendering
it more valuable for gel electrophoresis.® In addition to
high chemical purity, Agarose must exhibit certain physical
properties; e.g., high gel strength and high gel clarity.® The
suggested concentration for use is 0.5-1.2%.

Select Agar is a key ingredient used in molecular genetics work
for determining bacteriophage lambda titers.



Agars, cont.

User Quality Control
Identity Specifications
BACTO™ BBL" AGAR, DIFCO™ AGAR, DIFCO™ AGAR, DIFCO™ AGAR, BBL" BBL" AGAR,
AGAR GRADE A GRANULATED TECHNICAL NOBLE AGAROSE SELECT
Dehydrated Very light beige  Light to medium, Very lightto  Very light to medium ~ Whiteto ~ White to light tan, Light cream to
Appearance to light beige, yellow-cream light beige, beige, free-flowing,  off-white, homogeneous, free tan, homo-
free-flowing, to cream-tan, free-flowing, homogeneous.  free-flowing,  of extraneous  geneous, free
homogeneous homogenous, free of homogeneous homogeneous material. of extraneous
granules.  extraneous material. granules. fine granules. material.
Solution Concentration 1.5% 1.5% 1.5% 1.5% 1.5% 1.0% 1.5%
Solution Solution is very Solution is Solution is very Solution is very Solution is Solution is Solution is pale
Appearance* light amber, very  colorless to tan, light amber, very  light to medium  colorless to pale colorless. to light yellow
slightly to slightly — slightly hazy slight to slightly amber, slightly  yellow, clear to to tan, clear to
opalescent, may  (minute to small opalescent. opalescent to very slightly moderately hazy
contain a small ~ cream particles opalescent. opalescent. (minute to fine
amount of black  may be present). cream particles
particles. may be present).
pH at 25°C N/A 5.5-7.5 N/A N/A N/A 6.1-7.1 5.5-7.5
Loss on Drying (LOD) 16-20% 5-11% <20% <20% <20% <10% 5-10%
Ash® <6.5% 3.0-6.5% <6.5% <6.5% <2% <1.0% 2.0-6.5%
Calcium pg/g (ppm) 300-3,000 ppm N/A <300-2,500 ppm < 3,000 ppm <1,000 ppm N/A N/A
Magnesium pg/g (ppm) ~ 50-1,000 ppm N/A <50-1,000 ppm <1,300 ppm <400 ppm N/A N/A
Melting Point 83-89°C 80-90°C 83-89°C >85°C >85°C N/A 80-90°C
Gelation Point 32-39°C 33-38°C 32-39°C 32-39°C 32-39°C N/A 33-38°C
Agar Gel Electrophoresis N/A N/A N/A N/A Satisfactory Satisfactory N/A

*Soluble in purified water upon boiling.

Cultural Response
Prepare the agar formulation of Nutrient Broth or LB Broth, Miller by adding 1.5% agar. Inoculate with 10*-10° CFU of the indicated test organisms and incubate
at 35 + 2°C for 18-24 hours (18-72 hours for LB Broth, Miller). Record recovery.

BACTO™ DIFCO™ AGAR, DIFCO™ AGAR, DIFCO™ AGAR,*

AGAR  GRANULATED  TECHNICAL NOBLE
Nutrient Broth with:
Escherichia coli ATCC™ 25922 Good Good Good
Staphylococcus aureus ATCC™ 25923 Good Good Good
LB Broth, Miller with:
Escherichia coli ATCC™ 33694 (HB101) Good
Saccharomyces cerevisiae ATCC™ 9763 Good

*To evaluate for growth in tissue culture, prepare TC Medium 199 with 10% fetal calf serum and 0.5% Noble Agar. Adjust pH to
7.4-8.0. Inoculate tissue culture flasks with Vero cells and observe for attachment and division.

BBL™ Agar, Grade A

This product is tested for satisfactory performance as plain Trypticase™ Soy Agar. Spread plates are
inoculated in duplicate with serial dilutions of Neisseria meningitidlis (ATCC™ 13090), Streptococcus
pneumoniae (ATCC™ 6305) and Streptococcus pyogenes (ATCC™ 49117) such that one dilution
contains 30-300 CFU/mL. Plates are incubated at 35 + 2°C for 1 day with 3-5% CO,. A satisfactory
result corresponds to colony counts that are within 1.2 logs of an acceptable control lot.

BBL™ Agar, Select

This product is tested as NZC Bottom Agar and NZC Top Agar and tested for satisfactory propagation
of bacteriophage lambda Charon 30 utilizing Escherichia coli ATCC 33526 (K802). To prepare NZC
agars, add, per liter of purified water: Casitone, 10 g; Casamino Acids, 1.0 g; Sodium Chloride, Bacto™ Agar
5.0 g; Magnesium Chloride (anhydrous), 0.94 g; for NZC Bottom Agar, add 9.0 of Select Agar;

for NZC Top Agar, add 6.0 g of Select Agar.

Procedure References
See appropriate references for specific procedures using Bacto™  Hesse. 1894, Mitt a.d. Kaiserl. Gesh. Berlin 2:182.

. Hitchens and Leikind. 1939. J. Bacteriol. 37:485.
Agar’ Grade A Agar’ Granulated Agar, Technical Agar’ Noble . Selby and Selby. 1959. Agar. In Whister (ed.), Industrial gums. Academic Press Inc., New York, N.Y.
Agar, Agarose or Select Agar.

. Falk, Bucca and Simmons. 1939. J. Bacteriol. 37:121.

. United States Pharmacopeial Convention, Inc. 2008. The United States pharmacopeia 31/The
national formulary 26, Supp. 1, 8-1-08, online. United States Pharmacopeial Convention, Inc.,
Rockville, Md.

G W

6. Sambrook, Fritsch and Maniatis. 1989. Molecular cloning, a laboratory manual, 2nd ed. Cold
ExpeCted Resu Its Spring Harbor Laboratory Press, New York, N.Y.
Refer to appropriate references and procedures for results. 7. Schiest] and Geitz. 1989. Current Genetics 16:339.

8. Guiseley and Renn. 1975. Agarose: purification, properties, and biomedical applications. Marine
Colloids, Inc. Rockland, Maine.
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Typical Analyses

BACTO" BBL" AGAR, DIFCO™ AGAR, DIFCO™ AGAR, DIFCO™ AGAR, BBL™ BBL" AGAR,

AGAR GRADE A GRANULATED TECHNICAL NOBLE AGAROSE SELECT
Physical Characteristics
Concentration (%) 1.5 1.5 1.5 1.5 1.5 1.0 1.5
Ash (%) 3.6 3.0-6.5 34 4.1 1.3 <10 2.0-6.5
Clarity (NTU)* 43 <10 53 26.2 3.7 <10 N/A
Color (430 nm, adsorbance) N/A <02 N/A N/A N/A <02 N/A
Loss on Drying (%) 17.3 <10 12.2 18.2 16.0 <10 N/A
pH 6.5 5.5-7.5 6.6 6.9 5.7 6.0-7.0 5.5-7.5
Gel Strength (g/cm?) 600 600-800 560 613 700 800-1200 N/A
Gelation Point (°C) 35 35-39 35 36 35 35-39 33-38
Melting Point (°C) 88 80-90 88 88 87 80-90 80-90
Resistivity (ohms) N/A N/A N/A N/A N/A > 50,000 N/A
-m, (electrophoretic)** N/A N/A N/A N/A <0.55 <0.25 N/A
Inorganics (%)
Calcium 0.179 0.23 0.133 0.110 0.015 0.03 N/A
Chloride 0.021 N/A < 0.005 0.172 <0.050 N/A N/A
Cobalt < 0.001 N/A < 0.001 < 0.001 < 0.001 N/A N/A
Copper < 0.001 N/A < 0.001 < 0.001 <0.001 N/A N/A
Iron 0.002 < 0.0060 0.003 0.002 < 0.001 <0.0050 N/A
Lead < 0.001 N/A < 0.001 < 0.001 < 0.001 N/A N/A
Magnesium 0.068 0.10 0.041 0.093 0.002 0.01 N/A
Manganese < 0.001 N/A < 0.001 < 0.001 < 0.001 N/A N/A
Nitrate < 0.005 N/A < 0.005 < 0.005 <0.050 N/A N/A
Phosphate <0.005 0.02 0.010 0.015 <0.050 0.08 N/A
Potassium 0.121 0.03 0.079 0.124 0.022 0.015 N/A
Sodium 0.837 1.8 0.776 0.932 0.335 <0.1 N/A
Sulfate 1.778 N/A 1.710 0.367 0.663 N/A N/A
Sulfur 0.841 0.7 0.868 0.646 0.333 0.1 N/A
Tin < 0.001 N/A < 0.001 < 0.001 < 0.001 N/A N/A
Zinc < 0.001 N/A < 0.001 < 0.001 < 0.001 N/A N/A
Biological Testing (CFU/g)
Spore Count < 1,000 <20 < 1,000 4,300 < 1,000 N/A N/A
Standard Plate Count < 1,000 N/A < 1,000 2,725 < 1,000 N/A N/A

*Nephelometric turbidity units (NTU).
**Unit of relative electroendosmosis.

Availability Difco™ Agar, Technical
Bacto™ Agar Cat. No. 281230 Dehydrated - 500 g

Cat.No. 214050 Dehydrated — 100 g 281210 Dehydrated -2 kg

214010 Dehydrated — 454 g
214030 Dehydrated — 2 kg
214040 Dehydrated — 10 kg

BBL™ Agar, Grade A
Cat.No. 212304 Dehydrated —454 g

Difco™ Agar, Granulated

Cat. No. 214530 Dehydrated — 500 g
214510 Dehydrated — 2 kg
214520 Dehydrated — 10 kg

Difco™ Agar, Noble

Cat. No. 214220 Dehydrated - 100 g
214230 Dehydrated — 500 g

BBL™ Agarose

Cat. No. 212272 Dehydrated - 500 g

BBL™ Agar, Select
Cat. No. 299340 Dehydrated - 500 g

299341 Dehydrated — 5 Ib (2.3 kg)



Alkaline Peptone Water

Agar, 1.5%

Intended Use

Agar, 1.5% is used in the alternative agar-overlay method
of inoculation for antimicrobial disc diffusion susceptibility
testing. It may also be used in other microbiological procedures,
such as colony counts, that require an agar preparation free
from additives.

Summary and Explanation

The Bauer-Kirby method of antimicrobial susceptibility testing
is well standardized and accurate." However, the method for
standardizing the inoculum introduces some subjective
variability.

In 1970, Barry et al. introduced an agar-overlay procedure as
a modification of the method described by Bauer et al.” They
found that placing the discs onto a double pour plate, consist-
ing of a base layer of Mueller Hinton Agar overlaid with a thin
layer of inoculated 1.5 percent agar produced more clearly
defined zone edges for more precise zone measurements than
the Bauer-Kirby method of placing the discs directly onto
inoculated Mueller Hinton Agar. The overlay procedure
also facilitated standardization of susceptibility testing by
providing a reproducible inoculum.

Principles of the Procedure

These tubes contain bacteriological grade agar and purified
water. When liquefied, by heating to 100°C and cooling to 45
to 50°C, the agar solution is used as a suspending matrix for
bacteria that may be added to an appropriate plated medium

and allowed to solidify. This procedure provides a method of
evenly distributing an inoculum onto a plated medium.

Procedure

Because this product can be used for a variety of purposes, the
instructions will vary according to use. For details on preparing
the agar overlay for the disc diffusion technique of determining
antimicrobial susceptibility, consult appropriate references.”

Expected Results

Following incubation of the plates, zones of inhibition
surrounding the discs may be measured and compared with
published standards.*

Limitations of the Procedure
The agar overlay method is not applicable to tests with fastidi-

ous or slow-growing organisms.' The method is not described
in more recent editions of CLSI (NCCLS) standard M2.

References

1. Bauer, Kirby, Sherris and Turck. 1966. Am. J. Clin. Pathol. 45:493.

2. Barry, Garcia and Thrupp. 1970. Am. ]. Clin. Pathol. 5§3:149.

3. Barry and Thornsberry. 1985. In Lennette, Balows, Hausler and Shadomy (ed.), Manual of clinical
microbiology, 4th ed. American Society for Microbiology, Washington, D.C.

4. National Committee for Clinical Laboratory Standards. 1990. Approved standard M2-A4, Perfor-
mance standards for antimicrobial disk susceptibility tests, 4th ed. NCCLS, Villanova, Pa.

Availability
BBL"™ Agar, 1.5%

Cat. No. 297395  Prepared Tubes, 9 mL (D Tubes) — Ctn. of 100

Alkaline Peptone Water

Intended Use

Alkaline Peptone Water is an enrichment medium used for
the cultivation of Vibrio species from feces and other infected
materials.

Summary and Explanation

Clinical materials containing small numbers of Vibrio should
be inoculated into an enrichment medium prior to plating onto
a selective medium, such as TCBS Agar. Alkaline Peptone
Water is a suitable enrichment broth for this purpose."” The
relatively high pH of the medium (approximately 8.4) provides
a favorable environment for the growth of vibrios.

Alkaline Peptone Water is recommended as an enrichment
medium when analyzing food samples for Vibrio.* Standard
Methods for the Examination of Water and Wastewater recom-
mends its use as an enrichment medium for the cultivation of
Aeromonas from water samples.’

Principles of the Procedure

Enzymatic digest of casein provides amino acids and other
complex nitrogenous substances necessary to support bacterial
growth. Sodium chloride maintains osmotic equilibrium.

Procedure

Swab specimens may be inserted directly into the medium.
Material not being cultured from a swab may be transferred
directly to the medium using a sterile inoculating loop. For
fecal specimens, aseptically transfer approximately 1 g of the
sample to the medium and mix well. If the feces are received
in a preservative, transfer 2 to 3 mL of the fecal specimen to
the medium.

Incubate at 35°C for 6-12 hours. Subculture onto a selective
medium, such as TCBS Agar. Incubate subcultured plate at
35° C for 24-48 hours.
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Alkaline Peptone Water, cont.

Expected Results

Growth in tubes is indicated by turbidity compared to an
uninoculated control. Subculture growth onto selective and
nonselective media for isolation and identification.

Limitations of the Procedure

This prepared tube medium is intended to be used as an enrich-
ment medium. A pure culture is recommended for biochemical
tests and other identification procedures.

References

1. Gilligan, Janda, Karmali and Miller. 1992. Cumitech 12A, Laboratory diagnosis of bacterial diarrhea.
Coord. ed., Nolte. American Society for Microbiology, Washington, D.C.

2. Forbes, Sahm and Weissfeld. 2007. Bailey & Scott’s diagnostic microbiology, 12th ed. Mosby, Inc.,
St. Louis, Mo.

3. Isenberg and Garcia (ed.). 2004 (updated, 2007). Clinical microbiology procedures handbook, 2nd
ed. American Society for Microbiology, Washington, D.C.

4. US. Food and Drug Administration. 2001. Bacteriological analytical manual, online. AOAC Interna-
tional, Gaithersburg, Md.

5. Eaton, Rice and Baird (ed.). 2005. Standard methods for the examination of water and wastewater,
21st ed., online. American Public Health Association, Washington, D.C.

Availability
BBL™ Alkaline Peptone Water

Cat. No. 297814  Prepared Tubes, 8 mL (D Tubes) — Pkg. of 10

Amies Transport Media

(See Transport Media)

Amino Acid Assay Media

Lysine Assay Medium e Cystine Assay Medium

Intended Use
Lysine Assay Medium is used for determining lysine concentra-
tion by the microbiological assay technique.

Cystine Assay Medium is used for determining L-cystine
concentration by the microbiological assay technique.

Summary and Explanation

Amino acid assay media are prepared for use in the microbio-
logical assay of amino acids. Three types of media are used for
this purpose:

1. Maintenance Media: For carrying the stock culture to
preserve the viability and sensitivity of the test organism
for its intended purpose;

2. Inoculum Media: To condition the test culture for immediate
use;

3. Assay Media: To permit quantitation of the amino acid under
test. They contain all the factors necessary for optimal growth
of the test organism except the single essential amino acid
to be determined.

Amino Acid Assay Media are prepared according to the formula-
tions of Steel et al.' They are used in the microbiological assay
of amino acids using Pediococcus acidilactici ATCC™ 8042 as
the test organism.

Principles of the Procedure

Lysine Assay Medium and Cystine Assay Medium contain all
the factors essential for the growth of Pediococcus acidilactici
ATCC 8042, except the amino acid under assay. The addition
of the amino acid in specified increasing concentrations gives a
growth response by the test organism.

Formulae'

Difco™ Lysine Assay Medium or Cystine Assay Medium

All amino acid assay media contain the following formula.
Approximate Formula* Per Liter

DEXIIOSE ©vvvieiiiie et 50.0 g
Sodium ACetate ......oooiiiie 400 g
Ammonium Chloride..........cooiiviiiiiiieiiiccee e 6.0 g
Monopotassium Phosphate..... g
Dipotassium Phosphate........... g
Magnesium Sulfate................. g
Ferrous Sulfate.......... mg
Manganese Sulfate ... mg
Sodium Chloride ....... mg
Adenine Sulfate ...........c..c...... mg
Guanine Hydrochloride .......... mg
Uracil .o mg
Xanthine mg
Thiamine Hydrochloride ......... mg
Pyrodoxine Hydrochloride....... mg
Pyridoxamine Hydrochloride ... mg
Pyridoxal Hydrochloride.......... mg
Calcium Pantothenate............ mg
Riboflavin.........ccoooiiiin mg
Nicotinic Acid.........cc.coevvennne. mg
p-Aminobenzoic Acid............. Hg
Biotin..oooi Hg
Folic Acid ....ooovviiiiiiee ug
Glycine.....ccooiiiiiii

DL-Alanine........ccccoovviiennn.

ASPAragine.......cccoceveeeieeannenns

L-Aspartic Acid............ceveenne.

L-Proline.......cccccooviiiiiiii

DL-Serine .....cccooovvivviiiiicenn.

DL-Tryptophan ........ccccceeene. Om
L-Glutamic ACId ... 0.6

L-Histidine Hydrochloride
DL-Phenylalanine
DL-Threonine.............

3
ULUuuOUuuuouuouuouuouuouuouuouuuuuuaua

L-Tyrosine.........cc......

DL-Valing .o 0.
DL-ISOIEUCING. ... 0.5
DL-Leucing .........ccccceeeeeennnnn..

L-Arginine Hydrochloride Om
DL-Methionine ........cccooiiiieec e 0.2



User Quality Control

Identity Specifications
Difco™ Lysine Assay Medium or Cystine Assay Medium
Dehydrated Appearance:

Solution:
a slight precipitate.

Prepared Appearance:

Reaction of 5.25% Solution at 25°C:  pH 6.7 £ 0.2

Cultural Response
Difco™ Lysine Assay Medium or Cystine Assay Medium

Amino Acid Assay Media, cont.

White to off-white, homogeneous, may have a tendency to clump.
5.25% (single strength) solution, soluble in purified water upon boiling. Solution is light to medium amber, clear, may have

Single strength—Light to medium amber, clear, may have a slight precipitate

Prepare the medium per label directions. These media support the growth of Pediococcus acidilactici ATCC™ 8042 when prepared in single strength and supple-
mented with the appropriate amino acid. Lysine Assay Medium should produce a standard curve when tested with L-Lysine at 0.0 to 300 g per 10 mL. Cystine
Assay Medium should produce a standard curve when tested with L-Cystine at 0 to 50 pg per 10 mL. Incubate tubes with caps loosened at 35-37°C for 16-20

hours. Read the percent transmittance at 660 nm.

Preparation of inoculum dilution, amino acid stock and working solution.

PREPARATION OF STANDARD VOLUME OF STANDARD FINAL

INOCULUM DILUTION PREPARATION OF WORKING SOLUTION WORKING AMINO ACID

(CELL SUSPENSION + AMINO ACID STOCK SOLUTION (STOCK SOLUTION + SOLUTION CONCENTRATION
ASSAY MEDIUM TEST CULTURE STERILE 0.85% NACI) (AMINO ACID + PURIFIED H,0) PURIFIED H,0) (ML/10 ML TUBE) pG/10 ML
Lysine Assay Pediococcus acidilactici TmL+19mL L-lysine 69+ 1,000 mL 1mL+99mL 0,0.5,1,15, 0.0, 30, 60, 90, 120,
Medium ATCC™ 8042 2,25,3,4,5 150, 180, 240, 300
Cystine Assay Pediococcus acidilactici 1mL+19mL L-cystine 1g+100mL+ 1 mL 1mL+99 mL 0,0.5,1,1.5, 0.0, 5, 10, 15, 20,
Medium ATCC™ 8042 HCl heated, then cooled, 2,25,3,4,5 25, 30, 40, 50

In addition to the ingredients listed on the previous page, the
media contain per liter*:

Lysine Assay Medium

L-CYSTiNE e 0.1 g
Cystine Assay Medium
L-Lysine Hydrochloride...........coooiiiiiiiiiii 05 g

*Adjusted and/or supplemented as required to meet performance criteria.

Precautions

Great care must be taken to avoid contamination of media or
glassware in microbiological assay procedures. Extremely small
amounts of foreign material may be sufficient to give erroneous
results. Scrupulously clean glassware free from detergents and
other chemicals must be used. Glassware must be heated to
250°C for at least 1 hour to burn off any organic residues that
might be present. Take precautions to keep sterilization and
cooling conditions uniform throughout the assay.

Directions for Preparation from

Dehydrated Product

1. Suspend 10.5 g of the powder in 100 mL of purified water.

2. Heat with frequent agitation and boil for 2-3 minutes to
completely dissolve the powder.

3. Dispense in 5 mL amounts into tubes, evenly dispersing the
precipitate.

4. Add standard or test samples.

Adjust tube volume to 10 mL with purified water.

6. Autoclave at 121°C for 10 minutes.

e

add up to 1,000 mL

Procedure
Stock Culture and Inoculum

Stock cultures of Pediococcus acidilactici ATCC 8042 are
prepared by stab inoculation into tubes of Lactobacilli Agar
AOAC or Micro Assay Culture Agar. Incubate cultures at
35-37°C for 24 hours. Store stock cultures at 2-8°C. Make
transfers at monthly intervals in triplicate.

The inoculum for assay is prepared by subculturing the test
organism into 10 mL Lactobacilli Broth AOAC or Micro
Inoculum Broth. Incubate at 35-37°C for 16-24 hours. After
incubation, centrifuge the cells under aseptic conditions and
decant the liquid supernatant. Wash the cells 3 times with
10 mL sterile 0.85% NaCl solution. After the third wash,
resuspend the cells in 10 mL sterile 0.85% NaCl solution.
Dilute the 10 mL cell suspension with the appropriate amount of
sterile 0.85% NaCl solution. (See the table under User Quality
Control, Cultural Response.) One drop of the diluted inoculum
suspension is used to inoculate each of the assay tubes.

Amino Acid Solution

Prepare stock solutions of each amino acid as described in the
table under User Quality Control. Prepare the stock solutions

fresh daily.

Increasing amounts of the standard or the unknown and
sufficient purified water to give a total volume of 10 mL per
tube are added to the tubes containing 5 mL of the rehydrated
medium. The appropriate volumes of the standards and their
final concentrations are listed in the table.
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Measure the growth response turbidimetrically or titrimetrically.
Turbidimetric readings are made after incubation at 35-37°C
for 16-20 hours. Titrimetric readings are made after incubation
at 35-37°C for 72 hours.

It is essential that a standard curve be constructed each time
an assay is run. Conditions of autoclaving and temperature of
incubation that influence the standard curve readings cannot
always be duplicated.

Expected Results

1. Prepare a standard concentration response curve by plotting
the response readings against the amount of standard in each
tube, disk or cup.

2. Determine the amount of amino acid at each level of assay
solution by interpolation from the standard curve.

3. Calculate the concentration of amino acid in the sample from
the average of these values. Use only those values that do not
vary more than £10% from the average. Use the results only
if two-thirds of the values do not vary more than +10%.

Limitations of the Procedure

1. The test organism used for inoculating an assay medium must
be cultured and maintained on media recommended for this
purpose.

2. Aseptic technique should be used throughout the assay
procedure.

3. The use of altered or deficient media may cause mutants
having different nutritional requirements that will not give
a satisfactory response.

4. For successful results of these procedures, all conditions of
the assay must be followed precisely.

Reference
1. Steel, Sauberlich, Reynolds and Baumann. 1949. J. Biol. Chem. 177:533.

Availability

Difco™ Lysine Assay Medium

Cat. No. 242210 Dehydrated — 100 g*
Difco™ Cystine Assay Medium

Cat. No. 246710 Dehydrated — 100 g*
*Store at 2-8°C.

Anaerobe Broth MIC

(See Wilkins-Chalgren Agar)

Anaerobe CNA Agar with 5% Sheep Blood

Intended Use

Anaerobe CNA Agar with 5% Sheep Blood is used in a
qualitative procedure for the selective isolation of anaerobic
streptococci.

Summary and Explanation

Anaerobe CNA Agar with 5% Sheep Blood is an enriched
medium based on a modified formulation for Columbia CNA
Agar developed by Ellner et al.' It consists of Columbia
CNA Agar modified to support the growth of anaerobic gram-
positive cocci. Colistin and nalidixic acid (CNA) are incorpo-
rated to inhibit gram-negative enteric bacilli.

Principles of the Procedure

Anaerobe CNA Agar consists of Columbia Agar supplemented
with L-cysteine and dithiothreitol as reducing agents and hemin
and vitamin K to supply nutrients necessary for the cultivation
of anaerobes.”

The addition of antimicrobial agents facilitates the recovery of
anaerobic microorganisms from specimens containing mixed
flora. The incorporation of colistin and nalidixic acid enables
the selective recovery of anaerobic cocci by inhibiting gram-
negative enteric bacilli. The colistin disrupts the cell membranes
of gram-negative organisms, whereas the nalidixic acid blocks
DNA replication in susceptible gram-negative bacteria.’

The addition of defibrinated sheep blood supplies additional
nutrients.

Procedure
The medium should be reduced immediately prior to inoculation
by placing under anaerobic conditions for 6-24 hours.*

Incubate plates immediately after inoculation, with plates in
an inverted position (agar side up), under anaerobic conditions
at 35°C, or place the medium in a holding jar flushed with
oxygen-free gas(es) until a sufficient number of plates is
accumulated (no longer than 3 hours).” An efficient and easy
way to obtain suitable anaerobic conditions is through the
use of BD GasPak™ EZ anaerobic systems or an alternative
anaerobic system.

Incubate for at least 48 hours and, if no growth occurs, continue
incubation for up to 7 days.

Expected Results

In order to determine the relationship to oxygen of each colony
type, follow established procedures.** Those colony types that
prove to be obligate anaerobes can be further studied using
appropriate identification methods.”



References

. Ellner, Granato and May. 1973. Appl. Microbiol. 26:904.

. Gibbons and MacDonald. 1960. J. Bacteriol. 80:164.

. Estevez. 1984. Lab. Med. 15:258.

. Allen, Siders and Marler. 1985. In Lennette, Balows, Hausler and Shadomy (ed.), Manual of clinical
microbiology, 4th ed. American Society for Microbiology, Washington, D.C.

. Martin. 1971. Appl. Microbiol. 22:1168.

6. Mangels. 1994. In Isenberg (ed.), Clinical microbiology procedures handbook, vol. 1., supp. 1. American

Society for Microbiology, Washington, D.C.
7. Rodloff, Hillier and Moncla. 1999. In Murray, Baron, Pfaller, Tenover and Yolken (ed.), Manual of
clinical microbiology, 7th ed. American Society for Microbiology, Washington, D.C.
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Anaerobe Laked Sheep Blood

Availability

BBL™ Anaerobe CNA Agar with 5% Sheep Blood
Cat. No. 297165 Prepared Plates — Pkg. of 20*

BBL™ Anaerobe CNA Agar with 5% Sheep Blood//
Anaerobe Laked Sheep Blood KV Agar

Cat. No. 297041 Prepared I Plate™ Dishes — Pkg. of 20*
*Store at 2-8°C.

Anaerobe Laked Sheep Blood KV Agar

Intended Use
Anaerobe Laked Sheep Blood KV Agar is used in a qualitative
procedure for isolation of gram-negative anaerobic bacilli.

Summary and Explanation

Anaerobe Laked Sheep Blood KV Agar consists of an enriched
Columbia Agar Base with kanamycin and vancomycin as
selective agents for gram-negative obligate anaerobes. Laked
sheep blood stimulates pigmentation of the pigmenting
Porphyromonas-Prevotella species.

Principles of the Procedure

Anaerobe Laked Sheep Blood KV Agar consists of Columbia
Agar supplemented with L-cysteine and dithiothreitol as
reducing agents and hemin and vitamin K, to supply nutrients
necessary for the cultivation of anaerobes.'

The addition of antimicrobial agents facilitates the recovery of
anaerobic microorganisms from specimens containing mixed
flora. The kanamycin and vancomycin enable the selective
isolation of gram-negative anaerobic bacilli by inhibiting
facultatively and obligately anaerobic gram-positive bacteria.”

Laking the blood improves pigmentation of the pigmenting
Porphyromonas-Prevotella species.’ Fluorescence is visible when
the colonies are exposed to long-wave UV light.

Procedure
The medium should be reduced immediately prior to inoculation
by placing under anaerobic conditions for 6-24 hours.*

Incubate plates immediately after inoculation, with plates in
an inverted position (agar side up), under anaerobic conditions
at 35°C, or place the medium in a holding jar flushed with
oxygen-free gas(es) until a sufficient number of plates is
accumulated (no longer than 3 hours).” An efficient and easy
way to obtain suitable anaerobic conditions is through the
use of BD GasPak™ EZ anaerobic systems or an alternative
anaerobic system.

Incubate for at least 48 hours and, if no growth occurs,
continue incubation for up to 7 days.

Expected Results

Examine colonies using a dissecting microscope and with a
long-wave UV lamp to detect fluorescence. Colonies of the
pigmenting Porphyromonas-Prevotella species should fluoresce
orange to brick-red under long-wave UV light. Fluorescence is
visible before pigmentation.

In order to determine the relationship to oxygen of each colony
type, follow established procedures.*® Those colony types that
prove to be obligate anaerobes can be further studied using
appropriate identification methods.

Limitation of the Procedure
The concentration of vancomycin (7.5 mg/mL) may be inhibitory
to asaccharolytic Porphyromonas species.”

References

1. Gibbons and MacDonald. 1960. J. Bacteriol. 80:164.

2. Finegold, Miller and Posnick. 1965. Ernahrungsforschung 10:517.

3. Finegold and Citron. 1980. Iz Lennette, Balows, Hausler and Truant (ed.), Manual of clinical micro-
biology, 3rd ed. American Society for Microbiology, Washington, D.C.

4. Allen, Siders and Marler. 1985. I Lennette, Balows, Hausler and Shadomy (ed.), Manual of clinical

microbiology, 4th ed. American Society for Microbiology, Washington, D.C.

. Martin. 1971. Appl. Microbiol. 22:1168.

6. Mangels. 1994. In Isenberg (ed.), Clinical microbiology procedures handbook, vol. 1, suppl. 1. American
Society for Microbiology, Washington, D.C.

7. Jousimies-Somer, Summanen and Finegold. 1999. In Murray, Baron, Pfaller, Tenover and Yolken (ed.),
Manual of clinical microbiology, 7th ed. American Society for Microbiology, Washington, D.C.
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Availability

BBL"™ Anaerobe Laked Sheep Blood KV Agar//
Anaerobe CNA Agar with 5% Sheep Blood

Cat. No. 297041 Prepared I Plate™ Dishes — Pkg. of 20*
BBL™ Anaerobe Laked Sheep Blood KV Agar//
CDC Anaerobe 5% Sheep Blood Agar with PEA

Cat. No. 299611 Prepared I Plate™ Dishes — Pkg. of 20*
*Store at 2-8°C.
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Anaerobe Neomycin

Anaerobe Neomycin 5% Sheep Blood Agar

Intended Use

Anaerobe Neomycin 5% Sheep Blood Agar is a selective medium
used in qualitative procedures for the isolation and cultivation of
fastidious and slow-growing obligately anaerobic bacteria from
a variety of clinical and nonclinical specimens.

Summary and Explanation

Anaerobe Neomycin 5% Sheep Blood Agar consists of CDC
Anaerobe 5% Sheep Blood Agar and the selective agent,
neomycin. The CDC Anaerobe 5% Sheep Blood Agar is an
enriched, nonselective medium suitable for the isolation and
cultivation of a wide variety of obligately anaerobic gram-
negative microorganisms."” The use of an antimicrobial agent
improves the recovery of obligately anaerobic bacteria from
specimens containing mixed flora.

Principles of the Procedure

CDC Anaerobe Blood Agar consists of BBL™ Trypticase™
Soy Agar with additional agar, yeast extract, cystine, hemin
and vitamin K,. Defibrinated sheep blood is added to supply
nutrients and for the determination of hemolytic reactions and
pigmentation.

Neomycin inhibits the growth of most staphylococci and
Enterobacteriaceae.

Procedure
The medium should be reduced immediately prior to inoculation
by placing under anaerobic conditions for 6-24 hours.’

Incubate plates immediately after inoculation, with plates in
an inverted position (agar side up), under anaerobic condi-
tions at 35°C, or place the medium in a holding jar flushed

with oxygen-free gas(es) until sufficient plates are accumulated
(no longer than 3 hours)." An efficient and easy way to obtain
suitable anaerobic conditions is through the use of BD GasPak™
EZ anaerobic systems or an alternative system.

Incubate for at least 48 hours, and, if no growth occurs, con-
tinue incubation for up to 7 days. An indicator should be used
to detect anaerobiosis.

Expected Results

After at least 48 hours of incubation, the plates should show
isolated colonies in streaked areas and confluent growth in areas
of heavy inoculation.

In order to determine the relationship to oxygen of each
colony type present on anaerobic solid media, follow established
procedures.”” The colony types that prove to contain obligate
anaerobes can be further studied using appropriate identifica-
tion methods.

References

1. Dowell, Lombard, Thompson and Armfield. 1977. Media for isolation, characterization and
identification of obligately anaerobic bacteria. CDC laboratory manual. Center for Disease
Control, Atlanta, Ga.

2. Dowell and Hawkins. 1987. Laboratory methods in anaerobic bacteriology, CDC laboratory manual.
HHS Publication No. (CDC) 87-8272. Centers for Disease Control, Atlanta, Ga.

3. Allen, Siders and Marler. 1985. In Lenette, Balows, Hausler and Shadomy (ed.), Manual of clinical
microbiology, 4th ed. American Society for Microbiology, Washington, D.C.

4. Martin. 1971. Appl. Microbiol. 22:1168.

5. Mangels. 1994. In Isenberg (ed.), Clinical microbiology procedures handbook, vol. 1, suppl. 1. American
Society for Microbiology, Washington, D.C.

Availability
BBL"™ Anaerobe Neomycin 5% Sheep Blood Agar

Cat. No. 297790 Prepared Plates — Pkg. of 20*
*Store at 2-8°C.

Anaerobic Agar

Intended Use
Anaerobic Agar is used for cultivating anaerobic microorgan-
isms.

Summary and Explanation

Brewer' described a special Petri dish cover that allowed
surface growth of anaerobes and microaerophiles without
anaerobic equipment. The microorganisms were grown on
an agar-based medium having a low oxidation-reduction
potential. Anaerobic Agar is a modification of Brewer’s
original formula. This medium is suitable for standard plating
procedures used in cultivating anaerobic bacteria.™

Anaerobic bacteria cause a variety of infections in humans,
including otitis media, oral infections, endocarditis, meningitis,
wound infections following bowel surgery or trauma, and

bacteremia.” Anaerobic bacteria are the predominant flora
colonizing the skin and mucous membranes of the body.’
Anaerobes vary in their sensitivity to oxygen and nutritional
requirements.” Anaerobic bacteria lack cytochromes and thus
are unable to use oxygen as a terminal electron acceptor.’

Principles of the Procedure

Peptone provides the nitrogen, vitamins and amino acids in
Anaerobic Agar. Dextrose is a carbon source. Sodium chloride
maintains the osmotic equilibrium. Sodium thioglycollate
and sodium formaldehyde sulfoxylate are reducing agents.
Methylene blue serves as an indicator of anaerobiosis with
a blue color indicating the presence of oxygen. Agar is the
solidifying agent.



Formula
Difco™ Anaerobic Agar

Approximate Formula* Per Liter

Pancreatic Digest of Casein .........ccoooviviiiiiiiiee 200 g
Sodium Chloride g
DEXTIOSE i . g
AGAT . g
Sodium Thioglycollate ............ccceovviiiiiiiiiicice 20 g
Sodium Formaldehyde Sulfoxylate .. .10 g
Methylene BIUe ........coooiiiiiiiiiic e 2.0 mg

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from
Dehydrated Product

1.

Suspend 58 g of the powder in 1 L of purified water. Mix
thoroughly.

Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

Autoclave at 121°C for 15 minutes.

Test samples of the finished product for performance using
stable, typical control cultures.

Procedure
Standard Petri Dishes’

1.

Inoculate a properly obtained specimen onto the medium
using the pour plate technique.

Immediately incubate anaerobically at 35°C.

Examine at 24 hours if incubating plates in an anaerobic
chamber. Examine at 48 hours if incubating plates in an
anaerobic jar or anaerobic pouch.

Extended incubation may be necessary to recover some
anaerobes.

User Quality Control

Identity Specifications

Difco™ Anaerobic Agar

Dehydrated Appearance:  Light beige, free-flowing, homogeneous.

Solution: 5.8% solution, soluble in purified water upon
boiling. Solution is light amber, slightly opal-
escent when hot, changing to green when
cooled.

Prepared Appearance: Light green, slightly opalescent.

Reaction of 5.8%
Solution at 25°C: pH7.2+0.2

Cultural Response
Difco™ Anaerobic Agar

Prepare the medium per label directions. Inoculate using the pour plate
technique and incubate at 35 + 2°C under anaerobic conditions for
18-48 hours.

INOCULUM
ORGANISM ATCC" CFU RECOVERY
Bacteroides fragilis 25285 10-10° Good
Clostridium perfringens 13124 10%-10° Good

Fusobacterium mortiferum 9817 10%-10° Good

Anaerobic Agar, cont.

Brewer Anaerobic Agar Plates

1. Dispense 50-60 mL of Anaerobic Agar into a standard
Petri dish. For best results use porous tops to obtain a dry
surface.

2. Inoculate the surface of the medium by streaking; avoid the
edges of the plates.

3. Replace the standard Petri dish lid with a sterile Brewer
anaerobic Petri dish cover. The cover should not rest on
the Petri dish bottom. The inner glass ridge should seal
against the uninoculated periphery of the agar. It is essential
that the sealing ring inside the cover is in contact with the
medium. This seal must not be broken before the end of
the incubation period. A small amount of air is caught over
the surface of the medium; however, the oxygen in this
space reacts with reducing agents in the medium to form an
anaerobic environment.

4. Incubate aerobically as desired.

For a complete discussion on anaerobic and microaerophilic
bacteria from clinical specimens, refer to the appropriate
procedures outlined in the references.”” For the examination of
anaerobic bacteria in food, refer to standard methods.™

Expected Results

Refer to appropriate references and procedures for results.

Limitations of the Procedure

1. Clinical specimens must be obtained properly and trans-
ported to the laboratory in a suitable anaerobic transport
container.’

2. The microbiologist must be able to verify quality control
of the medium and determine whether the environment is
anaerobic.”

3. The microbiologist must perform aerotolerance testing on
each isolate recovered to ensure that the organism is an
anaerobe.

4. Methylene blue is toxic to some anaerobic bacteria.

References

1. Brewer. 1942. Science 95:587.

2. Isenberg (ed.). 1992. Clinical microbiology procedures handbook, vol. 1. American Society for
Microbiology, Washington, D.C.

3. Baron, Peterson and Finegold. 1994. Bailey & Scott’s diagnostic microbiology, 9th ed. Mosby-Year
Book, Inc. St. Louis, Mo.

4. Murray, Baron, Pfaller, Tenover and Yolken (ed.). 1999. Manual of clinical microbiology, 7th ed.
American Society for Microbiology, Washington, D.C.

5. Allen, Siders and Marler. 1985. In Lennette, Balows, Hausler and Shadomy (ed.). Manual of clinical

microbiology, 4th ed. American Society for Microbiology, Washington, D.C.

. Smith. 1975. The pathogenic anaerobic bacteria, 2nd ed. Charles C. Thomas, Springfield, IIl.

7. US. Food and Drug Administration. 2001. Bacteriological analytical manual, online. AOAC
International, Gaithersburg, Md.

8. Downes and Ito (ed.). 2001. Compendium of methods for the microbiological examination of foods,
4th ed. American Public Health Association, Washington, D.C.

9. Wehr and Frank (ed.). 2004. Standard methods for the examination of dairy products, 17th ed.
American Public Health Association, Washington, D.C.
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Availability
Difco™ Anaerobic Agar
Cat. No. 253610 Dehydrated — 500 g
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Antibiotic Assay Media

Antibiotic Assay Media

Antibiotic Medium 1 ¢ Antibiotic Medium 2
Antibiotic Medium 3 ¢ Antibiotic Medium 4
Antibiotic Medium 5 ¢ Antibiotic Medium 8
Antibiotic Medium 9 ¢ Antibiotic Medium 10
Antibiotic Medium 11 ¢ Antibiotic Medium 12
Antibiotic Medium 13 ¢ Antibiotic Medium 19

Intended Use
Antibiotic Assay Media are used for determining antibiotic
potency by the microbiological assay technique.'”

These media, where noted, meet United States Pharmacopeia
(USP) performance specifications.

Summary and Explanation

The activity (potency) of an antibiotic can be demonstrated
under suitable conditions by its inhibitory effect on microorgan-
isms.” Reduction in antimicrobial activity may reveal changes
not demonstrated by chemical methods.” Antibiotic assays are
performed by the cylinder plate method and the turbidimetric
“tube” assay. The cylinder plate method, first described by
Abraham et al." for the assay of penicillin, was later modified
by Foster and Woodruff® and by Schmidt and Moyer.*

Antibiotic assay media are prepared according to the speci-
fications of the USP*, European Pharmacopeia” and AOAC
International.’ The antibiotic media are identified numerically
with names assigned by Grove and Randall in Assay Methods
of Antibiotics." Antibiotic Medium 19 corresponds to the use
described in Outline of Details for Official Microbiological
Assays of Antibiotics.'

Antibiotic Medium 12 is prepared from the Grove and Randall
formula.' They recommended its use for preparing test
plates for the cylinder plate assay of the antifungal agents,
nystatin and anisomycin, using only a seed layer containing
Saccharomyces cerevisiae as the test organism. It is used for the
assay of amphotericin B.

Antibiotic Medium 1 and Antibiotic Medium 4 are used in a
cylinder plate method for detecting penicillin in nonfat dry

milk.”

The use of standardized culture media and careful control of
all test conditions are fundamental requisites in the microbio-
logical assay of antibiotics in order to achieve satisfactory test
results.

Principles of the Procedure
Cylinder Plate Assay

This method is based on the diffusion of an antibiotic solution
from a cylinder placed on the surface of an inoculated agar
medium. The diameter of a zone of inhibition after incubation
depends, in part, on the concentration or activity of the
antibiotic. This method is used in the assay of commercial
preparations of antibiotics, as well as in the quantitative deter-
mination of antibiotics in body fluids, animal feeds and other
materials.

Turbidimetric Assay

The turbidimetric method is based on the inhibition of growth
of a microbial culture in a fluid medium containing a uniform
solution of an antibiotic.” Turbidimetric determinations have
the advantage of requiring a short incubation period, providing
test results after 3 or 4 hours. However, the presence of solvents
or other inhibitory materials may influence turbidimetric
assays more markedly than cylinder plate assays. Use of this
method is appropriate only when test samples are clear.

Formulae
Difco™ Antibiotic Medium 1 (Penassay Seed Agar)
Approximate Formula* Per Liter

Beef EXLraCt. .. i viieiceiiee e 15 g
Yeast EXTract ......ooooiiiiii 30 g
Pancreatic Digest of Casein ........coovveviiciiiieiee 40 g
PEPLONE ..o 6.0 g
DEXIIOSE it 10 g
AGAE 150 g
Difco™ Antibiotic Medium 2 (Penassay Base Agar)

Approximate Formula* Per Liter

Beef EXTract......oooiiiiie i 15 g
Yeast EXTract ....oooooviiiii 30 g
PEPLONE ..o 6.0 g
AGAE e 150 g

Difco™ Antibiotic Medium 3 (Penassay Broth)
Approximate Formula* Per Liter

Beef EXLraCt. ..o it 15 g
Yeast EXTract ..o 15 g
PEPTONE .o 50 g
DEXErOSe ... 10 g
Sodium Chloride .........cooiiiiiiiicicee e 35 g
Dipotassium Phosphate..........c.ccoooiiiiiiiiiiiiic 3.68 g
Monopotassium Phosphate..............ccccooeveiiiiice 132 g



Antibiotic Assay Media, cont.

Also Known As

DIFCO™ BRAND PRODUCT NAME ALTERNATIVE DIFCO™ NAME BBL™ BRAND PRODUCT NAME USP? AOAC
Antibiotic Medium 1 Penassay Seed Agar - Medium 1 Agar Medium A
Antibiotic Medium 2 Penassay Base Agar - Medium 2 Agar Medium C
Antibiotic Medium 3 Penassay Broth Antibiotic Assay Broth Medium 3 Broth Medium A
Antibiotic Medium 4 Yeast Beef Agar - Medium 4 Agar Medium B
Antibiotic Medium 5 Streptomycin Assay Agar - Medium 5 Agar Medium E
Antibiotic Medium 8 - - Medium 8 Agar Medium D
Antibiotic Medium 9 Polymyxin Base Agar - Medium 9 -
Antibiotic Medium 10 Polymyxin Seed Agar - Medium 10 -
Antibiotic Medium 11 Neomycin Assay Agar = Medium 11 Agar Medium J
Antibiotic Medium 12 - - - -
= - Sabouraud Liquid Broth, Modified Medium 13 Broth Medium B
Antibiotic Medium 19 - - Medium 19 -
User Quality Control
Identity Specifications
DEHYDRATED PREPARED .
APPEARANCE SOLUFION APPEARANCE EHIAT[2SC
e A b Beige, 3.05% solution, soluble in purified water upon Light to medium
leco' Antibiotic homogeneous, boiling. Solution is light to medium amber, slightly | amber, slightly 6.55 £ 0.05
Medium 1 .
free-flowing. opalescent. opalescent.
e A ath Light tan, 2.55% solution, soluble in purified water upon . .
lecc? Antibiotic homogeneous, boiling. Solution is light to medium amber, very L|ght—med|um amber, 6.55 + 0.05
Medium 2 . ) h slightly opalescent.
free-flowing. slightly to slightly opalescent.
Difco™Antibiotic Tan, free-flowing, 1.75% solution, soluble in purified water upon Light to medium 704005
Medium 3 homogeneous. boiling. Solution is light to medium amber, clear. amber, clear. T
BBL™Antibiotic Assay | Fine, homogeneous, | 1.75% solution, soluble in purified water upon Pale to light,
Broth (Antibiotic free of extraneous boiling. Solution is very pale to light, yellow to tan, | yellow to tan, clear 7.0+0.2
Medium 3) material. clear to slightly hazy. to slightly hazy.
e A i it Light tan, 2.65% solution, soluble in purified water upon Light amber, very
lecc? Antibiotic free-flowing, boiling. Solution is light amber, very slightly slightly to slightly 6.55 + 0.05
Medium 4
homogeneous. opalescent. opalescent.
e A gl e Light tan, 2.55% solution, soluble in purified water upon Light to medium
lecq Antibiotic free-flowing, boiling. Solution is light to medium amber, very amber, slightly 7.9+0.1
Medium 5 ; ;
homogeneous. slightly to slightly opalescent. opalescent.
e A wih i Light tan, 2.55% solution, soluble in purified water upon Light to medium
lecq Antibiotic free-flowing, boiling. Solution is light to medium amber, very amber, slightly 5.85+ 0.05
Medium 8 ; ;
homogeneous. slightly to slightly opalescent. opalescent.
e A i i Light beige, 5.0% solution, soluble in purified water upon Light to medlum
Difco™Antibiotic ’ - B - h amber, slightly
. free-flowing, boiling. Solution is light to medium amber, slightly A 7.25 £ 0.05
Medium 9 ; e opalescent with slight
homogeneous. opalescent, may have a slight flocculent precipitate. i
flocculent precipitate.
Difco™ Antibiotic ﬁgir?% aneous 5.2% solution, soluble in purified water upon Light to medium
. nogel ’ boiling. Solution is light to medium amber, very amber, slightly 7.25+0.05
Medium 10 moist with a slightly to slightly opalescent opalescent
tendency to clump. gnty gntly op ’ P ’
e A ath Beige, 3.05% solution, soluble in purified water upon Light to medium
lecc? Antibiotic homogeneous, boiling. Solution is light to medium amber, very amber, slightly 7.95 + 0.05
Medium 11 . ) .
free-flowing. slightly to slightly opalescent. opalescent.
e A b i 6.25% solution, soluble in purified water upon Light to medium
D|fc9 Antibiotic Tan, homogeneous, boiling. Solution is light to medium amber, very amber, slightly 6.1+0.1
Medium 12 free-flowing. ; .
slightly to slightly opalescent. opalescent.
B.BL _Sabouraud Fine, homogeneous, | 3.0% solution, soluble in purified water upon Light to medium,
Liquid Broth, o e -
ipe S free of extraneous boiling. Solution is light to medium, yellow to tan, yellow to tan, 57+0.1
Modified (Antibiotic material clear to slightly haz clear to slightly haz
Medium 13) : ghtly hazy. ghtly hazy.
Difco™ Antibiotic Light tan, 60% solut|or_1, sqluble in purified water upon Medium amber,
. homogeneous, boiling. Solution is medium amber, very slightly to . 6.1+0.1
Medium 19 . ) slightly opalescent.
free-flowing. slightly opalescent.

Continued
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Antibiotic Assay Media, cont.

Cultural Response

Difco™ Antibiotic Medium 1

Difco™ Antibiotic Medium 2

Prepare the medium per label directions. Inoculate by the pour plate method
and incubate at 35 £ 2°C for 18-24 hours.

ORGANISM ATCC”

6538P

INOCULUM CFU
30-300

RECOVERY
Good

Staphylococcus aureus

Difco™ Antibiotic Medium 3

Prepare the medium per label directions. Inoculate and incubate at
35 + 2°C for up to 24 hours.

ORGANISM ATCC*  INOCULUM CFU  RECOVERY
Enterococcus faecium 10541 ~10 Good
Escherichia coli 10536 ~107 Good
Klebsiella pneumoniae 10031 ~10 Good
Staphylococcus aureus 6538P ~107 Good

BBL™ Antibiotic Assay Broth (Antibiotic Medium 3)
Prepare the medium per label directions. Inoculate and incubate at
25 + 2°C for the Saccharomyces cerevisiae and 35 + 2°C for the
remaining organisms for 7 days.

ORGANISM ATCC"  INOCULUM CFU  RECOVERY
Bacillus subtilis 6633 <10° Good
Escherichia coli 10536 <10 Good
Kocuria rhizophila 9341 <10 Good
Saccharomyces cerevisiae 9763 <10 Good
Staphylococcus aureus 6538P <10° Good

Difco™ Antibiotic Medium 4

Prepare the medium per label directions. Inoculate by the pour plate
method and incubate at 35 + 2°C for 40-48 hours.

ORGANISM
Kocuria rhizophila

ATCC
9341

INOCULUM CFU
30-300

RECOVERY
Good

Antibiotic Medium 5

Antibiotic Medium 8

Prepare the medium per label directions. Inoculate by the pour plate
method and incubate at 35 + 2°C for 18-24 hours.

ORGANISM ATCC”

6633

INOCULUM CFU
30-300

RECOVERY
Good

Bacillus subtilis

BBL™ Antibiotic Assay Broth (Antibiotic Medium 3)

Di

Di

Di

Approximate Formula* Per Liter

Beef EXTraCt.......coviiieeeeeeeee e
Yeast Extract
Pancreatic Digest of Gelatin ..
Dextrose
Sodium ChIoride .....oooiiiiiii
Dipotassium Phosphate..........ccccooveviiiiiiiiice
Monopotassium Phosphate

fco™ Antibiotic Medium 4 (Yeast Beef Agar)
Approximate Formula* Per Liter

Beef EXtract......ccccooovi e
Yeast Extract ...
Peptone.......
Dextrose ..

uuuuuuauua

uuuu

fco™ Antibiotic Medium 5 (Streptomycin Assay Agar)
Same as Medium 2, except for the final pH after autoclaving.
fco™ Antibiotic Medium 8

Same as Medium 2, except for the final pH after autoclaving.

Antibiotic Medium 9

Antibiotic Medium 10

Prepare the medium per label directions. Inoculate by the pour plate
method and incubate at 35 + 2°C for 40-48 hours.

ORGANISM ATCC"  INOCULUM CFU  RECOVERY

Bordetella bronchiseptica 4617 30-300 Good

Antibiotic Medium 11

Prepare the medium per label directions. Inoculate by the pour plate
method and incubate at 35 + 2°C for 18-48 hours.

ORGANISM ATCC*  INOCULUM CFU  RECOVERY
Kocuria rhizophila 9341 30-300 Good
Staphylococcus epidermidis 12228 30-300 Good

Antibiotic Medium 12

Antibiotic Medium 19

Prepare the medium per label directions. Inoculate by the pour plate
method and incubate at 30 + 2°C for 40-48 hours.

ORGANISM ATCC"  INOCULUM CFU RECOVERY

Saccharomyces cerevisiae 2601 30-300 Good

BBL™ Sabouraud Liquid Broth, Modified

(Antibiotic Medium 13)

Prepare the medium per label directions. Inoculate and incubate at
25 + 2°C for 7 days (use one loopful of a fresh 3-7 day culture for
A. brasiliensis and T. mentagrophytes).

ORGANISM ATCC"  INOCULUM CFU  RECOVERY
Aspergillus brasiliensis (niger) 16404 Undiluted Good
Candida albicans 60193 <10° Good
Saccharomyces cerevisiae 9763 <10 Good
Trichophyton mentagrophytes 9533 Undiluted Good

Difco™ Antibiotic Medium 9 (Polymyxin Base Agar)

Approximate Formula* Per Liter
Pancreatic Digest of Casein ........ccoccvvvviiiiiiieicee
Soy Peptone...............

Dextrose ........cccceeens

Sodium Chloride

Dipotassium Phosphate..............ccccveeviiiiiiiiiiiecee 2.
AGAE e 20.0

Difco™ Antibiotic Medium 10 (Polymyxin Seed Agar)

Approximate Formula* Per Liter

Pancreatic Digest of Casein ........ccoccvveriieiiicece 17.0
Soybean PeptoNe ........ccocviiviiieiic e 3.0
Dextrose ........cccceveens

Sodium Chloride............
Dipotassium Phosphate.
AGar e
Polysorbate 80 ........c.ccovviiiiiiiiicceeee

Difco™ Antibiotic Medium 11 (Neomycin Assay Agar)
Same as Medium 1, except for the final pH after autoclaving.

uuuuua

uuuuuuuauu



Antibiotic Assay Media, cont.

Selection of Media for the Microbiological Assay of Antibiotics?
CYLINDER PLATE  CYLINDER PLATE

INOCULUM BASE LAYER SEED LAYER  TURBIDIMETRIC

ANTIBIOTIC ASSAY METHOD ORGANISM ATCC” MEDIUM MEDIUM MEDIUM ASSAY MEDIUM
Amikacin Turbidimetric Staphylococcus aureus 29737 1 3
Amphotericin B Cylinder Plate  Saccharomyces cerevisiae 9763 19 19
Bacitracin Cylinder Plate Micrococcus luteus 10240 1 2 1
Candicidin Turbidimetric ~ Saccharomyces cerevisiae 9763 19 2 13
Capreomycin Turbidimetric Klebsiella pneumoniae 10031 1 B
Carbenicillin Cylinder Plate  Pseudomonas aeruginosa 25619 1 9 10
Cephalothin Cylinder Plate Staphylococcus aureus 29737 1 2 1
Cephapirin Cylinder Plate Staphylococcus aureus 29737 1 2 1
Chloramphenicol Turbidimetric Escherichia coli 10536 1 3
Chlortetracycline Turbidimetric Staphylococcus aureus 29737 1 3
Cloxacillin Cylinder Plate Staphylococcus aureus 29737 1 2 1
Colistimethate, sodium Cylinder Plate  Bordetella bronchiseptica 4617 1 9 10
Colistin Cylinder Plate  Bordetella bronchiseptica 4617 1 9 10
Cycloserine Turbidimetric Staphylococcus aureus 29737 1 3
Demeclyocycline Turbidimetric Staphylococcus aureus 29737 1 3
Dihydrostreptomycin Cylinder Plate Bacillus subtilis 6633 32* 5 5
Dihydrostreptomycin Turbidimetric Klebsiella pneumoniae 10031 1 3
Doxycycline Turbidimetric Staphylococcus aureus 29737 1 3
Erythromycin Cylinder Plate Kocuria rhizophila 9341 1 " "
Gentamicin Cylinder Plate  Staphylococcus epidermidis 12228 1 " "
Gramicidin Turbidimetric Enterococcus hirae 10541 3 3
Kanamycin Turbidimetric Staphylococcus aureus 29737 1 3
Methacycline Turbidimetric Staphylococcus aureus 29737 1 3
Nafcillin Cylinder Plate Staphylococcus aureus 29737 1 2 1
Neomycin Cylinder Plate  Staphylococcus epidermidis 12228 1 11 11
Neomycin Turbidimetric Klebsiella pneumoniae 10031 1 39%*
Netilmicin Cylinder Plate  Staphylococcus epidermidis 12228 1 11 11
Novobiocin Cylinder Plate  Staphylococcus epidermidis 12228 1 2 1
Nystatin Cylinder Plate  Saccharomyces cerevisiae 2601 19 19
Oxytetracycline Turbidimetric Staphylococcus aureus 29737 1 3
Paromomycin Cylinder Plate  Staphylococcus epidermidis 12228 1 " 1
Penicillin G Cylinder Plate Staphylococcus aureus 29737 1 2 1
Polymyxin B Cylinder Plate  Bordetella bronchiseptica 4617 1 9 10
Rolitetracycline Turbidimetric Staphylococcus aureus 29737 1 3
Sisomicin Cylinder Plate  Staphylococcus epidermidis 12228 1 " "
Streptomycin Turbidimetric Klebsiella pneumoniae 10031 1 3
Tetracycline Turbidimetric Staphylococcus aureus 29737 1 3
Tobramycin Turbidimetric Staphylococcus aureus 29737 1 3
Troleandomycin Turbidimetric Klebsiella pneumoniae 10031 1 3
Tylosin Turbidimetric Staphylococcus aureus 9144 3 39%*
Vancomycin Cylinder Plate Bacillus subtilis 6633 32* 8 8
* Same as Medium 1, except for the additional ingredient of 300 mg of manganese sulfate.
** Same as Medium 3, except that the final pH after autoclaving is 7.9 + 0.1.

Difco™ Antibiotic Medium 12 BBL™ Sabouraud Liquid Broth, Modified
Approximate Formula* Per Liter (Antibiotic Medium 13)
Beef EXTraCt.....cocviiiiiiiiiet e g Approximate Formula* Per Liter
Yeast EXTract ....cvioviiiiiiiic i g Pancreatic Digest of Casein ...........c.cccccoiiiiiiiiie 50 g
PEPTONE ..t g Peptic Digest of Animal TiSSU€........c.ooiviiiiiiiiiiiiie 50 g
Dextrose ........cccccceeveies g DEXIrOSE ..o 200 g
Sodium Chloride g
AGAI e g
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Antibiotic Assay Media, cont.

Difco™ Antibiotic Medium 19
Approximate Formula* Per Liter

Beef EXIraCT. .. i oveiieiitice et 24 g
Yeast EXTract ..ooovvooi 47 g
PePONe .o 94 g
DEXErOSE ... 100 g
Sodium Chloride ........ooovioiiiicicecceeceeee e 100 g
AGAI 235 g

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from
Dehydrated Product
1. Suspend the powder in 1 L of purified water:
Difco™ Antibiotic Medium 1 - 30.5 g;
Difco™ Antibiotic Medium 2 - 25.5 g;
Difco™ Antibiotic Medium 3 - 17.5 g;
BBL" Antibiotic Assay Broth
(Antibiotic Medium 3) - 17.5 g;
Difco™ Antibiotic Medium 4 - 26.5 g;
Difco™ Antibiotic Medium 5 - 25.5 g;
Difco™ Antibiotic Medium 8 —25.5 g;
Difco™ Antibiotic Medium 9 - 50 g;
Difco™ Antibiotic Medium 10 - 52 g;
Difco™ Antibiotic Medium 11 - 30.5 g;
Difco™ Antibiotic Medium 12 - 62.5 g;
BBL" Sabourand Liquid Broth, Modified
(Antibiotic Medium 13) - 30 g;
Difco™ Antibiotic Medium 19 - 60 g.
Mix thoroughly.
2. Heat with frequent agitation and boil for 1 minute to com-
pletely dissolve the powder.
3. Autoclave at 121°C for 15 minutes.
4. To raise the pH of Antibiotic Medium 11 to 8.3 = 0.1, cool
the base to 45-50°C and add NaOH.
5. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure
Test Organism Preparation

Maintain stock cultures on agar slants and make transfers
at 1- or 2-week intervals. Prepare the inoculum for assay by
washing growth from a fresh 24-48 hour agar slant using
sterile purified water, saline or Antibiotic Medium 3 and
further dilute the culture to obtain the desired organism
concentration. In some turbidimetric assays, an 18- to 24-hour
culture of the test organism in Antibiotic Medium 3, diluted to
obtain the optimal number of organisms, is used.

When Bacillus subtilis is used as the test organism, inoculate
it on Antibiotic Medium 1 and incubate at 37°C for 1 week,
wash spores from the agar surface, and heat the spores at 56°C
for 30 minutes. Wash the spores three times in purified water,
heat again at 65°C for 30 minutes, and then dilute to the
optimal concentration. This inoculum preparation should
produce a sharp zone in the assay.

Antibiotic Medium 1 modified by the addition of 300 mg
manganese sulfate (MnSO,oH,0) per liter often aids the

sporulation of B. subtilis and may be used in preparing the
spore suspension.

When B. cereus var. mycoides is required, inoculate the organism
on Antibiotic Medium 1 and incubate at 30°C for 1 week. Wash
and prepare the spores as for B. subtilis, above.

Cylinder Plate Assay

Use 20 x 100 mm glass or plastic Petri dishes with sufficient
depth so that cylinders used in the assay will not be pushed
into the medium by the cover.

Use stainless steel or porcelain assay cylinders having the
following dimensions (+ 0.1 mm): 8 mm outside diameter,
6 mm inside diameter and 10 mm long.” Carefully clean the
cylinders to remove all residues, using an occasional acid bath
(i.e., with approximately 2N nitric acid or with chromic acid).”
Four or six cylinders are generally used per plate, evenly spaced
on a 2.8 cm radius.

To assure accurate assays, work on a level surface to obtain
uniformly thick base and seed layers in the Petri dish. Allow
the base layer to solidify and then overlay the seed layer contain-
ing a proper concentration of the test organism. The amount
of medium in the layers varies for different antibiotics, with
most assays specifying a 21 mL base layer and a 4 mL seed
layer. In any case, dishes with flat bottoms are required to
assure complete coverage of the bottom of the dish when small
amounts of base medium are used. Tilt the plate to obtain even
coverage of the base layer by the seed layer and allow it
to solidify in a level position. Plates should be used the same
day as prepared.

Turbidimetric Assay

Use glass or plastic test tubes (i.e., 16 X 125 mmor 18 X 150 mm)
that are relatively uniform in length, diameter and thickness
and substantially free from surface blemishes.* Tubes that
will be placed in the spectrophotometer should be matched
and free of scratches or blemishes.* Clean the tubes thoroughly
to remove all antibiotic residues and traces of cleaning solution
and, prior to subsequent use, sterilize tubes that have been
previously used.”

Prepare working dilutions of the antibiotic reference standards
in specific concentrations. To a 1 mL quantity of each solution
in a suitable tube, add 9 mL of inoculated broth, as required.
Prepare similar solutions of the assay materials containing
approximately the same amounts of antibiotic activity and
place in tubes. Incubate the tubes for 3-4 hours at the required
temperature, generally in a water bath. At the end of the
incubation period, stop growth by adding 0.5 mL of 1:3
formalin. Determine the amount of growth by measuring light
transmittance with a suitable spectrophotometer. Determine
the concentration of the antibiotic by comparing the growth
obtained with that given by reference standard solutions.

For a complete discussion of antibiotic assay methods, refer to
appropriate procedures outlined in the references.”’



Expected Results

Refer to appropriate procedures for results.”*’
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Availability

Difco™ Antibiotic Medium 1

[EP J USP |

Cat. No. 226340 Dehydrated —500 g
Difco™ Antibiotic Medium 2

| USP |

Cat. No. 227020 Dehydrated — 500 g
Difco™ Antibiotic Medium 3

[EP JUSP |
Cat. No. 224320 Dehydrated — 500 g
224310 Dehydrated -2 kg

BBL™ Antibiotic Assay Broth (Antibiotic Medium 3)

[EP JUSP |
Cat. No. 210932 Dehydrated — 500 g

Difco™ Antibiotic Medium 4

[ USDA JUSP |
Cat. No. 224410 Dehydrated — 500 g

Arylsulfatase Broth

Difco™ Antibiotic Medium 5
{USDA J] USP |

Cat. No. 227710 Dehydrated — 500 g
Difco™ Antibiotic Medium 8
[USDA ] USP |

Cat. No. 266710 Dehydrated — 500 g

Difco™ Antibiotic Medium 9

[ EPJ USP |

Cat. No. 246210 Dehydrated - 500 g
Difco™ Antibiotic Medium 10

[ EP J USP |

Cat. No. 246310 Dehydrated — 500 g*

Difco™ Antibiotic Medium 11

{USDA J USP |
Cat. No. 259310 Dehydrated — 500 g

Difco™ Antibiotic Medium 12
Cat. No. 266910 Dehydrated — 500 g

BBL™ Sabouraud Liquid Broth Modified
(Antibiotic Medium 13)

USP |
Cat. No. 210986 Dehydrated — 500 g

221014  Prepared Tubes (K Tubes) — Pkg. of 10
Difco™ Antibiotic Medium 19

[ EPJ USP |

Cat. No. 243100 Dehydrated — 500 g

Europe

Cat. No. 254655 Prepared Bottles, 250 mL — Pkg. of 10

*Store at 2-8°C.

Arylsulfatase Broth (0.001 M and 0.003 M)

Intended Use

Arylsulfatase Broths are chemically-defined media used in
the differentiation of pathogenic mycobacteria based on their
ability to produce arylsulfatase.

The 0.001 M Arylsulfatase Broth is used in a 3-day test to
detect arylsulfatase activity in rapidly-growing mycobacteria.
The 0.003 M Arylsulfatase Broth is used in a 14-day test for the
detection of arylsulfatase in slow-growing mycobacteria.

Summary and Explanation

Arylsulfatase is produced by many mycobacterial species in
varying concentrations.” The ability to produce a detectable
level of arylsulfatase is a biochemical characteristic used in the
differentiation of some Mycobacterium spp.*”

The test is performed by inoculating a broth containing
tripotassium phenolphthalein disulfate with a Mycobacterium
isolate. If arylsulfatase is produced, it splits the phenolphthalein
substrate, releasing free phenolphthalein, which turns pink to
red when alkali is added to the medium.

The 0.001 M broth is used for rapidly-growing arylsulfatase
producers, such as M. fortuitum and M. chelonae.

The 0.003 M broth is used for slow-growing mycobacteria
such as M. flavescens, M. marinum, M. smegmatis, M. szulgai,
M. trivale and M. xenopi.

Principles of the Procedure

Arylsulfatase Broth consists of Middlebrook 7H9 Broth
supplemented with tripotassium phenolphthalein disulfate.
Middlebrook 7H9 Broth is composed of inorganic compounds
and albumin-dextrose enrichment to supply minerals and other
nutrients necessary to support the growth of mycobacteria.

Tripotassium phenolphthalein disulfate is the substrate for the
enzyme reaction. Arylsulfatase degrades the phenolphthalein
substrate, producing free phenolphthalein, a pH indicator that
becomes pink to red when the medium is made alkaline by the
addition of sodium carbonate.

Precaution®

Biosafety Level 2 practices and procedures, containment equip-
ment and facilities are required for non-aerosol-producing
manipulations of clinical specimens such as preparation of
acid-fast smears. All aerosol-generating activities must be
conducted in a Class I or II biological safety cabinet. Biosafety
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Arylsulfatase Broth, cont.

Level 3 practices, containment equipment and facilities are
required for laboratory activities in the propagation and
manipulation of cultures of M. tuberculosis and M. bovis.
Animal studies also require special procedures.

Procedure

The test procedures are those recommended by the Centers
for Disease Control and Prevention (CDC) for primary
isolation from specimens containing mycobacteria.*
N-Acetyl-L-cysteine-sodium hydroxide (NALC-NaOH) solution
is recommended as a gentle, but effective, digesting and
decontaminating agent. These reagents are provided in the
BBL"™ MycoPrep™ Specimen Digestion/Decontamination Kit.
For detailed decontamination and culturing instructions,
consult an appropriate reference.”’

Inoculate the broth with 0.1 mL of a 7-day liquid culture or
heavily inoculate with organisms cultured on a solid medium.

Incubate the tubes at 35°C in an aerobic atmosphere without
added CO,. Remove the 0.001 M broth after 3 days and add
no more than six drops of 1 M sodium carbonate solution
(10.6 g anhydrous Na,CO, in 100 mL of water), and observe
for a color change.

Incubate the 0.003 M broth for 14 days, then remove and add
six drops of the 1 M sodium carbonate solution. Observe for
a color change.

Expected Results

A change in the color of the medium to pink or red following
the addition of sodium carbonate is a positive reaction. The
medium remains colorless if the reaction is negative.
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Availability
BBL" Arylsulfatase Broth (0.001 M)
Cat. No. 295654  Prepared Tubes — Pkg. of 10*

BBL™ Arylsulfatase Broth (0.003 M)

Cat. No. 297156 Prepared Tubes — Pkg. of 10*
*Store at 2-8°C.

Aspergillus Differential Agar

Intended Use
Aspergillus Differential Agar is used in the differentiation of
Aspergillus species based on pigmentation.

Summary and Explanation

Bothast and Fennel developed Aspergillus Differential Agar
as a screening medium to detect pigment produced under
colonies of Aspergillus flavus (flavus group).! The yellow-
orange pigment differentiates A. flavus from most other
Aspergillus species and from organisms of other genera."” Some
other Aspergillus species may also produce a yellow-orange
pigment indistinguishable from the pigment produced by
A. flavus.”

Principles of the Procedure

Aspergillus Differential Agar contains an enzymatic digest of
casein to provide amino acids and other nitrogenous substances.
Yeast extract primarily supplies the B-complex vitamins. Ferric
citrate is essential for the production of a bright, yellow-orange
pigment that differentiates A. flavus from most other clinically
significant Aspergillus species.'

Procedure

The isolate to be differentiated should be stained with
lactophenol cotton blue or an appropriate fungal stain
and examined to confirm that morphology is appropriate

for Aspergillus species. Using a sterile inoculating loop or
needle, pick several isolated colonies and streak the surface
of the slant. Incubate the tubes at 25°C for up to 10 days to
allow sufficient time for pigmentation to develop.

Expected Results
Examine the medium for typical growth and pigmentation.
A. flavus produces a yellow-orange pigment under colonies.

Limitation of the Procedure

A. parasiticus, another species associated with aspergillosis,*
as well as some other aspergilli (i.e., A. sulphureus,
A. sclerotiorum and A. thomii) may also produce a yellow-
orange pigment that is indistinguishable from the pigment
produced by A. flavus."”

References

1. Bothast and Fennel. 1974. Mycologia. 66:365.

2. Haley and Callaway. 1978. Laboratory methods in medical mycology, 4th ed. Center for Disease
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Availability
BBL™ Aspergillus Differential Agar
Cat.No. 297244  Prepared Slants — Pkg. of 10



Azide Blood Agar Base

Azide Blood Agar Base

Intended Use
Azide Blood Agar Base is used for isolating streptococci and
staphylococci and, supplemented with blood, for determining
hemolytic reactions.

Summary and Explanation

In 1933, Edwards' used a liquid medium containing crystal
violet and sodium azide as a selective broth in the isolation
of mastitis streptococci. Snyder and Lichstein™ reported that
0.01% sodium azide in blood agar prevented the swarming
of Proteus species, and permitted the isolation of streptococci
from mixed bacterial populations. Packer* modified Edwards’
medium and prepared Infusion Blood Agar containing 1:15,000
sodium azide and 1:500,000 crystal violet for the study
of bovine mastitis. Mallmann, Botwright and Churchill®
reported that sodium azide exerted a bacteriostatic effect
on gram-negative bacteria. The Azide Blood Agar Base formula-
tion was based on the work of these researchers.

Azide Blood Agar Base is used in the isolation of gram-
positive organisms from clinical and nonclinical specimens.
Azide Blood Agar Base can be supplemented with 5-10% sheep,
rabbit or horse blood for isolating, cultivating and determining
hemolytic reactions of fastidious pathogens.

Principles of the Procedure

Peptones and beef extract provide nitrogen, vitamins, carbon
and amino acids. Sodium chloride maintains osmotic balance.
Sodium azide is the selective agent, suppressing the growth
of gram-negative bacteria. Agar is the solidifying agent.

Supplementation with 5-10% blood provides additional
growth factors for fastidious microorganisms, and is used to
determine hemolytic patterns of bacteria.

Formula
Difco™ Azide Blood Agar Base

Approximate Formula* Per Liter

Proteose Peptone NO. 3. 4.0
Pancreatic Digest of Casein ....
Beef Extract........c..cccovevvnnenn.
Sodium Chloride ....
Sodium Azide.........

QuuuuuuauQ

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 33 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Autoclave at 121°C for 15 minutes.

4. To prepare blood agar, aseptically add 5% sterile defibrinated
blood to the medium when cooled to 45-50°C. Mix well.

5. Test samples of the finished product for performance using
stable, typical control cultures.

User Quality Control

Identity Specifications
Difco™ Azide Blood Agar Base
Dehydrated Appearance:  Tan, free-flowing, homogeneous.

Solution: 3.3% solution, soluble in purified water upon

boiling. Solution is light to medium amber, very
slight to slightly opalescent.

Plain-Light to medium amber, very slightly
opalescent.

With 5% blood-Cherry red, opaque.

Prepared Appearance:

Reaction of 3.3%
Solution at 25°C:

pH7.2+02
Cultural Response

Difco™ Azide Blood Agar Base

Prepare the medium per label directions, without and with 5% sterile
defibrinated sheep blood. Inoculate and incubate at 35 + 2°C under
appropriate atmospheric conditions for 18-48 hours.

INOCULUM

ORGANISM ATCC” CFU RECOVERY  HEMOLYSIS

Enterococcus

faecalis 19433 10%-10° Good  Alpha/gamma

Escherichia coli 25922 10°-2x10°  Inhibition -

Staphylococcus

aureus 25923 10%-10° Good Beta

Staphylococcus

epidermidis 12228 10%-10° Good Gamma

Streptococcus

pneumoniae 6305 10%-10° Good Alpha

Streptococcus

pyogenes 19615 10%-10° Good Beta
Procedure

1. Process each specimen as appropriate, and inoculate directly
onto the surface of the medium. Streak for isolation with
an inoculating loop, then stab the agar several times to
deposit beta-hemolytic streptococci beneath the agar
surface. Subsurface growth will display the most reliable
hemolytic reactions demonstrating both oxygen-stable and
oxygen-labile streptolysins.*

2. Incubate plates aerobically, anaerobically or under condi-
tions of increased CO, in accordance with established
laboratory procedures.

Expected Results

Examine plates for growth and hemolytic reactions after
18-24 and 40-48 hours of incubation. Four different types of
hemolysis on blood agar media can be described:’

a. Alpha (o)-hemolysis is the reduction of hemoglobin to met-
hemoglobin in the medium surrounding the colony, causing
a greenish discolorization of the medium.

b. Beta (B)-hemolysis is the lysis of red blood cells, resulting
in a clear zone surrounding the colony.

¢. Gamma(y)-hemolysis indicates no hemolysis. No destruc-
tion of red blood cells occurs, and there is no change in the
medium.
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d. Alpha-prime (&)-hemolysis is a small zone of complete
hemolysis that is surrounded by an area of partial lysis.

Limitations of the Procedure

1. Azide Blood Agar Base is intended for selective use and should
be inoculated in parallel with nonselective media.

2. Hemolytic patterns of streptococci grown on Azide Blood
Agar Base are somewhat different than those observed on
ordinary blood agar. Sodium azide enhances hemolysis.
Alpha and beta zones may be extended.’

3. Hemolytic patterns may vary with the source of animal blood
or base medium used.®
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Availability
Difco™ Azide Blood Agar Base
Cat. No. 240920 Dehydrated - 500 g

Azide Dextrose Broth

Intended Use
Azide Dextrose Broth is used for cultivating streptococci in
water and wastewater.

Summary and Explanation

The formula for Azide Dextrose Broth originated with Rothe
at the Illinois State Health Department.' In a comparative
study, Mallmann and Seligmann’® investigated the detection of
streptococci in water and wastewater using Azide Dextrose
Broth. Their work supported use of the medium in determining
the presence of streptococci in water, wastewater, shellfish and
other materials. Azide Dextrose Broth has also been used for
primary isolation of streptococci from foodstuffs** and other
specimens of sanitary significance as an indication of fecal con-
tamination.

Azide Dextrose Broth is specified for use in the presumptive test
of water and wastewater for fecal streptococci by the Multiple-
Tube Technique.’

User Quality Control

Identity Specifications
Difco™ Azide Dextrose Broth
Dehydrated Appearance:  Beige, free-flowing, homogeneous.

Principles of the Procedure

Azide Dextrose Broth contains beef extract and peptones as
sources of carbon, nitrogen, vitamins and minerals. Dextrose is
a fermentable carbohydrate. Sodium chloride maintains the os-
motic balance of the medium. Sodium azide inhibits cytochrome
oxidase in gram-negative bacteria.

Group D streptococci grow in the presence of azide, ferment
glucose and cause turbidity.

Formula

Difco™ Azide Dextrose Broth

Approximate Formula* Per Liter

Beef EXTract.....ooiiiiiiiiii e 4.5
Pancreatic Digest of Casein ...........cccooevivveiiiiiiiiie 7.5
Proteose Peptone No. 3
DEXIIOSE v
Sodium Chloride .......ccvveiiiiic e
SOdIUM AZIAE....ooiiii i

*Adjusted and/or supplemented as required to meet performance criteria.

uuuuuauua

Solution: 3.47% (single strength) solution, soluble in purified water.
Solution is light amber, clear to very slightly opalescent.

Prepared Appearance: Light amber, clear to very slightly opalescent.

Reaction of 3.47%

Solution at 25°C: pH7.2+0.2

Cultural Response
Difco™ Azide Dextrose Broth

Prepare the medium per label directions. Inoculate and incubate at 35 + 2°C for 18-24

"._—-I

hours.

ORGANISM ATCC" INOCULUM CFU  RECOVERY
Enterococcus faecalis 19433 10%-10° Good
Escherichia coli 25922 3x10%-10° Inhibition

—

Uninoculated Enterococcus faecalis
Tube ATCC™ 29212

-



Directions for Preparation from

Dehydrated Product

1. Dissolve 34.7 g of the powder in 1 L of purified water for
the preparation of single-strength broth for inoculation of
samples of 10 mL or smaller. Use 69.4 g for 1 L of double-
strength broth for samples larger than 10 mL.

2. Autoclave at 121°C for 15 minutes.

3. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure’

1. Inoculate a series of Azide Dextrose Broth tubes with
appropriately graduated quantities of sample. Use sample
quantities of 10 mL or less. Use double-strength broth
for 10 mL inocula. Consult an appropriate reference for
suggested sample sizes.’

2. Incubate inoculated tubes at 35 = 2°C for 20-48 hours.

3. Examine each tube for turbidity at the end of 24 = 2 hours.
If no turbidity is evident, reincubate and read again at the
end of 48 = 3 hours.

Expected Results
A positive test is indicated by turbidity (cloudiness) in the broth.
A negative test remains clear.

B,, Assay Medium

All Azide Dextrose Broth tubes showing turbidity after 24- or
48-hours of incubation must be subjected to the Confirmed
Test Procedure. Consult appropriate references for details
of the Confirmed Test Procedure’ and further identification
of Enterococcus.™

Limitations of the Procedure

1. Azide Dextrose Broth is used to detect presumptive
evidence of fecal contamination. Further biochemical
testing must be done for confirmation.

2. For inoculum sizes of 10 mL or larger, use double strength
medium to prevent dilution of ingredients.™
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Availability
Difco™ Azide Dextrose Broth

[ EPA § SMWW |
Cat. No. 238710 Dehydrated - 500 g

B., Assay Medium

Intended Use
B,, Assay Medium is used for determining vitamin B,, concentra-
tion by the microbiological assay technique.

Meets United States Pharmacopeia (USP) performance speci-
fications.

User Quality Control

Identity Specifications

Difco™ B,, Assay Medium

Dehydrated Appearance: Very light to light beige, homogeneous, with
a tendency to clump.

4.25% (single strength) solution, soluble in
purified water upon boiling for 2-3 minutes.
Solution is light amber, clear, may have a slight
precipitate.

Very light to light amber, clear, may have a
slight precipitate.

Solution:

Prepared Appearance:

Reaction of 4.25%

Solution at 25°C: pH 6.0 £ 0.1

Cultural Response

Difco™ B,, Assay Medium

Prepare the medium per label directions. The medium supports the
growth of Lactobacillus delbrueckii subsp. lactis ATCC™ 7830 when
prepared in single strength and supplemented with cyanocobalamin
(vitamin By,). The medium should produce a standard curve when
tested with a cyanocabalamin reference standard at 0.0 to 0.25 ng per
10 mL. Incubate tubes with caps loosened at 35-37°C for 16-24 hours.
Read the percent transmittance using a spectrophotometer at 530 nm.

Summary and Explanation
Vitamin assay media are used in the microbiological assay of
vitamins. Three types of media are used for this purpose:

1. Maintenance Media: For carrying the stock culture to
preserve the viability and sensitivity of the test organism for
its intended purpose;

2. Inoculum Media: To condition the test culture for immediate
use;

3. Assay Media: To permit quantitation of the vitamin under
test. They contain all the factors necessary for optimal
growth of the test organism except the single essential
vitamin to be determined.

B,, Assay Medium is used in the microbiological assay of
vitamin B, according to the procedures of the Vitamin B,
Activity Assay in the USP' and the Cobalamin (Vitamin B,,
Activity) Assay in the Official Methods of Analysis of AOAC
International (AOAC).* Lactobacillus delbrueckii subsp. lactis
ATCC™ 7830 (Lactobacillus leichmannii) is the test organism
used in this procedure.

Principles of the Procedure

B,, Assay Medium is a vitamin B,,-free dehydrated medium
containing all other nutrients and vitamins essential for the
cultivation of L. delbrueckii subsp. lactis ATCC 7830. To obtain
a standard curve, USP Cyanocobalamin Reference is added in
specified increasing concentrations giving a growth response
that can be measured titrimetrically or turbidimetrically.
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B,, Assay Medium, cont.

Formula
Difco™ B,, Assay Medium

Approximate Formula* Per Liter

Vitamin Assay Casamino ACidS...........ccoccvevreeeiieene.
Dextrose .............
Asparagine..............
Sodium Acetate ......
Ascorbic Acid..........
L-Cystine.............
DL-Tryptophan ....
Adenine Sulfate ..............
Guanine Hydrochloride ....
Uracil oo
XanNthine ....ooooiiii e
Riboflavin...........cc.cc.oo
Thiamine Hydrochloride ...
BIOTIN it .
NIQCIN L 2.0 mg
p-Aminobenzoic Acid.......

Calcium Pantothenate

Pyridoxine Hydrochloride...........cccooiiiiiiiiiiii 4.0 mg
Pyridoxal Hydrochloride..............cccoociiiiiii 4.0 mg
Pyridoxamine Hydrochloride 800.0 ug
Folic ACId ..o 200.0 ug
Monopotassium Phosphate.............ccceoeeiiiiiicee. 1.0 g
Dipotassium Phosphate..........ccccooveviiiiiiiiicc 1.0 g
Magnesium Sulfate ..o 04 g
Sodium Chloride ....c..eeoiiiiiiiiiice e 20.0 mg
Ferrous Sulfate ... 20.0 mg
Manganese Sulfate ..........ccccooeiiiiiiiiiiiccee e 20.0 mg
Polysorbate 80 .........cooiiiiiiiiiiii e 20 g

*Adjusted and/or supplemented as required to meet performance criteria.

Precautions

Great care must be taken to avoid contamination of media
or glassware in microbiological assay procedures. Extremely
small amounts of foreign material may be sufficient to give
erroneous results. Scrupulously clean glassware free from
detergents and other chemicals must be used. Glassware must
be heated to 250°C for at least 1 hour to burn off any or-
ganic residues that might be present. Take precautions to keep
sterilization and cooling conditions uniform throughout the
assay.

Directions for Preparation from

Dehydrated Product

1. Suspend 8.5 g of the powder in 100 mL of purified water.

2. Heat with frequent agitation and boil for 2-3 minutes to
completely dissolve the powder.

3. Dispense in 5 mL amounts into tubes, evenly dispersing
the precipitate.

4. Add standard or test samples.

5. Adjust the tube volume to 10 mL with purified water.

6. Autoclave at 121°C for 5 minutes.

Procedure

Follow assay procedures as outlined in USP' or AOAC.” Use
levels of By, in the preparation of the standard curve according
to these references. It is essential that a standard curve be con-
structed each time an assay is run. Autoclave and incubation
conditions can influence the standard curve reading and cannot
always be duplicated. Generally satisfactory results are obtained

with By, at the following levels: 0.0, 0.025, 0.05, 0.075, 0.1,
0.125,0.15, 0.2 and 0.25 ng per assay tube (10 mL).

Stock cultures of L. delbrueckii subsp. lactis ATCC 7830 are
prepared by stab inoculation into 10 mL of B, Culture Agar
or Lactobacilli Agar AOAC. After 16-24 hours incubation at
35-37°C, the cultures are kept refrigerated. The inoculum for
assay is prepared by subculturing a stock culture of L. delbrueckii
subsp. lactis into 10 mL of B,, Inoculum Broth. For a complete

discussion on B, Culture Agar and B,, Inoculum Broth, refer
to USP.!

Expected Results

1. Prepare a standard concentration response curve by plotting
the response readings against the amount of standard in each
tube, disk or cup.

2. Determine the amount of vitamin at each level of assay
solution by interpolation from the standard curve.

3. Calculate the concentration of vitamin in the sample from
the average of these values. Use only those values that do
not vary more than +10% from the average and use the

results only if two-thirds of the values do not vary more
than £10%.

Limitations of the Procedure

1. The test organism used for inoculating an assay medium must
be cultured and maintained on media recommended for this
purpose.

2. For successful results to these procedures, all conditions of
the assay must be followed precisely.

3. Aseptic technique should be used throughout the assay
procedure.

4. The use of altered or deficient media may cause mutants
having different nutritional requirements and will not give
a satisfactory response.

References

1. United States Pharmacopeial Convention, Inc. 2008. The United States pharmacopeia 31/The
national formulary 26, Supp. 1, 8-1-08, online. United States Pharmacopeial Convention, Inc.,
Rockville, Md.

2. Horwitz (ed.). 2007. Official methods of analysis of AOAC International, 18th ed., online. AOAC
International, Gaithersburg, Md.

Availability
Difco™ B,, Assay Medium
[ USP |

Cat. No. 245710 Dehydrated — 100 g*
*Store at 2-8°C.



B,, Culture Agar

B,, Culture Agar ¢ B,, Inoculum Broth

Intended Use

B,, Culture Agar is used for cultivating Lactobacillus delbrueckii
subsp. lactis ATCC™ 7830 used in the Vitamin B, Activity
Assay.

B,, Inoculum Broth is used for preparing the inoculum of
L. delbrueckii subsp. lactis ATCC 7830 used in the Vitamin
B,, Activity Assay.

These media meet United States Pharmacopeia (USP) perfor-
mance specifications.

Summary and Explanation
Vitamin assay media are prepared for use in the microbiological
assay of vitamins. Three types of media are used for this purpose:

1. Maintenance Media: For carrying the stock culture to pre-
serve the viability and sensitivity of the test organism for its
intended purpose;

2. Inoculum Media: To condition the test culture for immediate
use;

3. Assay Media: To permit quantitation of the vitamin under
test. They contain all the factors necessary for optimal growth
of the test organism except the single essential vitamin to be
determined.

User Quality Control

Identity Specifications
Difco™ B,, Culture Agar
Dehydrated Appearance:  Beige, free-flowing, homogeneous.

Solution: 4.7% solution, soluble in purified water upon
boiling. Solution is light to medium amber,
opalescent when hot, slightly opalescent with
flocculent precipitate when cooled.

Prepared Appearance: Light to medium amber, slightly opalescent, may

have a slight flocculent precipitate.

Reaction of 4.7%
Solution at 25°C: pH 6.8+ 0.1

Difco™ B,, Inoculum Broth
Dehydrated Appearance:  Tan, homogeneous, tendency to clump.

Solution: 3.2% solution, soluble in purified water upon
boiling. Solution is medium to dark amber, opal-
escent when hot, clear when cooled to room

temperature.

Prepared Appearance: Medium amber, clear.
Reaction of 3.2%

Solution at 25°C: pH 6.8 +0.1
Cultural Response

Difco™ B,, Culture Agar or B,, Inoculum Broth

Prepare the medium per label directions. Inoculate and incubate at
35 + 2°C for 16-24 hours.

ORGANISM ATCC"  INOCULUM CFU RECOVERY
Lactobacillus delbrueckii
subsp. lactis 7830 3x10%-10° Good

Lactobacillus species grow poorly on nonselective culture media
and require special nutrients. Mickle and Breed? reported the use
of tomato juice in culture media for lactobacilli. Kulp,® while
investigating the use of tomato juice on bacterial development,
found that growth of Lactobacillus acidophilus was enhanced.

B,, Culture Agar is recommended for maintaining stock
cultures of L. delbrueckii subsp. lactis ATCC 7830 (Lactoba-
cillus leichmannii) for use in the Vitamin B,, Activity Assay
according to the USP.!

B,, Inoculum Broth is used for preparing the inoculum of
L. delbrueckii subsp. lactis ATCC 7830 in the microbiological
assay of vitamin B,, according to the USP.!

Principles of the Procedure

Peptone provides the nitrogen and amino acids in B,, Culture
Agar and B,, Inoculum Broth. Yeast extract is the vitamin
source in the formulas. Tomato juice is added to create the
proper acidic environment. Dextrose is the carbon source, and
polysorbate 80 acts as an emulsifier. Dipotassium phosphate
acts as the buffering agent in B, Inoculum Broth, and mono-
potassium phosphate is the buffering agent in B, Culture Agar.
Agar is the solidifying agent in B,, Culture Agar.

Formulae
Difco™ B,, Culture Agar
Approximate Formula* Per Liter

Tomato Juice (from 100 ML) ...ooooooiiiiiiiiiiiee 50 g
Proteose Peptone No. 3............ g
Yeast Extract g
Dextrose ............. g
Monopotassium Phosphate........ g
Polysorbate 80 ............ccceeeviinnn. g
AGAE e g
Difco™ B,, Inoculum Broth

Approximate Formula* Per Liter

Tomato Juice (from 100 ML) ..ooooeeeeiiiiiiiiieeeeeeee 50 g
Proteose Peptone NO. 3. . ... 75 g
Yeast EXTract ..o 75 g
Dextrose ......cccoociiiiiiiii g
Dipotassium Phosphate g
Polysorbate 80 ...........ccoeceeien. g

*Adjusted and/or supplemented as required to meet performance criteria.

Precautions

Great care must be taken to avoid contamination of media
or glassware in microbiological assay procedures. Extremely
small amounts of foreign material may be sufficient to give
erroneous results. Scrupulously clean glassware free from
detergents and other chemicals must be used.




Section Il

B,, Culture Agar, cont.

Directions for Preparation from
Dehydrated Product
1. Suspend the powder in 1 L of purified water:
Difco™ B,, Culture Agar — 47 g;
Difco™ By, Inoculum Broth — 32 g.
Mix thoroughly.
2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.
3. Dispense 10 mL amounts into tubes.
Autoclave at 121°C for 15 minutes.
5. Test samples of the finished product for performance using
stable, typical control cultures.

>

Procedure
For a complete discussion of vitamin assay methodology, refer
to appropriate procedures outlined in the USP.!

Expected Results

For test results of vitamin assay procedures refer to the USP.!

Limitations of the Procedure

1. The test organism used for inoculating an assay medium must
be cultured and maintained on media recommended for this
purpose.

2. For successful results of these procedures, all conditions of
the assay must be followed precisely.

3. Aseptic technique should be used throughout the assay
procedure.

4. The use of altered or deficient media may cause mutants
having different nutritional requirements that will not give
a satisfactory response.

References

1. United States Pharmacopeial Convention, Inc. 2008. The United States pharmacopeia 31/The
national formulary 26, Supp. 1, 1-8-08, online. United States Pharmacopeial Convention, Inc.,
Rockville, Md.

2. Mickle and Breed. 1925. Technical Bulletin 110, NY State Agriculture Ex. Station, Geneva, N.Y.

3. Kulp and White. 1932. Science 76:17.

Availability
Difco™ B,, Culture Agar

[ USP |

Cat. No. 254110 Dehydrated — 100 g*
Difco™ B,, Inoculum Broth

[ USP |

Cat. No. 254210 Dehydrated — 100 g*

*Store at 2-8°C.

BCYE Agars

BCYE Agar Base ® BCYE Agar * BCYE Differential Agar
BCYE Selective Agars (CCVC, PAC, PAV) ¢ Legionella
Agar Base ¢ Legionella Agar Enrichment

Intended Use

These media are used in qualitative procedures for isolation
of Legionella species from clinical specimens and nonclinical
(environmental) samples.

Summary and Explanation

BCYE Agar is based on Edelstein’s modification of previously
described media. In 1979, Feely et al. described Charcoal Yeast
Extract (CYE) Agar as a modification of an existing medium,
F-G Agar."? They replaced the starch in the F-G Agar with
activated charcoal and substituted yeast extract for casein
hydrolysate, resulting in better recovery of L. prneumophila. In
1980, Pasculle reported that CYE Agar could be improved by
buffering the medium with ACES Buffer.’ A year later, Edelstein
further increased the sensitivity of the medium by adding alpha-
ketoglutarate (BCYE Agar).*

Legionella Agar is a modification of the BCYE Agar formula
of Edelstein. In the formula, the concentration of ACES buffer
was reduced from 10.0 g/L to 6.0 g/L.

BCYE Differential Agar is used for the presumptive identification
and differentiation of Legionella spp. based on colony morphol-
ogy and color.’ This medium is based on the formulation of
Vickers et al.,* and consists of the dyes bromcresol purple and
bromthymol blue added to BCYE Agar.

BCYE Selective Agar w/CCVCis a highly selective medium con-
sisting of BYCE Agar supplemented with cephalothin, colistin,
vancomycin and cycloheximide. This medium is based on the
formulation of Bopp et al.” They obtained improved recovery
of L. pneumophila by using the selective medium in conjunc-
tion with an acid wash treatment to reduce the contaminating
microbial flora present in environmental water samples.

BCYE Selective Agar with PAC was developed by Edelstein for
isolation of Legionella spp. from specimens containing mixed
flora.* He found that BYCE Agar supplemented with poly-
myxin B, cefamandole and anisomycin enhanced the recovery of
L. pneumophila from contaminated clinical specimens. In
conjunction with an acid wash treatment to reduce microbial
flora, it also facilitated the recovery of the bacterium from
potable water.



User Quality Control

BCYE Agars, cont.

NOTE: Differences in the Identity Specifications and Cultural Response testing for media offered as both Difco™ and BBL™ brands may reflect
differences in the development and testing of media for industrial and clinical applications, per the referenced publications.

Identity Specifications
Difco™ Legionella Agar Base
Dehydrated Appearance:  Dark gray, free flowing, homogeneous.

Solution: 3.7% solution, insoluble in purified water.

Suspension is black, opalescent.
Prepared Appearance: Black, opaque with precipitate.

Reaction of 3.7%

Solution at 25°C: pH 6.85-7.0 (adjusted)

Difco™ Legionella Agar Enrichment
Lyophilized Appearance:  White to off-white powder, with or without traces
of brown or green powder.

Solution: After rehydration, white to off-white, opaque,
milky suspension. Some evidence of browning
may be present due to ferric pyrophosphate.

Cultural Response

Difco™ Legionella Agar Base

Prepare the medium per label directions. Inoculate and incubate at
35 + 2°C under a humidified atmosphere containing approximately
2.5% CO, for 46-72 hours.

INOCULUM
ORGANISM ATCC" CFU  RECOVERY  COLONY COLOR
Legionella dumoffii 33279  30-300  Good  Gray to off-white
Legionella
pneumophila 33153  30-300 Good  Gray to off-white
Legionella Gray to off-white
pneumophila 33154 30-300  Good (may have a blue cast)

Legionella pneumophila
ATCC™ 33152

BCYE Selective Agar with PAV is similar to the Edelstein
formula, above, except that the concentration of polymyxin
B is reduced by half, and vancomycin is substituted for cefa-
mandole.

Identity Specifications

BBL™ BCYE Agar Base

Dehydrated Appearance:  Fine to coarse, homogeneous, free of extraneous
material.

Solution: 3.83% solution, soluble in purified water upon
boiling. Solution is dark, black-green to gray-

black, moderately hazy to opaque.

Prepared Appearance: Dark, black-green to gray-black, moderately hazy

to opaque.
Reaction of 3.83%
Solution at 25°C: pH 6.85 + 0.1 (adjusted)
Cultural Response

BBL™ BCYE Agar Base
Prepare the medium per label directions. For E. coli, inoculate and incu-
bate at 35 + 2°C for 66-72 hours. For Legionella spp., inoculate test and
control lots of medium with serial 10-fold dilutions of the test organisms
and incubate at 35 + 2°C for 66-72 hours. Growth on the test lot should be
within 1 log of the control lot.

INOCULUM
ORGANISM ATCC™ CFU RECOVERY FLUORESCENCE
Escherichia coli 25922 10%-10* Good =
Legionella Good (white-gray to
bozemanii 33217 N/A  blue-gray colonies)  Blue-white
Legionella
pneumophila 33152 N/A Good Yellow green

Principles of the Procedure

These media consist of a base medium (BCYE) supplemented
with antibiotics or dyes. Antibiotics improve the recovery of
Legionella spp. by inhibiting the growth of contaminating
organisms. Dyes facilitate differentiation and identification of
Legionella spp.

The base media (BCYE Agar Base and Legionella Agar Base)
contain yeast extract to supply the nutrients necessary to sup-
port bacterial growth. L-cysteine HCI, ferric pyrophosphate
and alpha-ketoglutarate are incorporated to satisfy the specific
nutritional requirements of Legionella species. The activated
charcoal decomposes hydrogen peroxide, a toxic metabolic
product, and may also collect carbon dioxide and modify surface
tension. The addition of the buffer helps maintain the proper
pH for optimal growth of Legionella species.

Antibiotics incorporated in the various BCYE formulations have
different spectra of activity. Vancomycin inhibits gram-positive
bacteria; colistin and polymyxin B inhibit gram-negative bacte-
ria, except for Proteus spp.; and cephalothin and cefamandole
inhibit both gram-positive and gram-negative bacteria. Aniso-
mycin and cycloheximide are antifungal agents.

BCYE Differential Agar contains the dyes bromcresol purple and
bromthymol blue to aid in the differentiation and identification
of Legionella species.
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BCYE Agars, cont.

Formulae

Difco™ Legionella Agar Base
Approximate Formula* Per Liter
Yeast EXTract ...
ACES BUFf@r ..o
Charcoal, Activated...........ccccoooeviiiiinn
Alpha-Ketoglutarate, Monopotassium..
AGAT

QuuuuuuuQ

Difco™ Legionella Agar Enrichment
Approximate Formula* Per Vial
L-Cysteine HCl ..o
Ferric Pyrophosphate

BBL™ BCYE Agar Base
Approximate Formula* Per Liter
Yeast EXTract ...ooovooi 10.0
Ferric Pyrophosphate.........coceoviiiiiiiiiiicieecece 0.25
ACES Buffer..................
Charcoal, Activated
Alpha-Ketoglutarate
AGAI e

*Adjusted and/or supplemented as required to meet performance criteria.

[(el(e]

uuuuuuua

Directions for Preparation from
Dehydrated Product

Difco™ Legionella Agar Base

1. Dissolve 18.5 g of the powder in 500 mL of purified water.

2. Adjust to pH 7.1-7.2 with 1 N KOH. Do not heat prior to
autoclaving.

3. Autoclave at 121°C for 15 minutes.

4. Cool to45-50°C and aseptically add 5 mL rehydrated Difco™
Legionella Agar Enrichment. Mix thoroughly.

5. Check pH. If necessary, aseptically adjust to pH 6.85-7.0
with 1 N HCl or 1 N KOH.

6. Dispense into Petri dishes. Agitate while dispensing to keep
charcoal in suspension.

7. Test samples of the finished product for performance using
stable, typical control cultures.

BBL™ BCYE Agar Base

1. To 500 mL of purified water, add 2.4 g KOH pellets and
mix to dissolve.

2. Add 38.3 g of the powder and 500 mL of purified water.
Mix thoroughly.

3. Heat with frequent agitation and boil for 1 minute to com-
pletely dissolve the powder.

4. Autoclave at 121°C for 15 minutes.

5. Cool to 45-50°C and add 4 mL of a 10% filter-sterilized
solution of L-cysteine HCL.

6. Mix thoroughly. Check pH; if not 6.85 = 0.1, adjust using
1 N HCI or KOH.

7. Dispense into Petri dishes. Agitate while dispensing to keep
charcoal in suspension.

8. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure
Use standard procedures to obtain isolated colonies from
specimens and samples.

Incubate the plates in an inverted position (agar side up) at
35 = 2°C for a minimum of 3 days. Growth is usually visible
within 3-4 days, but may take up to 2 weeks to appear.

Expected Results

On BCYE Agar, Legionella Agar and the selective media,
Legionella preumophila produces small to large, smooth, color-
less to pale, blue-gray, slightly mucoid colonies that fluoresce
yellow-green under long-wave UV light. Consult references for
morphology and color of fluorescence of other species.®’

On BCYE Differential Agar, L. pneumophila produces light blue
colonies with a pale green tint. L. micdadei produces blue-gray
to dark blue colonies.

A Gram stain, biochemical tests and serological procedures
should be performed to confirm findings.

References

1. Feely, Gibson, Gorman, Langford, Rasheed, Mackel and Baine. 1979. J. Clin. Microbiol. 10:437.
2. Feely, Gorman, Weaver, Mackel and Smith. 1978. J. Clin. Microbiol. 8:320.
3. Pasculle, Feely, Gibson, Cordes, Myerowitz, Patton, Gorman, Carmack, Ezzell and Dowling. 1980.
J. Infect. Dis. 191:727.
4. Edelstein. 1981. J. Clin. Microbiol. 14:298.
5. MacFaddin. 1985. Media for isolation-cultivation-identification-maintenance of medical bacteria,
vol. 1. Williams & Wilkins, Baltimore, Md.
. Vickers, Brown and Garrity. 1981. J. Clin. Microbiol. 13:380.
. Bopp, Sumner, Morris and Wells. 1981. J. Clin. Microbiol. 13:714.
. Edelstein. 2007. In Murray, Baron, Jorgensen, Landry and Pfaller (ed.), Manual of clinical microbiology,
9th ed. American Society for Microbiology, Washington, D.C.
9. Weaver. 1978. In Jones and Herbert (ed.), “Legionnaires”: the disease, the bacterium and methodology.
DHEW, Center for Disease Control, Atlanta, Ga.
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Availability
Difco™ Legionella Agar Base
Cat. No. 218301 Dehydrated - 500 g

Difco™ Legionella Agar Enrichment

Cat. No. 233901 Vial, 5 mL—Pkg. of 6*
BBL™ BCYE Agar Base

[ SMWW |

Cat. No. 212327 Dehydrated - 500 g

BBL™ BCYE Agar

[ BS12|

United States and Canada

Cat. No. 221808 Prepared Plates — Pkg. of 10*
Europe

Cat. No. 257321  Prepared Plates — Ctn. of 120*
Japan

Cat. No. 252164 Prepared Plates — Pkg. of 20*

BBL™ BCYE Differential Agar

Cat. No. 297881 Prepared Plates — Pkg. of 10*
BBL™ BCYE Selective Agar with PAC

[ BS12]

Cat. No. 297879 Prepared Plates — Pkg. of 10*
BBL™ BCYE Selective Agar with PAV

[ BS12]

Cat. No. 297880 Prepared Plates — Pkg. of 10*

BBL™ BCYE Selective Agar with CCVC

Cat. No. 297878 Prepared Plates — Pkg. of 10*
*Store at 2-8°C.



BG Sulfa Agar

BG Sulfa Agar
SBG Sulfa Enrichment

Intended Use
BG Sulfa Agar is used for isolating Salmonella.

SBG Sulfa Enrichment is used for enriching Salmonella prior
to isolation procedures.

Summary and Explanation

Salmonellosis continues to be an important public health
problem worldwide, despite efforts to control the prevalence
of Salmonella in domesticated animals. Infection with
non-typhi Salmonella often causes mild, self-limiting illness.
The illness results from consumption of raw, undercooked or
improperly processed foods contaminated with Salmonella.
Many of these cases of Salmonella-related gastroenteritis are
due to improper handling of poultry products. Various poultry
products are routinely monitored for Salmonella before their
distribution for human consumption, but in many instances,
contaminated food samples elude detection.

BG (Brilliant Green) Sulfa Agar is a highly selective medium.
Osborne and Stokes' added 0.1% sodium sulfapyridine to
Brilliant Green Agar to enhance the selective properties of
this medium for Salmonella. This formula is recommended as
a selective isolation medium for Salmonella following enrich-
ment.? It is also recommended for direct inoculation with
primary specimens for Salmonella isolation.

For food testing, BG Sulfa Agar has been used for detection of
Salmonella in low and high moisture foods.>* It has also been
used for detecting Salmonella in feeds and feed ingredients.’
This medium is recommended when testing foods for Salmonella
following USDA guidelines.**

SBG (Selenite Brilliant Green) Sulfa Enrichment is prepared
according to the formula described by Stokes and Osborne.’
The researchers found that whole egg and egg yolk reduced
the selective properties of selenite brilliant green enrichment.!
They also found that the addition of sulfapyridine (SBG Sulfa
Enrichment) restored these selective properties.'

SBG Sulfa Enrichment is a selective enrichment for the isola-
tion of Salmonella species, especially from egg products. The
shell and the contents of the egg at the time of oviposition
are generally sterile or harbor very few microorganisms. Con-
tamination of the shell occurs afterwards from nesting material,
floor litter and avian fecal matter.!%12

Principles of the Procedure

In BG Sulfa Agar, peptone and yeast extract provide nitrogen,
vitamins and minerals. Lactose and sucrose are the sources
of carbohydrates in the medium. Brilliant green and sodium
pyridine are complementary in inhibiting gram-positive bacteria
and most gram-negative bacilli other than Salmonella spp.
Phenol red is the pH indicator that turns the medium a yellow

color with the formation of acid when lactose and/or sucrose
is fermented. Agar is the solidifying agent.

Peptone provides the nitrogen, minerals and amino acids in
SBG Sulfa Enrichment. Yeast extract is the vitamin source.
D-Mannitol is the carbon source to stimulate organism growth.
The phosphates act as buffers in the enrichment. Sodium
taurocholate, sodium selenite and brilliant green are the selec-
tive agents. The selective agents are used to inhibit gram-positive
organisms and enteric bacteria other than Salmonella. Sodium
sulfapyridine is added to increase selectivity.

Formulae
Difco™ BG Sulfa Agar
Approximate Formula* Per Liter
Yeast EXTract ... 30 g
Proteose Peptone No. 3 g
Lactose .....coooviviiiiiii . g
Saccharose.......ccoocveeeiiviiiiii 0 g
g
g
g

Sodium Sulfapyriding ........c.oocooiiiiiiii 1.0
Sodium Chloride ..o 5.0
Al e
Brilliant Green........ccccoooieiiiinn .
Phenol Red........c..ooviiiiiiiccee e 0.08 g

Difco™ SBG Sulfa Enrichment
Approximate Formula* Per Liter
Yeast EXTraCt .ovooiieiiiiii e 50 g
Peptone ... g
D-Mannitol ..........ccccevviiiiiiieen . g
Sodium Taurocholate.................... 0 g
g
g

Sodium Sulfapyridine ...................
Sodium Selenite ..........cccooeviienn.
Dipotassium Phosphate................
Monopotassium Phosphate
Brilliant Green .......cooiiiiiic i 5.0 mg

*Adjusted and/or supplemented as required to meet performance criteria.

Uninoculated
Plate

Salmonella Typhimurium
ATCC™ 14028
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BG Sulfa Agar, cont.

User Quality Control

Identity Specifications

Difco™ BG Sulfa Agar

Dehydrated Appearance:  Pink, free flowing, homogeneous.

Solution: 5.9% solution, soluble in purified water upon
boiling. Solution is very dark amber, very slightly
to slightly opalescent.

Prepared Appearance: Orange-brown to dark reddish-amber, slightly
opalescent.

Reaction of 5.9%

Solution at 25°C: pH6.9+0.2

Cultural Response

Difco™ BG Sulfa Agar

Prepare the medium per label directions. Inoculate and incubate at 35 +
2°C for 18-48 hours.

COLOR OF
INOCULUM COLONIES/
ORGANISM ATCC" CFU RECOVERY MEDIUM
Enterococcus faecalis 29212 10*-2x10° None —/no change
Escherichia coli 25922 10%-3x10> Noneto Yellow-green/
poor Yellow-green
Proteus vulgaris 13315 10%-3x10? None —/no change
Salmonella enterica
subsp. enterica Pink-white/
serotype Enteritidis 13076  10%-3x10? Good red
Salmonella enterica
subsp. enterica Pink-white/
serotype Typhimurium 14028  10%-3x10? Good red

Directions for Preparation from

Dehydrated Product

Difco™ BG Sulfa Agar

1. Suspend 59 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to com-
pletely dissolve the powder.

3. Autoclave at 121°C for 15 minutes. Avoid overheating, which
will decrease selectivity.

4. Test samples of the finished product for performance using
stable, typical control cultures.

Difco™ SBG Sulfa Enrichment

1. Suspend 24.2 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 5-10 minutes
to completely dissolve the powder. Avoid overheating.
DO NOT AUTOCLAVE.

3. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

Refer to appropriate references for specific procedures for the
isolation and cultivation of Salmonella from meat, poultry and
egg products and other foods.>”*

Identity Specifications
Difco™ SBG Sulfa Enrichment
Dehydrated Appearance:  Light beige, free-flowing, homogeneous.

Solution: 2.42% solution, soluble in purified water.
Solution is green, opalescent, may have a pre-
cipitate.

Prepared Appearance: Green, opalescent without significant precipi-
tate.

Reaction of 2.42%

Solution at 25°C: pH7.2+0.2

Cultural Response

Difco™ SBG Sulfa Enrichment

Prepare the enrichment per label directions. Inoculate and incubate at
35 + 2°C for 18-24 hours. After incubation, subculture onto plates of
MacConkey Agar and incubate at 35 + 2°C for 18-24 hours.

COLONY

INOCULUM COLOR ON
ORGANISM ATCC” CFU RECOVERY  MACCONKEY
Escherichia coli 25922 10%-3x10? None Pink, if any

to poor

Salmonella enterica
subsp. enterica
serotype Enteritidis 13076 10%-3x10? Good Colorless
Salmonella enterica
subsp. enterica
serotype Typhimurium 14028 10%-3x10? Good Colorless
Shigella sonnei 9290 10%-3x10> Noneto fair  Colorless

Expected Results
BG Sulfa Agar

The typical Salmonella colonies appear as pink-white to red
opaque colonies surrounded by a brilliant red medium. The
few lactose and/or sucrose fermenting organisms that grow
are readily differentiated due to the formation of a yellow-
green colony surrounded by an intense yellow-green zone.
BG Sulfa Agar is not suitable for the isolation of S. Typhi or
Shigella; however, some strains of S. Typhi may grow forming
red colonies.

SBG Sulfa Enrichment

Examine prepared media for growth. Positive tubes should be
subcultured onto prepared media for isolation and identifica-
tion of bacteria.

Limitations of the Procedure

1. On BG Sulfa Agar colonies of Salmonella spp. vary from
red to pink to white depending on length of incubation and
strain."?

2. BG Sulfa Agar is normally orange-brown in color; however,
on incubation, it turns bright red and returns to normal color
at room temperature.?

3. S. Typhi does not grow adequately on BG Sulfa Agar.
Shigella spp. do not grow on BG Sulfa Agar.”

4. Do not autoclave BG Sulfa Agar longer than 15 minutes;
longer periods decrease the selectivity of the medium.



5. Since BG Sulfa Agar is highly selective, it is recommended
that less selective media, such as MacConkey Agar, be used
simultaneously.

6. SBG Sulfa Enrichment should be used in conjunction with a
selective prepared medium for bacterial identification.
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13. MacFaddin. 1985. Media for isolation-cultivation-identification-maintenance of medical bacteria,
vol. 1. Williams & Wilkins, Baltimore, Md.

Availability

Difco™ BG Sulfa Agar

[ USDA |

Cat. No. 271710 Dehydrated — 500 g

Difco™ SBG Sulfa Enrichment

Cat. No. 271510 Dehydrated — 500 g

BiGGY Agar

Intended Use

BiGGY (Bismuth Sulfite Glucose Glycine Yeast) is a selective
and differential medium used in the detection, isolation and
presumptive identification of Candida species.

Summary and Explanation

BiGGY Agar is based on the formulation of Nickerson.! Nickerson
developed the medium in 1953 following a study of sulfite
reduction by Candida species.

Differentiation of Candida is based on growth patterns and
pigmentation of isolated colonies. The bismuth sulfite acts
as an inhibitory agent to suppress bacterial growth, which
enables the recovery of isolated colonies of Candida. Candida

User Quality Control

Identity Specifications

BBL™ BiGGY Agar

Dehydrated Appearance:  Medium fine, homogeneous, free of extraneous
material.

4.5% solution, soluble in purified water upon
boiling. Solution is light to medium, cream yellow,
hazy to cloudy.

Light to medium, cream yellow, hazy to cloudy.

Solution:

Prepared Appearance:

Reaction of 4.5%
Solution at 25°C: pH 6.8+ 0.2

Cultural Response

BBL™ BiGGY Agar

Prepare the medium per label directions. Inoculate with fresh cultures and
incubate at 25 + 2°C for 18-24 hours (3-5 days if necessary).

COLOR OF
ORGANISM ATCC™ RECOVERY COLONIES/MEDIUM
Candida albicans 10231 Good Brown to black/-
Candida kefyr 8553 Good Reddish brown/-
Candida tropicalis 1369 Good Brown to black, metallic

sheen/Brown to black

Partial to ==
complete inhibition

Escherichia coli 25922

species reduce the bismuth sulfite, resulting in pigmentation
of colonies and, with some species, pigmentation in the
surrounding medium.

Principles of the Procedure

Candida species, through a process of substrate reduction,
produce sulfide and bismuth which combine to produce brown
to black pigmented colonies and zones of dark precipitate in the
medium surrounding colonies of some species. Dextrose and
yeast extract provide the nutrients in the formulation.

NOTE: A decrease in pH is normal and does not affect per-
formance.

Candida albicans
ATCC™ 10231

Candida krusei
ATCC™ 14243
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BiGGY Agar, cont.

Formula
BBL™ BiGGY Agar
Approximate Formula* Per Liter

Bismuth Ammonium Citrate.........ccccoovviiviiiiiicce 50 g
SOdiUM SUHITE. ..o 30 g
Dextrose g
GIYCINE. e g
Yeast EXTract .....oooooiiiii 1.0 g
AGAI 16.0 g

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 45 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for not more than
1 minute to completely dissolve the powder. DO NOT
AUTOCLAVE.

3. Cool to approximately 45-50°C. Swirl to disperse the
insoluble material and pour into plates.

4. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

Consult appropriate references for information about the
processing and inoculation of specimens such as tissues,
skin scrapings, hair, nail clippings, etc.> The streak plate
technique is used primarily to obtain isolated colonies from
specimens containing mixed flora. When using slants, streak the
surface of the slant with a sterile inoculating loop needle using
two to three isolated colonies.

Incubate plates in an inverted position (agar side up) for up
to 5 days at 25 = 2°C.

Expected Results

Within 5 days of incubation, the plates should show isolated
colonies in streaked areas and confluent growth in areas of heavy
inoculation. Slants should show evidence of growth.

Examine plates and slants for colonies showing characteristic
growth patterns and morphology. The following table sum-
marizes typical Candida colonial morphology.®

SPECIES OF CANDIDA
C. albicans

COLONIAL MORPHOLOGY

Smooth, circular or hemispherical brown-black
colonies; may have slight mycelial fringe; no color
diffusion into surrounding medium; no metallic
sheen.

Smooth, discrete, dark brown to black colonies
(may have black-colored centers); slight mycelial
fringe; diffuse blackening of medium after

72 hours; metallic sheen.

C. tropicalis

C. krusei Large, flat, wrinkled silvery brown-black colonies
with brown peripheries; yellow to brown halo
diffusion into medium; metallic sheen.

C keyfr Medium size, flat, dark reddish-brown glistening
colonies; may have slight mycelial fringe;
no diffusion.
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Availability

BBL™ BiGGY Agar

Cat. No. 211027 Dehydrated - 500 g
United States and Canada

Cat. No. 297254  Prepared Plates — Pkg. of 20*
297255  Prepared Slants — Pkg. of 10*

Europe

Cat. No. 255002 Prepared Plates — Pkg. of 20*

Mexico

Cat. No. 252563 Prepared Plates — Pkg. of 10*

*Store at 2-8°C.

Bacteroides Bile Esculin Agar (BBE)

Intended Use

Bacteroides Bile Esculin Agar (BBE) is recommended as a
primary isolation medium for the selection and presumptive
identification of the B. fragilis group.'?

Summary and Explanation

Among the most frequently encountered anaerobes in human
clinical infections are members of the “Bacteroides fragilis
group”. Rapid detection and identification of these organisms
is important since they have been found to be more resistant
to antimicrobial therapy than other anaerobes.? B. fragilis and
B. thetaiotaomicron are the species of greatest clinical signifi-
cance.’ Other species in the group include: B. caccae, B. distasonis,
B. eggerthii, B. merdae, B. ovatus, B. stercoris, B. uniformis
and B. vulgatus.

Frequently these pathogens occur in a mixture of microor-
ganisms which may overgrow the primary isolation medium.
Selective media, such as CDC Anaerobe 5% Sheep Blood Agar
with Kanamycin and Vancomycin, have been recommended
as appropriate for primary isolation.* However, limited
evidence for the presumptive identification of the B. fragilis
group was provided. In 1978, Livingston et al. described a
primary plating medium (BBE) which was found to provide
selective recovery of the B. fragilis group and also evidence for
presumptive identification.!

Principles of the Procedure

Bacteroides Bile Esculin Agar is a primary plating medium for
the selective isolation and presumptive identification of the
B. fragilis group. Selective inhibition of facultative anaerobes



and most gram-negative anaerobic organisms is obtained by
the presence of gentamicin and oxgall. Differentiation of the
B. fragilis group is based on esculin hydrolysis, which produces
esculetin and dextrose. The esculetin reacts with the iron salt
(ferric ammonium citrate) contained in the medium to produce
a dark brown to black complex that appears in the medium
surrounding colonies of members of the B. fragilis group.

Procedure

As some strains of the B. fragilis group may not grow well
due to the selective properties of the medium, it is advisable
to include a nonselective blood agar medium, such as CDC

Bacteroides fragilis
ATCC™ 25285

Baird-Parker Agar

Anaerobe 5% Sheep Blood Agar. All media should be pre-
reduced. Incubate immediately under anaerobic conditions
(BD GasPak™ EZ anaerobic systems or alternative anaerobic
system) for at least 48 hours at 35 + 2°C.

Expected Results

After 48 hours of incubation, colonies of the B. fragilis group
should be greater than 1 mm in diameter and appear gray,
circular, entire and raised. Most anaerobes other than the
B. fragilis group are inhibited. Esculin hydrolysis is indicated by
a blackening of the medium around the colonies.

Limitation of the Procedure
B. vulgatus may not hydrolyze esculin.>?

References
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2. Isenberg and Garcia (ed.), 2004 (update, 2007). Clinical microbiology procedures handbook, 2nd ed.
American Society for Microbiology, Washington, D.C.
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Availability
BBL™ Bacteroides Bile Esculin Agar (BBE)

[ BS12]

United States and Canada

Cat. No. 221836 Prepared Plates — Pkg. of 10*
Japan

Cat. No. Prepared Plates — Pkg. of 10*

BBL™ Bacteroides Bile Esculin Agar (BBE)//
CDC Anaerobe Laked Sheep Blood Agar with KV

251972

Cat. No. 297022 Prepared I Plate™ Dishes — Pkg. of 20*
297260 Prepared I Plate™ Dishes — Ctn. of 100*

*Store at 2-8°C.

Baird-Parker Agar Base ¢ Baird-Parker Agar

EY Tellurite Enrichment

Intended Use

Baird-Parker Agar Base is used with EY (Egg Yolk) Tellurite
Enrichment in the preparation of Egg-Tellurite-Glycerine-
Pyruvate Agar (ETGPA) for selective isolation and enumeration
of coagulase-positive staphylococci from food, skin, soil, air and
other materials. It may also be used for identification of staphy-
lococci on the basis of their ability to clear egg yolk.

Summary and Explanation

A number of culture media had been utilized for the recovery
of staphylococci from foods prior to the development of a
new formulation by Baird-Parker in 1962.12 This scientist
subsequently published additional results on the efficacy of
the medium for the recovery of coagulase-positive staphy-
lococci®* In 1971, Tardio and Baer® and Baer® reported on

the results of a study comparing 18 staphylococcal isolation
media in which they concluded that Baird-Parker Agar should
be substituted for Vogel and Johnson Agar in the official AOAC
procedure for the isolation and enumeration of Staphylococ-
cus aureus. In this study, it was shown that Baird-Parker Agar
was less inhibitory than Vogel and Johnson Agar for selected
strains of S. aureus and that it possesses a diagnostic aid (egg
yolk reaction) not present in Vogel and Johnson Agar. The use
of Baird-Parker Agar subsequently was officially adopted by
AOAC International.’”

Principles of the Procedure

Baird-Parker Agar Base contains peptone, beef extract and yeast
extract as sources of nitrogenous compounds, carbon, sulfur,
vitamins and trace minerals. Sodium pyruvate is incorporated
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in order to stimulate the growth of . aureus without destroying
the selectivity. The tellurite additive is toxic to egg yolk-
clearing strains other than S. aureus and imparts a black color
to the colonies. The egg yolk additive, in addition to being
an enrichment, aids in the identification process by demon-
strating lecithinase activity (egg yolk reaction). Glycine and
lithium chloride have inhibitory action for organisms other
than S. aureus.

Formulae
Difco™ Baird-Parker Agar Base

Approximate Formula* Per 950 mL

Pancreatic Digest of Casein .........ccocoviiviiiiiiii 10.0
Beef EXtract.......cocovvvvviiiiiiiin,

Yeast Extract
GIYCINE. .o
Sodium Pyruvate
Lithium Chloride

Quuuuuuuauu

Difco™ EY Tellurite Enrichment

Egg yolk emulsion containing potassium tellurite consists of 30%
egg yolk suspension with 0.15% potassium tellurite.
*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

S

Autoclave at 121°C for 15 minutes.

4. Cool to 45-50°C and aseptically add 50 mL of EY Tellurite
Enrichment. Mix thoroughly but gently.

5. Test samples of the finished product for performance using

stable, typical control cultures.

Procedure

Food samples are macerated in suitable broth medium, diluted
as desired and the dilutions spread-inoculated onto the agar
surfaces, which should be dry when inoculated. Incubate plates
aerobically for 24 hours at 35 = 2°C. Consult references for
detailed instructions.”

Expected Results

Typical colonies of S. aureus are black, shiny, convex and
surrounded by clear zones (egg yolk reaction) of approximately
2-5 mm. Coagulase-negative staphylococci generally do not
grow well; if some growth occurs, the typical clear zones are
absent. The majority of other organisms are inhibited but some
may grow sparsely, producing white to brown colonies with no
clearing of the egg yolk.

Limitation of the Procedure

Dehydrated Product Baird-Parker Agar is selective for coagulase-positive staphylo-
1. Suspend 63 g of the powder in 950 mL of purified water.  cocci, but other bacteria may grow. Microscopic examination
Mix thoroughly. and biochemical tests will differentiate coagulase-positive

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

staphylococci from other organisms.

User Quality Control Sl S
Identity Specifications

Difco™ Baird-Parker Agar Base

Dehydrated Appearance: Light tan, free-flowing, homogeneous.

Solution: 6.3 g/95 mL solution, soluble in purified water
upon boiling. Solution is light to medium amber,
very slightly to slightly opalescent.

Prepared Appearance (Final):  Yellow, opaque.

Reaction of 6.3 g/95 mL
Solution at 25°C: pH6.9 0.1
Difco™ EY Tellurite Enrichment

Appearance: Canary yellow, opaque suspension with a
resuspendable precipitate.

Cultural Response
Difco™ Baird-Parker Agar Base with EY Tellurite
Enrichment

Prepare the medium per label directions. Inoculate and incubate at 35 + 2°C
for 24-50 hours.

LECITHINASE

INOCULUM COLONY  PRODUCTION

ORGANISM ATCC" CFU RECOVERY COLOR (HALOS)
Bacillus subtilis 6633 10° None to poor ~ Brown -
Proteus mirabilis 25933 10° Good Brown -
Staphylococcus

aureus 25923 10%-3x10? Good Black +
Staphylococcus

epidermidlis 14990 10%-3x10?> Poortogood  Black -

72
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Availability
Difco™ Baird-Parker Agar Base
(150 § SMD § SMWW |

Cat. No. 276840 Dehydrated —500 g
276810 Dehydrated — 2 kg

Beef Extract

Difco™ EY Tellurite Enrichment

[ BAM | 15O J sMD § sMww J USDA |
Cat. No. 277910 Bottle—6 x 100 mL*

BBL™ Baird-Parker Agar

AOAC | BAM J CCAM | COMPF J iSO J SMD § SMWW JUSDA |
United States and Canada

Cat. No. 297214  Prepared Plates (complete) — Pkg. of 20*
297725 Prepared Plates (complete) — Ctn. of 100*

Europe

Cat. No. 255084  Prepared Plates (complete) — Pkg. of 20*

Mexico

Cat. No. 223950 Prepared Plates (complete) — Pkg. of 10*

*Store at 2-8°C.

Beef Extract Powder ¢ Bacto™ Beef Extract,

Desiccated ¢ Beef Extract

Intended Use

Beef Extract Powder, Bacto™ Beef Extract, Desiccated and Beef
Extract (paste) are used in preparing microbiological culture
media.

™

Summary and Explanation

Beef Extract is intended to replace aqueous infusion of meat in
microbiological culture media. Beef Extract is frequently used
at a concentration of 0.3 to 1.0% in culture media, although
concentrations may vary depending on the nutritional require-
ments for the medium formulation. Beef Extract may be relied
upon for biochemical studies, particularly fermentation reac-
tions, because of its independence from fermentable substances
that would interfere with the accuracy of such determinations.

Beef Extract was used in media for early studies of nonsporu-
lating anaerobes of the intestinal tract and as a stock broth in
the study of nutritional needs of streptococci. Prokofeva et al.!
used Beef Extract for growing thermoacidophilic organisms
newly isolated from hot springs in Kamchatka, Russia. Kataoka
and Tokiwa? used Beef Extract as a nitrogen source in studies
of mannose production by Clostridium tertium strains isolated
from soil and methanogenic sludge. In addition, Beef Extract
is a nutritive ingredient in many classical culture media,
including Antibiotic Assay media described in The United States
Pharmacopeia,’ and several media recommended for standard
methods applications.*¢

Beef Extract Powder is a meat extract dried to a powdered
form.

Bacto Beef Extract, Desiccated is the dried form of Beef
Extract (paste) and was developed to provide a product for ease
of use in handling.

Beef Extract is a meat extract in paste form.

These products are to be used in a one for one substitution;
however, variations tend to be formulation-specific and require
actual performance testing.

Principles of the Procedure

Beef Extract Powder, Bacto Beef Extract, Desiccated and Beef
Extract (paste) are derived from infusion of beef and provide
an undefined source of nutrients. These Beef Extract products
are not exposed to the harsh treatment used for protein
hydrolysis, so they can provide some of the nutrients lost
during peptone manufacture.” Beef Extract Powder, Bacto Beef
Extract, Desiccated and Beef Extract (paste) are mixtures of
peptides and amino acids, nucleotide fractions, organic acids,
minerals and some vitamins. The function of these Beef
Extract products can be described as complementing the
nutritive properties of peptone by contributing minerals,
phosphates, energy sources and those essential factors missing
from peptone.®

Typical Analysis
Refer to Product Tables in the Reference Guide section of this
manual.

Directions for Preparation from
Dehydrated Product

Refer to the final concentration of Beef Extract Powder,
Beef Extract, Desiccated or Beef Extract in the formula of the
medium being prepared. Add appropriate product as required.

Procedure

See appropriate references for specific procedures using
Beef Extract Powder, Bacto Beef Extract, Desiccated or Beef
Extract.

Expected Results

Refer to appropriate references and procedures for results.
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User Quality Control

NOTE: Differences in the Identity Specifications and Cultural Response testing for media offered as both Difco™ and BBL™ brands may reflect differences in the
development and testing of media for industrial and clinical applications, per the referenced publications.

Identity Specifications
Bacto™ Beef Extract, Desiccated
Dehydrated Appearance:  Medium to dark brown crystalline powder.

Solution: 0.3% solution, soluble in purified water upon
warming. Solution is light to medium amber,
clear.

Reaction of 0.3%

Solution at 25°C: pH7.0+04

Difco™ Beef Extract
Dehydrated Appearance:  Medium to dark brown paste.

Solution: 0.3% solution, soluble in purified water upon
warming. Solution is light to medium amber,
clear.

Reaction of 0.3%

Solution at 25°C: pH6.9+0.2

Cultural Response

Bacto™ Beef Extract, Desiccated

Prepare a sterile solution of 0.3% Beef Extract, Desiccated and 0.5%
Bacto Peptone. Adjust final pH to 6.9-7.1. Inoculate and incubate tubes at
35 + 2°C for 18-48 hours.

ORGANISM ATCC*  INOCULUM CFU  RECOVERY
Enterobacter aerogenes 13048 10%-10° Good
Escherichia coli 25922 10%-10° Good
Klebsiella pneumoniae 10031 10%-10° Good
Salmonella enterica

subsp. enterica

serotype Typhimurium 14028 10%-10° Good
Shigella flexneri 12022 10%-10° Good
Staphylococcus aureus 25923 10%-10° Good
Staphylococcus aureus 6538P 10%-10° Good
Staphylococcus epidermidis 12228 10%-10° Good

Difco™ Beef Extract

Prepare a sterile solution of 0.3% Beef Extract and 0.5% Bacto Peptone.
Adjust final pH to 6.9-7.1. Inoculate and incubate tubes at 35 + 2°C for
18-48 hours.

ORGANISM ATCC*  INOCULUM CFU  RECOVERY
Salmonella enterica

subsp. enterica

serotype Typhimurium 14028 10%-10° Good
Staphylococcus aureus 25923 10%-10° Good

Identity Specifications
BBL™ Beef Extract Powder

Dehydrated Appearance:  Fine, homogeneous, light to light medium, cream
to tan.

Solution: 2.0% solution, soluble in purified water. Solution
is light to light medium, yellow to tan, clear to
slightly hazy.

Reaction of 2.0%

Solution at 25°C: pH7.0+0.5

Cultural Response

BBL™ Beef Extract Powder

Prepare a sterile solution of peptone agar using 5.0 g of Beef Extract Powder,
1.25 g of sodium chloride and 3.25 g of agar in 250 mL of purified water.
Adjust final pH to 7.2-7.4. Inoculate and incubate plates at 35 + 2°C for
2 days under appropriate atmospheric conditions.

ORGANISM ATCC™ INOCULUM CFU  RECOVERY
Escherichia coli 25922 10%-10° Good
Staphylococcus aureus 25923 10%-10° Good
Streptococcus pyogenes 49117 10%-10° Good
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formulary 26, Supp. 1, 8-1-08, online. United States Pharmacopeial Convention, Inc., Rockville, Md.

4. Eaton, Rice and Baird (ed.). 2005. Standard methods for the examination of water and wastewater,
21st ed., online. American Public Health Association, Washington, DC.

5. Downes and Ito (ed.). 2001. Compendium of methods for the microbiological examination of foods,
4th ed. American Public Health Association, Washington, D.C.

6. Horwitz (ed.). 2007. Official methods of analysis of AOAC International, 18th ed., online. AOAC
International, Gaithersburg, Md.
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Availability
BBL™ Beef Extract Powder

H
Cat. No. 212303 Dehydrated — 500 g

Bacto™ Beef Extract Desiccated

| COMPF | SMWW |

Cat. No. 211520 Dehydrated - 500 g
Difco™ Beef Extract

H
Cat. No. 212610 Dehydrated - 500 g

Beef Heart for Infusion

Intended Use
Beef Heart for Infusion is used in preparing microbiological
culture media.

Summary and Explanation

Beef Heart for Infusion is prepared from fresh beef heart
tissue and dried to a powdered form. Beef Heart for Infusion
is processed from large quantities of raw material, retaining
all the nutritive and growth-stimulating properties of the fresh
tissues. One hundred grams of Beef Heart for Infusion are



the equivalent of 500 g of fresh heart tissue. Beef Heart for
Infusion supplies the nutritional requirements for growth of
microorganisms in Heart Infusion media.

One of the first media used for the cultivation of bacteria was a
liquid medium containing an infusion of meat. Huntoon' used
fresh beef heart and Bacto Peptone to prepare a “hormone”
broth to retain growth-promoting substances. Highly pathogenic
organisms, such as meningococci and pneumococci, could be
grown on infusion medium without enrichments.!

Beef Heart for Infusion is a component of Heart Infusion
media. Heart Infusion media are used in the mass production
of microorganisms for vaccine production and are specified
in standard methods for other multiple applications.””

User Quality Control

Identity Specifications
Difco™ Beef Heart for Infusion
Dehydrated Appearance:  Tan to medium brown, fine, homogeneous.

Solution: 5.0% solution, not completely soluble in purified

water. Solution, after filtration, is light to medium
amber, clear to slightly opalescent, may have a

precipitate.
Reaction of 5.0%
Solution at 25°C: pH7.5-7.8
Cultural Response

Difco™ Beef Heart for Infusion

Prepare a 5% solution of Beef Heart for Infusion. Infuse for one hour
at 50 £ 2°C. Heat to boiling for 3-5 minutes and filter. Add 2% Pro-
teose Peptone No. 3, 0.5% sodium chloride and 0.005% dextrose to
the filtrate. Adjust pH to 7.5-7.8. Boil and filter before autoclaving. Inoculate
and incubate tubes at 35 + 2°C for 18-48 hours.

ORGANISM ATCC"  INOCULUM CFU  RECOVERY
Escherichia coli 25922 10%-10° Good
Klebsiella pneumoniae 13883 10%-10° Good
Staphylococcus aureus 25923 10%-10° Good
Streptococcus pyogenes 19615 10%-10° Good

Bile Esculin Agar

Principles of the Procedure
Beef Heart for Infusion provides nitrogen, amino acids and
vitamins in microbiological culture media.

Typical Analysis
Refer to Product Tables in the Reference Guide section of this
manual.

Directions for Preparation from
Dehydrated Product

Infusions can be prepared using 50 g of Beef Heart for
Infusion per liter of purified water. For best results, infuse
at 50° C for 1 hour. Heat the infusion to boiling for a few
minutes to coagulate some of the proteins and filter. Add
peptone and remaining ingredients of the medium to the
filtrate. Adjust the pH to 7.5-7.8. Boil the medium and filter
before autoclaving. Consult appropriate references for further
directions on preparation of specific products.

Procedure
See appropriate references for specific procedures using Beef
Heart for Infusion.>*

Expected Results

Refer to appropriate references and procedures for results.
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International, Gaithersburg, Md.

5. U.S. Environmental Protection Agency. 2000. Improved enumeration methods for the recreational
water quality indicators: Enterococci and Escherichia coli. EPA-821/R-97/004. Office of Water, USEPA,
Washington, D.C.

6. Eaton, Rice and Baird (ed.). 2005. Standard methods for the examination of water and wastewater,
21st ed., online. American Public Health Association, Washington, D.C.

7. U.S. Department of Agriculture. Microbiology laboratory guidebook, online. Food Safety and Inspec-
tion Service, USDA, Washington, D.C.

Availability
Difco™ Beef Heart for Infusion

{ BAV | EPA § SMWW J USDA |
Cat. No. 213210 Dehydrated - 500 g

Bile Esculin Agar

Intended Use
Bile Esculin Agar is used to differentiate enterococci and the
Streptococcus bovis group from other streptococci.'”

Summary and Explanation

Rochaix noted the value of esculin hydrolysis in the identifica-
tion of enterococci.’ The enterococci were able to split esculin,
but other streptococci could not. Meyer and Schonfeld
incorporated bile into the esculin medium and showed that
61 of 62 enterococci were able to grow and split esculin,
whereas the other streptococci could not.* Swan used an esculin

medium containing 40% bile salts and reported that a positive
reaction on the bile esculin medium correlated with a serological
group D precipitin reaction.’

Principles of the Procedure

Enterococci and certain streptococci hydrolyze the glycoside
esculin to esculetin and dextrose. Esculetin reacts with an iron
salt to form a dark brown or black complex.® Ferric citrate
is incorporated into the medium as an indicator of esculin
hydrolysis and resulting esculetin formation. Oxgall is used to
inhibit gram-positive bacteria other than enterococci.
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Bile Esculin Agar, cont.

Formula

BBL™ Bile Esculin Agar
Approximate Formula* Per Liter
Pancreatic Digest of Gelatin ..........cccccooeviiiiiii, 5.0
Beef EXTIraCt. .o
Oxgall .vveeiiiiiiiici,
Ferric Citrate
ESCUIIN oo
AGAE

*Adjusted and/or supplemented as required to meet performance criteria.

Quuuuuauu

Directions for Preparation from

Dehydrated Product

1. Suspend 43.5 g of the powder in 1 liter of purified water.
Mix thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Autoclave at 121°C for 15 minutes.

4. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure
Inoculate the medium with two or three colonies and incubate
overnight at 35 = 2°C in an aerobic atmosphere.

Expected Results
Any blackening of the plated medium indicates a positive
result; if no blackening occurs, the test is negative.

For slants, if more than half of the slant is blackened within
24-48 hours, the test is positive; if less than half is blackened or
no blackening occurs within 24-48 hours, the test is negative.

Limitations of the Procedure

1. Strains of Lactococcus, Leuconostoc and Pediococcus that
give a positive bile-esculin reaction have been isolated from
human infections."?

2. Occasional strains of viridans streptococci blacken the
medium or display weakly positive reactions.?

User Quality Control

Identity Specifications

BBL™ Bile Esculin Agar

Dehydrated Appearance:  Fine, homogeneous, free of extraneous material,
may contain a moderate amount of very small
dark particles.

Solution: 4.35% solution, soluble in purified water upon
bailing. Solution is dark, tan olive to olive green

with a blue tint, trace hazy to hazy.

Dark, tan olive to olive green with a blue tint,
trace hazy to hazy.

Prepared Appearance:

Reaction of 4.35%
Solution at 25°C: pH6.8+0.2
Cultural Response

BBL™ Bile Esculin Agar

Prepare the medium per label directions. Inoculate and incubate at
35 + 2°C for 42-48 hours.

INOCULUM
ORGANISM ATCC™ CFU RECOVERY REACTION
Enterococcus
faecalis 29212 10°-10* Good Blackening
Streptococcus Partial to
pyogenes 19615  10*%10° complete inhibition No blackening
References

1. Ruoff, Whiley and Beighton. 1999. In Murray, Baron, Pfaller, Tenover and Yolken (ed.), Manual of
clinical microbiology, 7th ed. American Society for Microbiology, Washington, D.C.

. Facklam, Sahm and Teixeira. 1999. In Murray, Baron, Pfaller, Tenover and Yolken (ed.), Manual of
clinical microbiology, 7th ed. American Society for Microbiology, Washington, D.C.

. Rochaix. 1924. Comt. Rend. Soc. Biol. 90:771.

. Meyer and Schonfeld. 1926. Zentralbl. Bakeriol. Parasitenk. Infectionskr. Hyg. Abt. Orig. 99:402.

. Swan. 1954. J. Clin. Pathol. 7:160.

. MacFaddin. 2000. Biochemical tests for identification of medical bacteria, 3rd ed., Lippincott Williams
& Wilkins, Baltimore, Md.
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Availability

BBL™ Bile Esculin Agar

Cat. No. 299068 Dehydrated -500 g
221838  Prepared Plates — Pkg. of 10*
221409  Prepared Slants — Pkg. of 10*
221410  Prepared Slants — Ctn. of 100*

*Store at 2-8°C.

Biosate™ Peptone

Intended Use
Biosate Peptone is used as a component in microbiological
culture media or in fermentation applications.

Summary and Explanation

Biosate Peptone is a mixed hydrolysate comprised of casein
and yeast extract at a ratio of 65:35. The synergistic effect of
two or more types of hydrolysates is well documented and has
been utilized for decades in culture media formulation. The
combination of pancreatic digest of casein and yeast extract
provides nutritional benefits that are not provided by the
components alone. It has been reported that the combined use
of these two peptones has shown improved toxin production
in clostridia."? Additionally, the combination of pancreatic

digest of casein and yeast extract has been used successfully
as components in media which supported the hatching and
culture of Giardia spp. from cysts and the first-time culturing of
a nematode without the need of its symbiotic bacteria.>*

Principles of the Procedure

Biosate Peptone provides nitrogen, amino acids and vitamins
in microbiological culture media. In addition, the yeast
extract component of the product provides proteins, carbohy-
drates and some micronutrients.

Typical Analysis
Refer to Product Tables in the Reference Guide section of
this manual.



Precautions®

1. Biosafety Level 2 practices, containment equipment and
facilities are recommended for activities with clinical
specimens of human or animal origin containing or poten-
tially containing pathogenic Brucella spp.

2. Biosafety Level 3 practices, containment equipment and
facilities are recommended for all manipulations of cultures
of the pathogenic Brucella spp. and for experimental
animal studies.

Directions for Preparation from
Dehydrated Product

Refer to the final concentration of Biosate Peptone in the formula
of the medium being prepared. Add product as required.

Procedure
See appropriate references for specific procedures using Biosate
Peptone.

Expected Results

Refer to appropriate references and procedures for results.

References

1. Artemenko, Ivanova, Nenashev, Kuznetsova and Ochkina. 1985. Zhurnal Mikrobiologii,
Epidemiologii, i Inmunobiologii. 11:37.

Biotin Assay Medium

User Quality Control

Identity Specifications
BBL™ Biosate™ Peptone

Dehydrated Appearance:  Yellow-tan powder, fine, homogeneous, free of
extraneous material.

Solution: 2.0% solution, soluble in purified water. Solution
is light to medium, yellow to tan, clear to slightly
hazy.

Reaction of 2.0%

Solution at 25°C: pH 6.3-7.5

Cultural Response

BBL™ Biosate™ Peptone

Prepare a sterile solution of peptone agar using 10 g of Biosate Peptone,
2.5 g of sodium chloride and 6.5 g of agar in 500 mL of purified water.
Adjust final pH to 7.2-7.4. Inoculate and incubate plates at 35 + 2°C for
2-3 days (incubate Brucella abortus and Streptococcus pyogenes with
3-5% CO,).

ORGANISM ATCC™  INOCULUM CFU  RECOVERY
Brucella abortus 11192* 10%-10 Good
Escherichia coli 25922 10%10° Good
Staphylococcus aureus 6538P 10%-10° Good
Streptococcus pyogenes 49117 10%-104 Good

*If this strain is not available, verify performance with a known isolate.

Availability
BBL™ Biosate™ Peptone
Cat. No. 211862 Dehydrated — 454 g

. Siegel and Metzger. 1980 Appl. Environ. Microbiol. 40:1023.

. Ponce, Martinez and Alvarez. 1989. Archivos de Investigacion Medica. 20:123.

. Dorsman and Bijl. 1985. J. Parasitol. 71:200.

. U.S. Public Health Service, Centers for Disease Control and Prevention, and National Institutes of

©Go

Health. 2007. Biosafety in microbiological and biomedical laboratories, Sth ed. HHS Publication No.
(CDC) 93-8395. U.S. Government Printing Office, Washington, D.C.

294312  Dehydrated — 25 Ib (11.3 kg)

Biotin Assay Medium

Intended Use
Biotin Assay Medium is used for determining biotin concentra-
tion by the microbiological assay technique.

Summary and Explanation
Vitamin assay media are used in the microbiological assay of
vitamins. Three types of media are used for this purpose:

1. Maintenance Media: For carrying the stock culture to pre-
serve the viability and sensitivity of the test organism for its
intended purpose;

2. Inoculum Media: To condition the test culture for immediate
use;

3. Assay Media: To permit quantitation of the vitamin under
test. They contain all the factors necessary for optimal growth
of the test organism except the single essential vitamin to be
determined.

Biotin Assay Medium is prepared for use in the microbiological
assay of biotin using Lactobacillus plantarum ATCC™ 8014 as
the test organism.

Principles of the Procedure
Biotin Assay Medium is a biotin-free dehydrated medium
containing all other nutrients and vitamins essential for the

User Quality Control

Identity Specifications

Difco™ Biotin Assay Medium

Dehydrated Appearance:  Light beige, homogeneous with a tendency to
clump.

Solution: 3.75% (single strength) solution, soluble in
purified water upon boiling 2-3 minutes. Solu-
tion is light amber, clear, may have a slight

precipitate.

Prepared Appearance: Light amber, clear, may have a slight precipi-
tate.

Reaction of 3.75%

Solution at 25°C: pH 6.8 0.2

Cultural Response

Difco™ Biotin Assay Medium

Prepare the medium per label directions. The medium supports the
growth of Lactobacillus plantarum ATCC™ 8014 when prepared in single
strength and supplemented with biotin. The medium should produce a
standard curve when tested with a biotin reference standard at 0.0 to 1.0 ng
per 10 mL. Incubate tubes with caps loosened at 35-37°C for 16-20 hours.
Read the percent transmittance using a spectrophotometer at 660 nm.
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Biotin Assay Medium, cont.

cultivation of L. plantarum ATCC 8014. The addition of a
biotin standard in specified increasing concentrations gives
a growth response by this organism that can be measured
titrimetrically or turbidimetrically.

Formula
Difco™ Biotin Assay Medium
Approximate Formula* Per Liter

Vitamin Assay Casamino ACIdS.........cccooovivieiiinennne. 120 g
DEXIIOSE ...t 400 g
SOdIUM ACETAtE ..o 200 g
L-CYSTiNE e 02 g
DL-Tryptophan ... 02 g
Adenine Sulfate ........cooiiiiiii 20.0 mg
Guanine Hydrochloride ..o 20.0 mg
UFaQil o 20.0 mg
Thiamine Hydrochloride ..........cccooiiiiiiiiiiice 2.0 mg
RIDOTIAVIN ... 2.0 mg
NIZCIN . 2.0 mg
Calcium Pantothenate............ccooeiiiiiii 2.0 mg
Pyridoxine Hydrochloride...........ccocvveviiiiiiiiiii 4.0 mg
P-AMINODENZOIC ACI.....veieiiieiiicee e 200.0 ug
Dipotassium Phosphate ...........ccccovveiiiiieiiiciiicee, 1.0 g
Monopotassium Phosphate...........cccooiiiiiiiiiiiins 1.0 g
Magnesium Sulfate ..........cccooeviiiiiiiiiceccee e 04 g
Sodium Chloride .......oooviiiiiiie 20.0 mg
Ferrous Sulfate ... 20.0 mg
Manganese Sulfate ..........ccccovviiiiiiiiici 20.0 mg

*Adjusted and/or supplemented as required to meet performance criteria.

Precautions

Great care must be taken to avoid contamination of media or
glassware in microbiological assay procedures. Extremely small
amounts of foreign material may be sufficient to give erroneous
results. Scrupulously clean glassware free from detergents and
other chemicals must be used. Glassware must be heated to
250°C for at least 1 hour to burn off any organic residues that
might be present. Take precautions to keep sterilization and
cooling conditions uniform throughout the assay.

Directions for Preparation from

Dehydrated Product

1. Suspend 7.5 g of the powder in 100 mL of purified water.

2. Heat with frequent agitation and boil for 2-3 minutes to
completely dissolve the powder.

3. Dispense 5 mL amounts into tubes, evenly dispersing the
precipitate.

4. Add standard or test samples.

5. Adjust tube volume to 10 mL with purified water.

6. Autoclave at 121°C for 5 minutes.

Procedure

Stock Cultures

Stock cultures of the test organism, L. plantarum ATCC 8014,
are prepared by stab inoculation of Lactobacilli Agar AOAC,
After 16-24 hours incubation at 35-37°C, the tubes are stored
in the refrigerator. Transfers are made weekly.

Inoculum

Inoculum for assay is prepared by subculturing from a stock
culture of L. plantarum ATCC 8014 to 10 mL of single-strength

Biotin Assay Medium supplemented with 0.5 ng biotin. After
16-24 hours incubation at 35-37°C, the cells are centrifuged
under aseptic conditions and the supernatant liquid decanted.
The cells are washed three times with 10 mL sterile 0.85%
saline. After the third wash, the cells are resuspended in 10 mL
sterile 0.85% saline and finally diluted 1:100 with sterile 0.85%
saline. One drop of this suspension is used to inoculate each
10 mL assay tube.

Standard Curve

It is essential that a standard curve be constructed each time
an assay is run. Autoclave and incubation conditions can
influence the standard curve reading and cannot always be
duplicated. The standard curve is obtained by using biotin at
levels of 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8 and 1 ng per assay
tube (10 mL).

The concentration of biotin required for the preparation of
the standard curve may be prepared by dissolving 0.1 gram of
d-Biotin or equivalent in 1,000 mL of 25% alcohol solution
(100 pg per mL). Dilute the stock solution by adding 2 mL
to 98 mL of purified water. This solution is diluted by adding
1 mL to 999 mL purified water, giving a solution of 2 ng
of biotin per mL. This solution is further diluted by adding
10 mL to 90 mL purified water, giving a final solution of 0.2 ng
of biotin per mL. Use 0.0, 0.5, 1, 1.5, 2, 2.5, 3,4 and 5 mL of
this final solution. Prepare the stock solution fresh daily.

Biotin Assay Medium may be used for both turbidimetric and
titrimetric analysis. Before reading, the tubes are refrigerated
for 15-30 minutes to stop growth. Turbidimetric readings
should be made after 16-20 hours at 35-37°C. Titrimetric
determinations are made after 72 hours incubation at 35-37°C.
The most effective assay range, using Biotin Assay Medium, has
been found to be between 0.1 ng and 1 ng biotin.

For a complete discussion of vitamin assay methodology, refer
to appropriate procedures outlined in the reference.!

Expected Results

1. Prepare a standard concentration response curve by plotting
the response readings against the amount of standard in each
tube, disk or cup.

2. Determine the amount of vitamin at each level of assay
solution by interpolation from the standard curve.

3. Calculate the concentration of vitamin in the sample from
the average of these values. Use only those values that do
not vary more than +10% from the average. Use the results
only if two-thirds of the values do not vary by more than
+10%.

Limitations of the Procedure

1. The test organism used for inoculating an assay medium
must be cultured and maintained on media recommended for
this purpose.

2. Aseptic technique should be used throughout the assay
procedure.



3. The use of altered or deficient media may cause mutants
having different nutritional requirements that will not give
a satisfactory response.

4. For successful results to these procedures, all conditions of
the assay must be followed precisely.

Bismuth Sulfite Agar

Reference

1. United States Pharmacopeial Convention, Inc. 2008. The United States pharmacopeia 31/The
national formulary 26, Supp. 1, 8-1-08, online. United States Pharmacopeial Convention, Inc.,
Rockville, Md.

Availability
Difco™ Biotin Assay Medium

Cat. No. 241910 Dehydrated — 100 g*
*Store at 2-8°C.

Bird Seed Agar

Intended Use
Bird Seed Agar is a selective and differential medium used in
the identification of Cryptococcus neoformans.

Summary and Explanation

Bird Seed Agar was initially described by Staib.! He found
that Cryptococcus neoformans produced characteristic brown
colonies when cultivated on a growth medium containing an
extract prepared from the seeds of the Indian thistle plant
Guizotia abyssinica. C. neoformans is the only yeast known to
produce this pigmentation.?

Shields and Ajello later modified the original formulation by
the addition of the antimicrobial agent chloramphenicol.’ The
concentration of chloramphenicol has been doubled in this
medium to improve the inhibition of bacteria.

Principles of the Procedure

The seed extract contains caffeic acid, which serves as a
substrate for phenol oxidase, an enzyme present in the cell
wall of C. neoformans. The subsequent enzymatic reaction
produces the brown pigment melanin, resulting in tan to
brown pigmentation of the yeast colonies. C. neoformans is
the only species known to produce this enzyme, although with
occasional isolates (particularly serotype C) the production of
phenol oxidase may have to be induced.?

The addition of the antimicrobial agent chloramphenicol
improves the recovery of Cryptococcus from specimens
containing mixed flora by suppressing bacterial growth.

Procedure

To prepare plates from agar deeps, liquefy medium in boiling
water bath and pour molten medium into a sterile Petri dish;
allow medium to solidify and dry before use.

Using a sterile inoculating loop or needle, pick two or three
isolated colonies from the subculture medium and streak over slant
or plate surface. Incubate media at 25-30°C for up to 7 days.

Expected Results

Yeast-like organisms that produce tan to brown colonies on
this medium within 4-7 days may be presumptively identified
as C. neoformans.

References

1. Staib. 1962. Z. Hyg. Infekt. Med. Mikrobiol. Immunol. 148:466.

2. Warren and Hazen. 1999. In Murray, Baron, Pfaller, Tenover and Yolken (ed.), Manual of clinical
microbiology, 7th ed. American Society for Microbiology, Washington, D.C.

3. Shields and Ajello. 1966. Science 151:208.

Availability
BBL™ Bird Seed Agar
Cat. No. 297875 Prepared Plates — Pkg. of 10*

297096  Prepared Pour Tubes (20 mL) — Pkg. of 10
*Store at 2-8°C.

Bismuth Sulfite Agar

Intended Use

Bismuth Sulfite Agar is a highly selective medium used for
isolating Salmonella spp., particularly Salmonella Typhi, from
food and clinical specimens.

Summary and Explanation

Salmonellosis continues to be an important public health
problem worldwide, despite efforts to control the prevalence of
Salmonella in domesticated animals. Infection with nontyphi
Salmonella often causes mild, self-limiting illness.! Typhoid
fever, caused by S. Typhi, is characterized by fever, headache,
diarrhea and abdominal pain, and can produce fatal respira-
tory, hepatic, splenic and/or neurological damage. These

illnesses result from consumption of raw, undercooked or
improperly processed foods contaminated with Salmonella.
Many cases of Salmonella-related gastroenteritis are due to
improper handling of poultry products. United States federal
guidelines require various poultry products to be routinely
monitored before distribution for human consumption but
contaminated food samples often elude monitoring.

Bismuth Sulfite Agar is a modification of the Wilson and Blair**
formula. Wilson** and Wilson and Blair** clearly showed
the superiority of Bismuth Sulfite medium for isolation of
S. Typhi. Cope and Kasper’ increased their positive findings
of typhoid from 1.2 to 16.8% among food handlers and from
8.4 to 17.5% among contacts with Bismuth Sulfite Agar.
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Bismuth Sulfite Agar, cont.

Employing this medium in the routine laboratory examination
of fecal and urine specimens, these same authors® obtained
40% more positive isolations of S. Typhi than were obtained
on Endo medium. Gunther and Tuft,” employing various
media in a comparative way for the isolation of typhoid from
stool and urine specimens, found Bismuth Sulfite Agar most
productive. On Bismuth Sulfite Agar, they obtained 38.4%
more positives than on Endo Agar, 33% more positives than
on Eosin Methylene Blue Agar, and 80% more positives than
on the Desoxycholate media. These workers found Bismuth
Sulfite Agar to be superior to Wilson’s original medium.
Bismuth Sulfite Agar was stable, sensitive and easier to
prepare. Green and Beard,'* using Bismuth Sulfite Agar, claimed
that this medium successfully inhibited sewage organisms.
The value of Bismuth Sulfite Agar as a plating medium after
enrichment has been demonstrated by Hajna and Perry."

Since these earlier references to the use of Bismuth Sulfite
Agar, this medium has been generally accepted as routine for
the detection of most Salmonella. The value of the medium is
demonstrated by the many references to the use of Bismuth Sulfite
Agar in scientific publications, laboratory manuals and texts.

For food testing, the use of Bismuth Sulfite Agar is specified
for the isolation of pathogenic bacteria from raw and pasteur-
ized milk, cheese products, dry dairy products, cultured milks
and butter.">!* The use of Bismuth Sulfite Agar is also recom-
mended for use in testing clinical specimens.'!* In addition,

User Quality Control

Identity Specifications
Difco™ Bismuth Sulfite Agar

Dehydrated Appearance:  Light beige to light green, free-flowing, homo-
geneous.

Solution: 5.2% solution, soluble in purified water upon
boiling. Solution is light green, opaque with a
flocculent precipitate that can be dispersed by
swirling contents of flask.

Prepared Appearance: Light gray-green to medium green, opaque with

a flocculent precipitate.

Reaction of 5.2%
Solution at 25°C: pH7.7+0.2

Cultural Response

Difco™ Bismuth Sulfite Agar

Prepare the medium per label directions. Inoculate and incubate at
35 + 2°C for 40-48 hours.

Bismuth Sulfite Agar is valuable when investigating outbreaks of
Salmonella spp., especially S. Typhi.'”*

Bismuth Sulfite Agar is used for the isolation of S. Typhi and
other Salmonella from food, feces, urine, sewage and other
infectious materials. The typhoid organism grows luxuriantly
on the medium, forming characteristic black colonies, while
gram-positive bacteria and members of the coliform group
are inhibited. This inhibitory action of Bismuth Sulfite Agar
toward gram-positive and coliform organisms permits the use
of a much larger inoculum than possible with other media
employed for similar purposes in the past. The use of larger
inocula greatly increases the possibility of recovering the
pathogens, especially when they are present in relatively small
numbers. Small numbers of organisms may be encountered in
the early course of the disease or in the checking of carriers
and releases.

Principles of the Procedure

In Bismuth Sulfite Agar, beef extract and peptone provide
nitrogen, vitamins and minerals. Dextrose is an energy source.
Disodium phosphate is a buffering agent. Bismuth sulfite
indicator and brilliant green are complementary in inhibiting
gram-positive bacteria and members of the coliform group,
while allowing Salmonella to grow luxuriantly. Ferrous
sulfate is included for detection of H,S production. When
H,S is present, the iron in the formula is precipitated, giving

Salmonella Typhi
ATCC™ 19430

Uninoculated
Plate

Salmonella
Typhimurium
ATCC™ 14028

INOCULUM COLONY
ORGANISM ATCC" CFU RECOVERY COLOR
Enterococcus faecalis 29212 10° Marked to -

complete inhibition

Escherichia coli 25922 103 Partial inhibition Brown to green
Salmonella enterica
subsp. enterica
serotype Typhi 19430  10%-10° Good Black with sheen
Salmonella enterica Black or greenish-gray,
subsp. enterica may or may not
serotype Typhimurium 14028  10%-10° Good have sheen



positive cultures the characteristic brown to black color with
metallic sheen. Agar is the solidifying agent.

Formula
Difco™ Bismuth Sulfite Agar
Approximate Formula* Per Liter

Beef EXraCt. . ..oovviieic i 50 g
PEPIONE .o 10.0 g
DEXEIOSE ... 50 g
Disodium Phosphate ...........ccoocoiiiiiiiiii 40 g
Ferrous SUlfate ........c.oociiiiii 03 g
Bismuth Sulfite Indicator ... 80 g
AGAT 200 g
Brilliant Green ........cccoooiiiiiiiii 25.0 mg

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 52 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder. DO NOT AUTOCLAVE.

3. Evenly disperse the precipitate when dispensing. Use the
medium the same day it is prepared.

4. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

For isolation of Salmonella spp. from food, samples are
enriched and selectively enriched. Streak 10 pL of selective
enrichment broth onto Bismuth Sulfite Agar. Incubate plates
for 24-48 hours at 35°C. Examine plates for the presence
of Salmonella spp. Refer to appropriate references for the
complete procedure when testing food samples."»!>1*

For isolation of Salmonella spp. from clinical specimens,
inoculate fecal specimens and rectal swabs onto a small area
of one quadrant of the Bismuth Sulfite Agar plate and streak
for isolation. This will permit the development of discrete
colonies. Incubate plates at 35°C. Examine at 24 hours and again
at 48 hours for colonies resembling Salmonella spp.

For additional information about specimen preparation
and inoculation of clinical specimens, consult appropriate
references.'S"”

Expected Results

The typical discrete S. Typhi surface colony is black and
surrounded by a black or brownish-black zone which may be
several times the size of the colony. By reflected light, preferably
daylight, this zone exhibits a distinctly characteristic metallic
sheen. Plates heavily seeded with S. Typhi may not show this
reaction except near the margin of the mass inoculation. In
these heavy growth areas, this organism frequently appears as
small light green colonies. This fact emphasizes the importance
of inoculating plates so that some areas are sparsely populated
with discrete S. Typhi colonies. Other strains of Salmonella
produce black to green colonies with little or no darkening of
the surrounding medium.

Bismuth Sulfite Agar, cont.

Generally, Shigella spp. other than S. flexneri and S. sonnei are
inhibited. S. flexneri and S. sonnei strains that do grow on this
medium produce brown to green, raised colonies with depressed
centers and exhibit a crater-like appearance.

Escherichia coli is partially inhibited. Occasionally a strain
will be encountered that will grow as small brown or greenish
glistening colonies. This color is confined entirely to the colony
itself and shows no metallic sheen. A few strains of Enterobacter
aerogenes may develop on this medium, forming raised,
mucoid colonies. Enterobacter colonies may exhibit a silvery
sheen, appreciably lighter in color than that produced by
S. Typhi. Some members of the coliform group that produce
hydrogen sulfide may grow on the medium, giving colonies
similar in appearance to S. Typhi. These coliforms may be readily
differentiated because they produce gas from lactose in dif-
ferential media, for example, Kligler Iron Agar or Triple Sugar
Tron Agar. The hydrolysis of urea, demonstrated in Urea Broth
or on Urea Agar Base, may be used to identify Proteus sp.

To isolate S. Typhi for agglutination or fermentation studies,
pick characteristic black colonies from Bismuth Sulfite Agar and
subculture them on MacConkey Agar. The purified colonies
from MacConkey Agar may then be picked to differential tube
media such as Kligler Tron Agar, Triple Sugar Iron Agar or
other satisfactory differential media for partial identification. All
cultures that give reactions consistent with Salmonella spp. on
these media should be confirmed biochemically as Salmonella
spp. before any serological testing is performed. Agglutination
tests may be performed from the fresh growth on the differential
tube media or from the growth on nutrient agar slants inoculated
from the differential media. The growth on the differential tube
media may also be used for inoculating carbohydrate media for
fermentation studies.

Limitations of the Procedure

1. Tt is important to streak for well-isolated colonies. In heavy
growth areas, S. Typhi appears light green and may be
misinterpreted as negative growth for S. Typhi.?

2. 8. Typhi and S. arizonae are the only enteric organisms to
exhibit typical brown zones on the medium. Brown zones are
not produced by other members of the Enterobacteriaceae.
However, S. arizonae is usually inhibited.?

3. Colonies on Bismuth Sulfite Agar may be contaminated with
other viable organisms; therefore, isolated colonies should
be subcultured to a less selective medium (e.g., MacConkey
Agar).?

4. Typical S. Typhi colonies usually develop within 24 hours;
however, all plates should be incubated for a total of
48 hours to allow growth of all typhoid strains.?

5. DONOT AUTOCLAVE. Heating this medium for a period
longer than necessary to just dissolve the ingredients destroys
its selectivity.
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Availability
Difco™ Bismuth Sulfite Agar
| BAM | [SMD § SMWW |

Cat. No. 273300 Dehydrated — 500 g
Mexico
Cat. No. 252612 Prepared Plates — Pkg. of 10*

*Store at 2-8°C.

Blood Agar Base (Infusion

Intended Use

Blood Agar Base (Infusion Agar), with the addition of sterile
blood, is used for the isolation, cultivation and detection of
hemolytic activity of streptococci and other fastidious micro-
organisms.

User Quality Control

Identity Specifications
BBL™ Blood Agar Base (Infusion Agar)
Dehydrated Appearance:  Fine, homogeneous, free of extraneous material.

Solution: 4.0% solution, soluble in purified water upon
boiling. Solution is medium, yellow to tan, clear
to slightly hazy.

Prepared Appearance: Plain — Medium, yellow to tan, clear to slightly

hazy.
With 5% sheep blood — Cherry red, opaque.

Reaction of 4.0%
Solution at 25°C:

pH7.3+0.2
Cultural Response
BBL™ Blood Agar Base (Infusion Agar)

Prepare the medium per label directions without (plain) and with 5%
defibrinated sheep blood (SB). Inoculate and incubate at 35 + 2°C for
18-24 hours (incubate streptococci with 3-5% CO,).

INOCULUM ~ RECOVERY  RECOVERY
ORGANISM ATCC” CFU PLAIN WITH SB
Candida albicans 10231 30-300 N/A Good,

no hemolysis

Listeria Good, beta
monocytogenes 19115 30-300 N/A hemolysis
Pseudomonas
aeruginosa 10145 30-300 Good N/A
Shigella flexneri 12022 30-300 Good N/A
Staphylococcus Good, beta
aureus 25923 30-300 Good hemolysis
Streptococcus Good, alpha
pneumoniae 6305 30-300 Good hemolysis
Streptococcus Good, beta
pyogenes 19615 30-300 Good hemolysis

Agar)

Summary and Explanation

Infusion Agar is an all-purpose medium which has been used
for many years as a base for the preparation of blood agars.
In a study of viability of streptococci, Snavely and Brahier
performed comparative studies of horse, rabbit and sheep blood

Streptococcus pyogenes

Staphylococcus aureus
ATCC™ 19615

ATCC™ 25923

Streptococcus
pneumoniae
ATCC™ 6305



with Blood Agar Base, and found that sheep blood gave the
clearest and most reliable colony and hemolysis characteristics
at both 24 and 48 hours.! In the course of the investigation,
about 1,300 isolations of streptococci were made with Blood
Agar Base containing 5% sheep blood.

Blood Agar Base media are specified in standard methods for
food testing.”* Infusion Agar has been largely replaced as a blood
agar base by the Tryptic/Trypticase™ Soy Agar formulations,
which contain milk and plant peptones in place of the variable
infusion component.

Principles of the Procedure

Infusion from heart muscle, casein peptone and yeast extract pro-
vide nitrogen, carbon, amino acids and vitamins in Blood Agar
Base. Medium contains sodium chloride to maintain osmotic
equilibrium and agar is the solidifying agent.

Supplementation with blood (5-10%) provides additional
growth factors for fastidious microorganisms, and is the basis
for determining hemolytic reactions. Hemolytic patterns may
vary with the source of animal blood or type of base medium
used.’

Formula
BBL™ Blood Agar Base (Infusion Agar)

Approximate Formula* Per Liter

Heart Muscle, Infusion from (solids)............ccccccoeiein. 2.0
Pancreatic Digest of Casein
Yeast Extract ..o,
Sodium Chloride
AGAT

*Adjusted and/or supplemented as required to meet performance criteria.

QuuuuuaQ

Directions for Preparation from

Dehydrated Product

1. Suspend 40 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Autoclave at 121°C for 15 minutes.

4. For preparation of blood agar, cool the base to 45-50°C and
aseptically add 5% sterile, defibrinated blood. Mix well.

5. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

Use standard procedures to obtain isolated colonies from
specimens. After streaking, stab the agar several times to
deposit beta-hemolytic streptococci beneath the agar surface.
Subsurface growth will display the most reliable hemolytic
reactions owing to the activity of both oxygen-stable and
oxygen-labile streptolysins.®

Since many pathogens require carbon dioxide on primary
isolation, plates may be incubated in an atmosphere containing
approximately 3-10% CO,. Incubate plates at 35 = 2°C for
18-24 hours.

Blood Agar Base, cont.

Expected Results
Colonial morphology on blood agar containing 5% sheep blood
is as follows:

1. Hemolytic streptococci may appear as translucent or
opaque, grayish, small (1 mm), or large matte or mucoid
(2-4 mm) colonies, encircled by a zone of hemolysis. Gram
stains should be made and examined to check the macro-
scopic findings. (Other organisms which may cause hemolysis
include Listeria, various corynebacteria, hemolytic staphy-
lococci, Escherichia coli and Pseudomonas.) Approximate
quantitation of the number of colonies of hemolytic
streptococci may be helpful to the clinician.

2. Pneumococci usually appear as very flat, smooth, translucent,
grayish and sometimes mucoid colonies surrounded by a
narrow zone of “green” (alpha) hemolysis.

3. Staphylococci appear as opaque, white to gold-yellow
colonies with or without zones of beta hemolysis.

4. Listeria may be distinguished by their rod shape in stains,
and by motility at room temperature. Small zones of beta
hemolysis are produced.

5. Other organisms representing minimal flora and clinically
significant isolates can also be expected to grow on this
nonselective formulation.

Limitation of the Procedure

Colonies of Haemophilus haemolyticus are beta-hemolytic on
horse and rabbit blood agar and must be distinguished from
colonies of beta-hemolytic streptococci using other criteria.®
The use of sheep blood has been suggested to obviate this
problem since sheep blood is deficient in pyridine nucleotides
and does not support growth of H. haemolyticus.’

References

1. Snavely and Brahier. 1960. Am. J. Clin. Pathol. 33:511.

2. U.S. Food and Drug Administration. 2001. Bacteriological analytical manual, online. AOAC Interna-
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Availability

BBL™ Blood Agar Base (Infusion Agar)
[ BAM |

Cat. No. 211037 Dehydrated — 500 g

211038 Dehydrated — 5 Ib (2.3 kg)
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Bordet Gengou Agar

Bordet Gengou Agar Base ¢ Bordet Gengou Blood Agar

Intended Use

Bordet Gengou Agar Base, with the addition of glycerol and
sterile blood, is used in qualitative procedures for the detection
and isolation of Bordetella pertussis from clinical specimens.

Summary and Explanation

Bordet Gengou Blood Agar is used in clinical laboratories as a
method of diagnosing whooping cough. Bordetella pertussis,
the etiologic agent of this disease, may be isolated from
aspirated bronchial or nasopharyngeal secretions, perinasal
swabs or, perhaps with greater difficulty due to the diversity
of flora, from throat swabs.!

Bordet and Gengou introduced the medium in 1906 as a
method of maintaining stock cultures.? In 1934, Kendrick and
Eldering replaced the 50% human or rabbit blood recommended
in the original formulation with 15% sheep blood to make
the medium more practical for laboratories to produce for
routine clinical procedures.’®

Principles of the Procedure
Bordet Gengou Blood Agar contains potato infusion and
glycerol to supply the nutrients necessary to support the growth
of B. pertussis. Defibrinated animal blood supplies additional
nutrients and enables the detection of hemolytic reactions, which
aid in the identification of B. pertussis.

User Quality Control

Identity Specifications
Difco™ Bordet Gengou Agar Base
Dehydrated Appearance:  Beige, free-flowing, homogeneous.

Solution: 3.0% solution, soluble upon boiling in purified

water containing 1% glycerol. Solution is light
to medium amber, opalescent, may have a slight
precipitate.

Plain - Light to medium amber, opalescent, may
have a precipitate.

With 15% blood — Cherry red, opaque.

Prepared Appearance:

Reaction of 3.0%
Solution at 25°C: pH6.7+0.2
Cultural Response

Difco™ Bordet Gengou Agar Base

Prepare the medium per label directions. Inoculate and incubate at
35 + 2°C for 48-72 hours.

INOCULUM RECOVERY WITH
ORGANISM ATCC™ CFU 15% RABBIT BLOOD
Bordetella bronchiseptica 4617 30-300 Good
Bordetella parapertussis 15311 30-300 Good
Bordetella pertussis 8467 30-300 Good

Formula

Difco™ Bordet Gengou Agar Base
Approximate Formula* Per Liter
Potato, Infusion from 125 g ...c.coooiviiiiiiiiiiiiie 4.5
Sodium Chloride
AGAE e

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 30 g of the powder in 1 L of purified water
containing 10 g of glycerol. Mix thoroughly.

2. Heat with frequent agitation and boil for 1 minute to

completely dissolve the powder.

Autoclave at 121°C for 15 minutes.

4. Aseptically add 15% sterile, defibrinated blood to the
medium at 45-50°C. Mix well.

5. Test samples of the finished product for performance using
stable, typical control cultures.

[O¥)

Procedure

Use standard procedures to obtain isolated colonies from
specimens. Incubate plates in an inverted position (agar side
up) in a moist chamber at 35 = 2°C for 7 days. Examine the
plates daily with and without a dissecting microscope (oblique
illumination) to detect the presence of Bordetella pertussis and
spreading colonies or molds that could mask the presence of this

Uninoculated Bordetella pertussis
Plate ATCC™ 8467

Bordetella
parapertussis
ATCC™ 15311




species. Use a sterile scalpel or needle to remove the portions
of the agar that contain spreading colonies or molds.
Colonies of B. pertussis may not be visible without the aid of
a microscope for 2-4 days. Plates may be discarded as negative
after incubation for 7 days.

Expected Results

Bordetella pertussis produces small, domed, glistening
colonies that resemble bisected pearls. The colonies are
usually surrounded by a zone of hemolysis; however, some
strains of B. pertussis are not hemolytic. Gram stains, bio-
chemical tests and serological procedures should be performed
to confirm findings.

Limitation of the Procedure

Some Haemophilus spp. will grow on Bordetella isolation media
and cross-react with B. pertussis antisera. It may be prudent to
rule out X and V factor dependence.

Bovine Albumin

References

1. Loeffelholz and Sanden. 2007. In Murray, Baron, Jorgensen, Landry and Pfaller (ed.), Manual of
clinical microbiology 9th ed. American Society for Microbiology, Washington, D.C.

2. Bordet and Gengou. 1906. Ann. Inst. Pasteur 20:731.

3. Kendrick and Eldering. 1934. Am. J. Public Health 24:309

Availability
Difco™ Bordet Gengou Agar Base
Cat. No. 248200 Dehydrated —500 g

Difco™ Glycerol

Cat. No. 228210 Bottle—100g
228220 Bottle-500g

BBL™ Bordet Gengou Blood Agar

Cat. No. 297876 Prepared Plates with Glycerol

and 15% Sheep Blood - Pkg. of 10*
*Store at 2-8°C.

Bovine Albumin 5%

Intended Use

Bovine Albumin 5% is used to enrich media for cultivating
a large variety of microorganisms and tissue cells. Bovine
albumin is also known as bovine serum albumin or BSA.!

Summary and Explanation

Davis and Dubos? recommended the use of bovine albumin
at a final concentration of 0.5% in liquid media for culturing
Mycobacterium tuberculosis. In this study, bovine albumin
neutralized the toxicity of fatty acids and permitted more
luxuriant growth of M. tuberculosis.

Ellinghausen and McCullough® used bovine albumin fraction
V at a final concentration of 1% in liquid, semisolid and solid
media for culturing leptospires. Morton et al.* demonstrated
that 1% bovine albumin stimulated growth of Mycoplasma
(PPLO).

User Quality Control

Identity Specifications
Difco™ Bovine Albumin 5%
Appearance: Light amber, clear to very slightly opalescent.

Reaction of
Solution at 25°C:

pH7.0+£0.2

Cultural Response

Difco™ Bovine Albumin 5%

Prepare Dubos Broth Base per label directions, substituting Bovine
Albumin 5% for Dubos Medium Albumin. Inoculate and incubate at
35  2°C under CO, for up to 3 weeks.

ORGANISM ATCC*  INOCULUM CFU RECOVERY
Mycobacterium

intracellulare 13950 10%-10° Good
Mycobacterium

tuberculosis H37Ra 25177 10%-10° Good

Bovine Albumin can be added to normally sterile specimens,
tissues and body fluids for direct inoculation onto culture
media used for isolating mycobacteria. BSA is also used as an
enrichment when contaminated specimens are digested.

Bovine Albumin 5%, modified with added sodium chloride and
dextrose, is available as Dubos Medium Albumin.

Principles of the Procedure

Bovine Albumin 5% is a filter sterilized solution of bovine
albumin fraction V. BSA is suggested as a culture media
enrichment because its buffering capacity and detoxifying
effect on specimen sediment.! Bovine Albumin 5% also
increases adhesion of the specimen to solid media.!

Precautions®

1. Biosafety Level 2 practices and procedures, containment
equipment and facilities are required for non-aerosol-
producing manipulations of clinical specimens such as
preparation of acid-fast smears. All aerosol-generating
activities must be conducted in a Class I or II biological
safety cabinet.

2. Biosafety Level 3 practices, containment equipment and
facilities are required for laboratory activities in the propa-
gation and manipulation of cultures of M. tuberculosis and
M. bovis. Animal studies also require special procedures.

Procedure
Sterile Specimens for the Isolation of Mycobacteria’

Normally sterile tissues may be ground in 0.2% BSA and
inoculated directly in culture media. Concentrate body fluids
before inoculation because they normally contain only a small
number of mycobacteria. Centrifuge fluids at > 3,000 X g and
inoculate the sediment onto liquid or solid media. For a complete
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Bovine Albumin, cont.

discussion of the inoculation of sterile specimens, refer to
appropriate references.

Contaminated Specimens for the Isolation of Mycobacteria’

A concentration of 0.2% BSA can be added to specimen
sediment that has been digested and centrifuged by the
N-Acetyl-L-cysteine-sodium hydroxide (NALC-NaOH) diges-
tion method or by using the BBL™ MycoPrep™ Mycobacterial
Specimen Digestion/Decontamination Kit. Using a separate
sterile pipette for each tube, add 1-2 mL of 0.2% BSA, then
resuspend the sediment with the pipette or by shaking the tube
gently by hand.

™

Several digestion procedures exist. Consult appropriate
references for a complete discussion on all digestion and
decontamination methods and other testing procedures.

Expected Results

All media should be examined closely for evidence of growth.
Refer to the procedure established by laboratory policy or
to appropriate references on typical growth patterns and
confirmation tests.

Limitation of the Procedure

Bovine Albumin 5% is not recommended for use with the
BACTEC™ Blood Culture System because BSA may delay
detection times.'

References

1. Metchock, Nolte and Wallace. 1999. In Murray, Baron, Pfaller, Tenover and Yolken (ed.). Manual
of clinical microbiology, 7th ed. American Society for Microbiology, Washington, D.C.

. Davis and Dubos. 1945. J. Bacteriol. 55:11.

. Ellinghausen and McCullough. 1962. Bacteriol. Proc. 62:54.

. Morton, Smith, Williams and Eickenberg. 1951. J. Dent. Res. 30:415.

. U.S. Public Health Service, Centers for Disease Control and Prevention, and National Institutes of
Health. 2007. Biosafety in microbiological and biomedical laboratories, Sth ed. HHS Publication No.
(CDC) 93-8395. U.S. Government Printing Office, Washington, D.C.

[ NI NY

Availability
Difco™ Bovine Albumin 5%
Cat.No. 266810 Prepared Tubes, 20 mL — Pkg. of 12

Brain Heart CC Agar

Selective Brain Heart Infusion Agars

Intended Use

Brain Heart CC Agar is a selective medium used for the isola-
tion of pathogenic fungi from specimens heavily contaminated
with bacteria and saprophytic fungi.! It also serves as the base
for enriched and more selective media supplemented with sheep
blood and antibiotics.

Summary and Explanation

Brain Heart Infusion (BHI) Agar is recommended as a
general-purpose medium for aerobic bacteriology and for the
primary recovery of fungi from clinical specimens.>® With
10% sheep blood, it is used to isolate systemic fungi that may
grow poorly on the nonenriched medium. The presence of the
antimicrobial agents, cycloheximide and/or chloramphenicol
and, in modified formulations, gentamicin, penicillin and strep-
tomycin, inhibits the growth of a wide variety of bacteria and
fungi and enhances the isolation of pathogenic fungal species.

Principles of the Procedure

BHI Agar derives its nutrients from the brain heart infusion,
peptone and dextrose components. The peptones and infusion
are sources of organic nitrogen, carbon, sulfur, vitamins and
trace substances. Dextrose is the carbohydrate source that
microorganisms utilize by fermentative action. The medium is
buffered through the use of disodium phosphate. The addition
of defibrinated sheep blood provides essential growth factors
for the more fastidious fungal organisms. Chloramphenicol
is a broad-spectrum antibiotic which inhibits a wide range
of gram-positive and gram-negative bacteria. Cycloheximide

inhibits most saprophytic molds. Gentamicin is an aminogly-
coside antibiotic that inhibits the growth of gram-negative
and some gram-positive bacteria. Penicillin primarily inhibits
gram-positive bacteria. Streptomycin inhibits gram-negative
organisms.

Formula

BBL™ Brain Heart CC Agar
Approximate Formula* Per Liter
Pancreatic Digest of Casein .........cc.occooeiiiiiiiiii,
Brain Heart, Infusion from (solids)
Peptic Digest of Animal Tissue
Sodium Chloride ..........c..ccccoe..
DEXIIOSE ..o 2.
Disodium Phosphate .........cc.coooviiiiiiiiiiceceee 2.5
Cycloheximide..............
Chloramphenicol
AGAE

*Adjusted and/or supplemented as required to meet performance criteria.
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Directions for Preparation from

Dehydrated Product

1. Suspend 52 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Autoclave at 118°C for 15 minutes.

4. Test samples of the finished product for performance using
stable, typical control cultures.



User Quality Control

Identity Specifications
BBL™ Brain Heart CC Agar
Dehydrated Appearance:  Fine, homogeneous, free of extraneous material.

Solution: 5.2% solution, soluble in purified water upon
boiling. Solution is light to medium, yellow to tan,
clear to moderately hazy.

Prepared Appearance: Light to medium, yellow to tan, clear to moderately
hazy.

Reaction of 5.2%

Solution at 25°C: pH7.4+0.2

Cultural Response

BBL™ Brain Heart CC Agar

Prepare the medium per label directions. Inoculate with fresh cultures
and incubate at 25 + 2°C under appropriate atmospheric conditions for
7 days.

ORGANISM ATCC™ RECOVERY

Aspergillus brasiliensis

(niger) 16404 Partial to complete inhibition

Candida albicans 10231 Good

Escherichia coli 25922 Partial to complete inhibition

Trichophyton

mentagrophytes 9533 Good
Procedure

Consult appropriate references for information about the
processing and inoculation of specimens.*

For isolation of fungi from potentially contaminated specimens,
a nonselective medium should be inoculated along with the
selective medium. Incubate at 25-30°C (plates in an inverted
position, agar side up, with increased humidity). For isola-
tion of fungi causing systemic mycoses, two sets of media
should be inoculated, with one set incubated at 25-30°C and a
duplicate set at 35 = 2°C.

All cultures should be examined at least weekly for fungal
growth and should be held for 4-6 weeks before being reported
as negative.

Expected Results

After sufficient incubation, examine cultures for fungal colonies
exhibiting typical color and morphology. Biochemical tests
and serological procedures should be performed to confirm
findings.

Limitation of the Procedure
Some fungi may be inhibited by antibiotics in this medium.’
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1. Reisner, Woods, Thomson, Larone, Garcia and Shimizu. 1999. I Murray, Baron, Pfaller, Tenover and
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3. Murray, Baron, Jorgensen, Landry and Pfaller (ed.). 2007. Manual of clinical microbiology, 9th ed.
American Society for Microbiology, Washington, D.C.
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Brain Heart CC Agar, cont.

Candida albicans
ATCC™ 10231

Availability
BBL™ Brain Heart (Infusion) CC Agar

CatNo. 211057 Dehydrated — 500 g
296261  Prepared Plates (Deep Fill) - Pkg. of 20*
297650  Prepared Slants (A Tubes) — Pkg. of 10*
296106  Prepared Slants (C Tubes) — Ctn. of 100*
221834  Mycoflask™ Bottles — Pkg. of 10*

BBL™ Brain Heart Infusion CC Agar with Sheep Blood
Cat. No. 296178 Prepared Plates (Deep Fill) - Pkg. of 20*

BBL™ Brain Heart CC Agar with 10% Sheep Blood

and Gentamicin

Cat. No. 221842 Prepared Plates (Deep Fill) - Pkg. of 10*
296358  Prepared Slants (C Tubes) — Pkg. of 10*
295757  Prepared Slants (C Tubes) — Ctn. of 100*

BBL™ Brain Heart Infusion Agar with 10% Sheep Blood,
Gentamicin and Chloramphenicol
[ BS12|
Cat. No. 221841 Prepared Plates (Deep Fill) - Pkg. of 20*
296343  Prepared Slants (C Tubes) — Pkg. of 10*
295756  Prepared Slants (C Tubes) — Ctn. of 100*

BBL™ Brain Heart Infusion (Sheep) Blood Agar with
Penicillin and Streptomycin

Cat. No. 296097 Prepared Plates (Deep Fill) - Pkg. of 20*
297335  Prepared Slants (A Tubes) — Pkg. of 10*

*Store at 2-8°C.
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Brain Heart Infusion Broths

Brain Heart Infusion (Broth Media)

Brain Heart Infusion ¢ Brain Heart Infusion

with Supplements ¢ Brain Heart Infusion without
Dextrose ¢ Brain Heart Infusion Broth, Modified

Intended Use

Brain Heart Infusion (BHI) is a general-purpose liquid
medium used in the cultivation of fastidious and nonfastidious
microorganisms, including aerobic and anaerobic bacteria,
from a variety of clinical and nonclinical materials. It serves
as a base for supplemented media containing 0.1% agar,
Fildes enrichment or 6.5% sodium chloride. A supplemented
pre-reduced formulation in tubes is especially recommended
for the cultivation of anaerobes.

Summary and Explanation

Rosenow described brain-heart infusion broth prepared by
adding pieces of brain tissue to meat infusion or beef extract-
dextrose broth.! A variation of this medium appeared for many
years in the National Formulary.? The current formulation is
similar to the NF Brain Heart Infusion Broth, but the brain
infusion component is composed of solids resulting from
the drying of the liquid material and the heart infusion com-
ponent has been replaced with a peptone of partially digested
animal tissue.

BHI broth is used for the cultivation of a wide variety of
microorganisms, including bacteria, yeasts and molds.

BHI broth, 0.5 mL per tube, is used for the cultivation
of bacteria employed in the preparation of inocula for
microdilution minimal inhibitory concentration (MIC) and
identification (ID) test panels. When a large number of cells
are inoculated into the small volume of broth, a bacterial
culture rapidly reaches its stationary phase of growth.?
The medium is also used in 5-mL amounts per tube for the
preparation of inocula in antimicrobial susceptibility test
procedures. This volume and the 8-mL tubes also can be used
for general purposes.

Fildes enrichment may be incorporated for the growth of
fastidious organisms. With the addition of 0.1% agar, the
medium is used for the cultivation of anaerobes. The medium
pre-reduced in Hungate tubes is recommended for the cultivation
of anaerobic microorganisms, particularly obligate anaerobes.

The broth medium that contains 6.5% sodium chloride is used
to differentiate the enterococci from nonenterococcal group D
streptococci by the 6.5% salt tolerance test.*

Brain Heart Infusion without Dextrose is a basal medium used
with carbohydrates for fermentation studies.

Brain Heart Infusion, Modified differs from other formulations
by the quantities of the ingredients and the substitution of
pancreatic digest of casein for pancreatic digest of gelatin.

Principles of the Procedure

BHI Broth is a nutritious, buffered culture medium that
contains infusions of brain and heart tissue and peptones to
supply protein and other nutrients necessary to support the
growth of fastidious and nonfastidious microorganisms. In the
formulation containing 6.5% sodium chloride, the salt acts
as a differential and/or selective agent by interfering with
membrane permeability and osmotic and electrokinetic
equilibria in salt-intolerant organisms. Fildes enrichment
(peptic digest of sheep blood) is incorporated into one tubed
formulation for the cultivation of fastidious microorganisms,
such as Haemophilus influenzae.>® The addition of 0.1% agar
aids in the cultivation of anaerobic microorganisms because its
consistency yields conditions of reduced oxygen tension. The
pre-reduced medium in Hungate tubes is based on Hungate
methods of culturing anaerobic microorganisms outside of
an anaerobic chamber.” The tubes provide a reduced medium
in a self-contained, anaerobic tube sealed using a Hungate
screw cap. The cap contains a butyl rubber septum stopper
that permits inoculation and incubation without exposing the
medium to air.

Formulae
Bacto™ Brain Heart Infusion
Approximate Formula* Per Liter

Calf Brains, Infusion from 200 g.........cccooviivieiiiiiin, 77 g
Beef Heart, Infusion from 250 g....c.cocoovvviiiiiciiie 98 g
Proteose Peptone g
Dextrose .................. g
Sodium Chloride......... g
Disodium Phosphate .........cccccooveiviiiiiiiccec 2. g
BBL™ Brain Heart Infusion

Approximate Formula* Per Liter

Brain Heart, Infusion from (solids)..............ccccccoieenn. 6.0 g
Peptic Digest of Animal TisSU€..........ccooirriiiiriiiiene 6.0 g
Pancreatic Digest of Gelatin ............cccccooiiiiiiiiiis 145 g
DEXErOSE ...t 30 g
Sodium Chloride ..o 50 g
Disodium Phosphate ..........cccooiiiiiiiiiicic 2. g

Difco™ Brain Heart Infusion without Dextrose

Approximate Formula* Per Liter

Calf Brains, Infusion from 200 g........cccooviiriieiinn. 77 g
Beef Heart, Infusion from 250 g.......ccooovvviiviiiiiin 98 g
Proteose Peptone . g
Sodium Chloride .........ccooiiiiii 50 g
Disodium Phosphate ........cccccooiiiiiiiiiiie 2. g



User Quality Control

Brain Heart Infusion Broths, cont.

NOTE: Differences in the Identity Specifications and Cultural Response testing for media offered as both Difco™ and BBL™ brands may reflect differences in the
development and testing of media for industrial and clinical applications, per the referenced publications.

Identity Specifications

Bacto™ Brain Heart Infusion

Dehydrated Appearance:  Light tan, free-flowing, homogeneous.

Solution: 3.7% solution, soluble in purified water upon
boiling. Solution is light to medium amber,
clear.

Prepared Appearance: Light to medium amber, clear.

Reaction of 3.7%
Solution at 25°C: pH7.4+0.2

Difco™ Brain Heart Infusion without Dextrose

Dehydrated Appearance:  Light tan, free-flowing, homogeneous.

Solution: 3.5% solution, soluble in purified water upon
boiling. Solution is light to medium amber,
clear.

Prepared Appearance: Light to medium amber, clear.

Reaction of 3.5%
Solution at 25°C: pH7.4+0.2

Cultural Response

Bacto™ Brain Heart Infusion or Difco™ Brain Heart
Infusion without Dextrose

Prepare the medium per label directions. Inoculate and incubate at
35 £ 2°C for 18-48 hours.

ORGANISM ATCC™  INOCULUM CFU  RECOVERY
Neisseria meningitidis 13090 10%-10° Good
Streptococcus pneumoniae 6305 10%-10° Good
Streptococcus pyogenes 19615 10%-10° Good

BBL™ Brain Heart Infusion Broth, Modified

Approximate Formula* Per Liter

Brain Heart, Infusion from (solids)..........ccccoovvveeeieee.. 35 g
Peptic Digest of Animal Tissue...........cccovvveiiiiieennn. 150 g
Pancreatic Digest of Casein .........ccoocvviiiiriiiienn. 100 g
DEXIIOSE i 20 g
Sodium ChIoride ......ooviiiiiiie e 50 ¢
Disodium Phosphate ...........ccocoiiiiiiiiiicce 25 g

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from
Dehydrated Product

1.

Suspend the powder in 1 L of purified water:

Bacto™ Brain Heart Infusion - 37 g;

BBL™ Brain Heart Infusion - 37 g;

Difco™ Brain Heart Infusion without Dextrose - 35 g;
BBL™ Brain Heart Infusion Broth, Modified - 38 g.
Mix thoroughly.

Heat with frequent agitation and boil for 1 minute to

completely dissolve the powder.
Autoclave at 121°C for 15 minutes.

Test samples of the finished product for performance using

stable, typical control cultures.

Procedure

With liquid specimens, tubed media should be inoculated with
1-2 drops of the specimen using a sterile pipette. Swab specimens

may be inserted into broth after inoculation of plated media.

Identity Specifications
BBL™ Brain Heart Infusion

Dehydrated Appearance:  Fine, homogeneous, free of extraneous
material.
Solution: 3.7% solution, soluble in purified water upon

boiling. Solution is light to medium, yellow
to tan, clear to slightly hazy.

Light to medium, yellow to tan, clear to
slightly hazy.

Prepared Appearance:

Reaction of 3.7%
Solution at 25°C: pH7.4+£02

BBL™ Brain Heart Infusion Broth, Modified

Dehydrated Appearance:  Fine, homogeneous, free of extraneous
material.
Solution: 3.8% solution, soluble in purified water

upon boiling. Solution is light to medium,
yellow to tan, clear to slightly hazy.

Light to medium, yellow to tan, clear to
slightly hazy.

Prepared Appearance:

Reaction of 3.7%
Solution at 25°C: pH7.4+0.2

Cultural Response

BBL™ Brain Heart Infusion or BBL™ Brain Heart
Infusion Broth, Modified

Prepare the medium per label directions. Inoculate and incubate at
35 + 2°C under appropriate atmospheric conditions for 7 days
(incubate C. albicans at 20-27°C).

INOCULUM RECOVERY  RECOVERY

ORGANISM ATCC*  CFU BHI  BHI, MODIFIED
Bacteroides fragilis 25285  <10* Good Good
Candida albicans 10231 <10° Good Good
Enterococcus faecalis 29212 <10° Good N/A
Neisseria meningitidis 13090 <10° Good Good
Streptococcus pneumoniae 6305 <10° Good Good

Streptococcus pyogenes 19615 <10° Good Good

=

Uninoculated Neisseria Streptococcus
Tube meningitidis pyogenes
ATCC™ 13090 ATCC™ 19615

Brain Heart Infusion
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Brain Heart Infusion Broths, cont.

Liquid media for anaerobic incubation should be reduced prior
to inoculation by placing the tubes, with caps loosened, under
anaerobic conditions for 18-24 hours prior to use. An efficient
and easy way to obtain suitable anaerobic conditions is through
the use of BD GasPak™ EZ anaerobic systems or an alternative
anaerobic system. Alternatively, liquid media may be reduced
immediately prior to use by boiling with caps loosened and cooling
with tightened caps to room temperature before inoculation.

Before inoculating Hungate tubes, disinfect the septum of the cap.
To inoculate, insert needle of syringe containing specimen through
the septum and inject the specimen into the medium. Withdraw
the needle slowly to avoid introducing air into the tube.

For use in antimicrobial susceptibility testing, refer to appropri-
ate references.*1

Expected Results

Growth in the tubes is indicated by the presence of turbid-
ity compared to an uninoculated control. If growth appears,
cultures should be examined by Gram stain and subcultured
onto appropriate media; e.g., a Trypticase™ Soy Agar with
5% Sheep Blood and/or Chocolate IT Agar plate, EMB Agar
or MacConkey II Agar plate. If anaerobes are suspected,
subcultures should be incubated anaerobically, as in a GasPak
EZ anaerobic system.

Enterococci will grow in the 6.5% NaCl broth within 24-48
hours. Nonenterococcal group D streptococci fail to grow in
the medium after 48 hours of incubation.?
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Availability
Bacto™ Brain Heart Infusion

AOAC I BAM J ccAm | cLsI | cmPH2 | comPF § EPA § 1SO | MCMI9

[ SMD J} SMWW J USDA |

Cat. No. 237400 Dehydrated —100g
237500 Dehydrated - 500 g
237200 Dehydrated — 2 kg
237300 Dehydrated — 1 kg

BBL™ Brain Heart Infusion

AOAC I BAM J ccAm | cLsI | cmPH2 | cOmPF § EPA § 1SO | MCMI9

HE B EYN

Cat. No. 211059 Dehydrated — 500 g
211060 Dehydrated -5 Ib (2.3 kg)
211061 Dehydrated — 25 Ib (11.3 kg)
221778  Prepared Tubes, 0.5 mL (K Tubes) — Ctn. of 100
297769  Prepared Tubes, 2 mL (K Tubes) — Ctn. of 100
221812  Prepared Tubes, 5 mL (K Tubes) — Pkg. of 10
221813  Prepared Tubes, 5 mL (K Tubes) — Ctn. of 100
220837  Prepared Tubes, 8 mL (K Tubes) — Ctn. of 100
296299  Prepared Bottles, 400 mL - 1 bottle
297304  Prepared Tubes, Pre-reduced

(with Hungate Cap) — Pkg. of 10

BBL™ Brain Heart Infusion with 6.5% Sodium Chloride
Cat. No. 221785 Prepared Tubes — Pkg. of 10

BBL™ Brain Heart Infusion with 0.1% Agar
Cat. No. 297640 Prepared Tubes, 10 mL (D Tubes) — Ctn. of 100

BBL™ Brain Heart Infusion with Fildes Enrichment

Cat. No. 297782 Prepared Tubes, 5 mL (K Tubes) — Ctn. of 100*
297200 Prepared Tubes, 9 mL (K Tubes) — Pkg. of 10*

Difco™ Brain Heart Infusion without Dextrose

Cat. No. 250220 Dehydrated - 10 kg

BBL™ Brain Heart Infusion Broth, Modified
Cat. No. 299070 Dehydrated - 500 g

BBL™ Fildes Enrichment
Cat. No. 211866 Prepared Tubes, 5 mL (K Tubes) — Pkg. of 10*
*Store at 2-8°C.

Brain Heart Infusion Agars

Brain Heart Infusion Agar ¢ Brain Heart Infusion Sheep
Blood Agar ¢ Brain Heart Infusion Agar, Modified

Intended Use

Brain Heart Infusion (BHI) Agar is a general-purpose medium
suitable for the cultivation of a wide variety of organism types,
including bacteria, yeasts and molds. With the addition of 5%
or 10% sheep blood, it is used for the isolation and cultivation
of a wide variety of fungal species, including systemic fungi,’
from clinical and nonclinical sources.

Summary and Explanation
In the early years of bacteriology, meat infusions were utilized
as the growth-supporting components in a large number of

culture media. Although they were cumbersome to prepare,
lacked consistency from batch to batch and were undefined
as to their nutritive content, they enabled the cultivation of
microorganisms in both solid and liquid media. As the state of
the art in enzymology and chemistry advanced, methods were
developed for the preparation of peptones that were the result
of enzymatic or acid hydrolysis of animal tissues or products
and vegetable substances. These peptones currently are the
major nutritional additives to culture media formulations, but
infusions are still utilized in specific media.



User Quality Control

Brain Heart Infusion Agars, cont.

NOTE: Differences in the Identity Specifications and Cultural Response testing for media offered as both Difco™ and BBL™ brands may reflect differences in the
development and testing of media for industrial and clinical applications, per the referenced publications.

Identity Specifications

Difco™ Brain Heart Infusion Agar

Dehydrated Appearance:  Beige, free-flowing, homogeneous.

Solution: 5.2% solution, soluble in purified water upon boil-
ing. Solution is light to medium amber, slightly
opalescent to opalescent with a flocculent
precipitate.

Light to medium amber, slightly opalescent to
opalescent with a flocculent precipitate.

Prepared Appearance:

Reaction of 5.2%

Solution at 25°C: pH7.4+0.2

Cultural Response

Difco™ Brain Heart Infusion Agar

Prepare the medium per label directions without (plain) and with
5% defibrinated sheep blood (SB). Inoculate and incubate at 35 + 2°C
with 5-10% CO, for 18-48 hours (incubate A. brasiliensis aerobically at
30 + 2°C for 18-72 hours).

INOCULUM  RECOVERY  RECOVERY
ORGANISM ATCC™ CFU PLAIN WITH SB
Aspergillus
brasiliensis (niger) 16404  10%-3x10? Good Good
Escherichia coli 25922 10%-3x10? Good Good
Staphylococcus
aureus 25923 10%-3x10? Good Good
Streptococcus
pneumoniae 6305  10%-3x10? Good Good
Streptococcus
pyogenes 19615 10%-3x10? Good Good

BHI Agar is one formulation in which meat infusion is used,
although, unlike in the earlier days, the infusion components are
solids resulting from the drying of the liquid infusion material
rather than the liquid components themselves. Peptones are also
included as sources of nutrients.

Brain Heart Infusion Agar, Modified, the agar form of Brain
Heart Infusion, Modified, differs from other formulations by the
quantities of the infusion and peptone components utilized.

BHI Agar has proven to be effective in the cultivation of a
wide variety of microorganisms, including many types of
pathogens. BHI Agar can be used as a general medium for
aerobic bacteriology and for the primary recovery of fungi
from clinical specimens.? Brain Heart Infusion Agar with 10%
Sheep Blood can be used to isolate systemic fungi that may
grow poorly on the nonenriched medium. Antimicrobial
agents, including chloramphenicol, gentamicin, and penicillin in
combination with streptomycin, can be incorporated to
improve the recovery of pathogenic fungi from specimens
heavily contaminated with bacteria (see Selective Brain Heart
Infusion Agars).’

Principles of the Procedure

BHI Agar derives its nutrients from the brain heart infusion,
peptone and dextrose components. The peptones and infusion
are sources of organic nitrogen, carbon, sulfur, vitamins and
trace substances. Dextrose is a carbohydrate source that

Identity Specifications

BBL™ Brain Heart Infusion Agar

Dehydrated Appearance: ~ Fine, homogeneous, free of extraneous
material.

5.2% solution, soluble in purified water upon
boiling. Solution is medium to dark, yellow
to tan, trace to moderately hazy.

Medium to dark, yellow to tan, trace to
moderately hazy.

Solution:

Prepared Appearance:

Reaction of 5.2%
Solution at 25°C: pH7.4+0.2

BBL™ Brain Heart Infusion Agar, Modified

Dehydrated Appearance:  Fine, homogeneous, free of extraneous
material.

5.3% solution, soluble in purified water upon

boiling. Solution is medium to dark, yellow
to tan, trace to moderately hazy.

Solution:

Medium to dark, yellow to tan, trace to
moderately hazy.

Prepared Appearance:

Reaction of 5.3%
Solution at 25°C: pH7.4+02

Cultural Response

BBL™ Brain Heart Infusion Agar

Prepare the medium per label directions without (plain) and with
5% defibrinated sheep blood (SB). Inoculate and incubate at 35 + 2°C under
appropriate atmospheric conditions for 48 hours (incubate S. rimosus at
23-27°C for up to 7 days if necessary).

INOCULUM RECOVERY ~ RECOVERY
ORGANISM ATCC™ CFU PLAIN WITH SB
Escherichia coli 25922 10%-10° N/A Good
Listeria
monocytogenes 19115 10%-10 N/A Good
Pseudomonas
aeruginosa 10145 10%-10* Good N/A
Shigella flexneri 12022 10%-10° Good N/A
Staphylococcus
aureus 25923 10%-10 Good Good
Streptococcus
pneumoniae 6305 10%-10° Good Good
Streptococcus
pyogenes 19615 103-10° Good Good
Streptococcus
rimosus 10970  Undiluted Good N/A

BBL™ Brain Heart Infusion Agar, Modified

Prepare the medium per label directions without (plain) and with
5% defibrinated sheep blood (SB). Inoculate using pour plates and
incubate at 35 + 2°C for 48 hours.

INOCULUM ~ RECOVERY  RECOVERY
ORGANISM ATCC™ CFU PLAIN WITH SB
Escherichia coli 25922 10%-104 N/A Good
Staphylococcus
aureus 25923 10%-10 Good Good
Streptococcus
pyogenes 19615 10%-10* Good Good




Section Il

Brain Heart Infusion Agars, cont.

microorganisms utilize by fermentative action. The medium
is buffered through the use of disodium phosphate.

When defibrinated sheep blood is added to the basal medium,
it provides essential growth factors for the more fastidious
fungal organisms.

Formulae

Difco™ Brain Heart Infusion Agar
Approximate Formula* Per Liter
Calf Brains, Infusion from 200 g..........ccccooviiiiiiienn. 7.7
Beef Heart, Infusion from 250 g
Proteose Peptone.........c.uevviiiiiiiiiiii
DEXIIOSE .
Sodium Chloride ............
Disodium Phosphate
AGAI e

uuuuuuuauua

BBL™ Brain Heart Infusion Agar

Approximate Formula* Per Liter

Brain Heart, Infusion from (solids)..........cccccoovvveeiiei.n. 8.0
Peptic Digest of Animal TissUe..........ccocoevviiiiiiric, 5.0
Pancreatic Digest of Casein ........c.oocooviiiiiiiiie 16.0
Dextrose .......ccccoveeviinnenn

Sodium Chloride .
Disodium Phosphate ...........c.ccooiiviiiiiiiiiicce, 2.5
AGAT e 13.5

BBL™ Brain Heart Infusion Agar, Modified

Approximate Formula* Per Liter

Brain Heart, Infusion from (solids)..........cccooueevreeeeee.. 3.5
Peptic Digest of Animal Tissue
Pancreatic Digest of Casein ..................

DEXIIOSE ..o
Sodium Chloride ....ooveeiiiiiici e
Disodium Phosphate
AGAT

*Adjusted and/or supplemented as required to meet performance criteria.

Quuuuuuuauu

Quuuuuu

Directions for Preparation from
Dehydrated Product
1. Suspend the powder in 1 L of purified water:
Difco™ Brain Heart Infusion Agar - 52 g;
BBL"™ Brain Heart Infusion Agar - 52 g;
BBL™ Brain Heart Infusion Agar, Modified - 53 g.
Mix thoroughly.
2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.
3. Autoclave at 121°C for 15 minutes.
4. Before use, agitate gently to distribute the precipitate
uniformly throughout the medium.
5. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

Prepare plated medium from tubed agar deeps by liquefying
the medium in boiling water, cooling to 45-50°C and pour-
ing into sterile Petri dishes. Additives (e.g., blood) can be used
as desired.

Use standard procedures to obtain isolated colonies from
specimens. Since many pathogens require carbon dioxide on
primary isolation, plates of plain BHI may be incubated in an
atmosphere containing approximately 5-10% CO,. Incubate
plates at 35 = 2°C for 24-48 hours.

For isolation of fungi from potentially contaminated specimens,
a selective medium should be inoculated along with the nonse-
lective medium. Incubate the plates at 25-30°C in an inverted
position (agar side up) with increased humidity. For isolation
of fungi causing systemic mycoses, two sets of media should be
inoculated, with one set incubated at 25-30°C and a duplicate
setat 35 + 2°C. All cultures should be examined at least weekly
for fungal growth and should be held for 4-6 weeks before being
reported as negative.

BHI Agar slants primarily are used for the cultivation and
maintenance of pure cultures of microorganisms.

Expected Results

After sufficient incubation, the plates should show isolated
colonies in streaked areas and confluent growth in areas of
heavy inoculation. When culturing for fungi, examine plates
for fungal colonies exhibiting typical color and morphology.
Biochemical tests and serological procedures should be
performed to confirm findings.

Slant cultures may be used as sources of inocula for additional
studies or for organism maintenance purposes.

References

1. Creitz and Puckett. 1954. Am. J. Clin. Pathol. 24:1318.

2. Murray, Baron, Jorgensen, Landry and Pfaller, (ed.). 2007. Manual of clinical microbiology, 9th ed.
American Society for Microbiology, Washington, D.C.

3. Reisner, Woods, Thompson, Larone, Garcia and Shimizu. 1999. In Murray, Baron, Pfaller, Tenover
and Yolken (ed.), Manual of clinical microbiology, 7th ed. American Society for Microbiology,
Washington, D.C.

Availability

Difco™ Brain Heart Infusion Agar

[ BAV | [ SMD J SMWW ] USDA |
Cat. No. 241820 Dehydrated - 100 g

241830 Dehydrated — 500 g
241810 Dehydrated - 2 kg

BBL™ Brain Heart Infusion Agar

[ BAV | [ EPA | [ SMD J SMWW J USDA |
Cat. No. 211065 Dehydrated - 500 g
212166 Dehydrated — 5 Ib (2.3 kg)

United States and Canada

Cat.No. 221569 Prepared Plates (Deep Fill) — Pkg. of 20*
221570  Prepared Plates (Deep Fill) - Ctn. of 100*
220838  Prepared Pour Tubes (20 mL) - Pkg. of 10
221610  Prepared Slants (K Tubes) — Pkg of 10
297283  Prepared Slants (A Tubes) — Pkg. of 10

Europe

Cat. No. 255003 Prepared Plates — Pkg. of 20*

Japan

Cat. No. 252109 Prepared Plates (Deep Fill) - Pkg. of 20*

BBL™ Brain Heart Infusion Agar with 5% Sheep Blood

[ BS12|

Cat. No. 297199 Prepared Slants — Pkg. of 10*
296067  Prepared Slants — Ctn. of 100*

BBL™ Brain Heart Infusion Agar with 10% Sheep Blood

[ BS12|

United States and Canada

Cat.No. 296125 Prepared Slants — Pkg. of 10*

221843  Prepared Plates (Deep Fill) - Pkg. of 10*

BBL™ Brain Heart Infusion Agar, Modified
Cat. No. 299069 Dehydrated — 500 g
*Store at 2-8°C.



Brain Heart Infusion

Bacto™ Brain Heart Infusion, Porcine

Intended Use
Bacto™ Brain Heart Infusion, Porcine is used for cultivating a
wide variety of microorganisms.

Summary and Explanation

Rosenow! devised an excellent medium for culturing strep-
tococci by supplementing Dextrose Broth with brain tissue.
Hayden,? revising Rosenow’s procedure by adding crushed
marble to the medium, reported favorable growth of organisms
from dental pathogens. Brain Heart Infusion is a modification
of the media described by Rosenow!' and Hayden.? Infusion
from calf brains has replaced the brain tissue and disodium
phosphate has replaced the calcium carbonate buffer.

Brain Heart Infusion, Porcine was developed as an alternative
to the Brain Heart Infusion (BHI) formula, and replaces calf
brains and beef heart with porcine brains and heart. Brain
Heart Infusion, Porcine was developed for pharmaceutical and
vaccine production and can replace the traditional BHI
depending on organism and production application. BHI,
Porcine was formulated with no bovine components to mini-
mize Bovine Spongiform Encephalopathy (BSE) risk.

The nutritionally rich formula of BHI is used to grow a variety
of microorganisms. The original Brain Heart Infusion media are
specified in standard methods for multiple applications.*

Principles of the Procedure

Infusion from pork brains, infusion from pork heart and Pork
Peptone No. 2 provide nitrogen, carbon, sulfur and vitamins
in Brain Heart Infusion, Porcine. Dextrose is the carbon
energy source to facilitate organism growth. Sodium chloride
maintains the osmotic balance of the medium. Disodium phos-
phate is the buffering agent.

User Quality Control

Identity Specifications
Bacto™ Brain Heart Infusion, Porcine
Dehydrated Appearance: Light tan, free-flowing, homogeneous.

Solution: 3.7% solution, soluble in purified water. Solution
is light to medium amber, clear.
Prepared Appearance: Light to medium amber, clear.

Reaction of 3.7%
Solution at 25°C:

pH7.4+0.2
Cultural Response
Bacto™ Brain Heart Infusion, Porcine

Prepare the medium per label directions. Inoculate and incubate at
35 + 2°C for 18-48 hours.

ORGANISM ATCC™ INOCULUM CFU  RECOVERY
Neisseria meningitidlis 13090 10%-10° Fair
Streptococcus pneumoniae 6305 10%-10° Good
Streptococcus pyogenes 19615 10%-10° Fair

Formula

Bacto™ Brain Heart Infusion, Porcine
Approximate Formula* Per Liter
Pork Brains, Infusion from 200 g .......cccoooveeiiiiiiii.
Pork Heart, Infusion from 250 g...
Pork Peptone NO. 2.....cccoovvirnnnnn
DEeXtrose .....oooovviiiiiiieee
Sodium Chloride ...
Disodium Phosphate ..........ccocviiiiiiiiic

*Adjusted and/or supplemented as required to meet performance criteria.

uuuuua

Directions for Preparation from

Dehydrated Product

1. Suspend 37 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to com-
pletely dissolve the powder.

3. Autoclave at 121°C for 15 minutes.

4. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure
See appropriate references for specific procedures using Brain
Heart Infusion.

Expected Results

Refer to appropriate references and procedures for results.

References

1. Rosenow. 1919. J. Dent. Res. 1:205.

2. Hayden. 1923. Arch. Int. Med. 32:828.

3. Downes and Ito (ed.). 2001. Compendium of methods for the microbiological examination of foods,
4th ed. American Public Health Association, Washington, D.C.

4. US. Food and Drug Administration. 2001. Bacteriological analytical manual, online. AOAC Interna-
tional, Gaithersburg, Md.

5. Eaton, Rice and Baird (ed.). 2005. Standard methods for the examination of water and wastewater,
21st ed., online. American Public Health Association, Washington, D.C.

6. Horwitz (ed). 2007. Official methods of analysis, AOAC International, 18th ed., online. AOAC
International, Gaithersburg, Md.

Availability
Bacto™ Brain Heart Infusion, Porcine

Cat. No. 256120 Dehydrated — 500 g
256110 Dehydrated — 10 kg
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Brain Heart Infusion with PABA

Brain Heart Infusion with PABA
Brain Heart Infusion with PAB and Agar

Intended Use
Brain Heart Infusion (BHI) with para-aminobenzoic acid (PAB
or PABA) is a medium used for the examination of blood from

Formulae
Difco™ Brain Heart Infusion with PAB and Agar
Approximate Formula* Per Liter

patients who have received sulfonamide therapy. The addidon 522 HE T (TSER FORSC0 8 g
of agar has been found to improve growth of anaerobes. Proteose Peptone...........cococoveveveee.. .
Dextrose ....... [P
Summary and Explanation Sodium Chloride........
. . . Disodium Phosphate .....
PAB(A) has been incorporated into the formulation for BHI p-Aminobenzoic Acid....
to enable the detection of microorganisms in the blood of AT 1.0

patients who are undergoing sulfonamide therapy. The addi-
tion of 0.1% agar results in a medium with improved ability to

BBL™ Brain Heart Infusion with PABA
Approximate Formula* Per Liter

support the growth of certain microorganisms (e.g., anaerobes Braln He.art, Im‘uspn from (SOlIdS) ..o 6.0
. . Peptic Digest of Animal TissU€........cccocooiiiiiiiiiiis 6.0
and microaerophiles). Pancreatic Digest of Gelatin
. . DeXIrOSe ..neeeeee e
Principles of the Procedure Sodium Chloride
Unsupplemented BHI broth supports the growth of a broad  PEOTM ENOSNAC v B0

spectrum of microorganisms, including bacteria and fungi, due
to its content of nutritive ingredients, including brain heart
infusion, peptones and dextrose. Sodium chloride maintains
osmotic equilibrium. PAB(A) neutralizes, by competitive
inhibition, the effect of sulfonamides in the inoculum. The

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product
1. Suspend the powder in 1 L of purified water:

uUuuuuuuuauuu

uuuuuuuu

inclusion of agar minimizes oxygen distribution by restricting
convection currents.

User Quality Control

Difco™ Brain Heart Infusion with PAB and Agar - 38 g;
BBL" Brain Heart Infusion with PABA - 37 g (for blood
culture work, add 0.5 to 1.0 g of agar).

Mix thoroughly.

NOTE: Differences in the Identity Specifications and Cultural Response testing for media offered as both Difco™ and BBL™ brands may reflect differences in the
development and testing of media for industrial and clinical applications, per the referenced publications.

Identity Specifications
Difco™ Brain Heart Infusion with PAB and Agar
Dehydrated Appearance:  Light tan, free-flowing, homogeneous.

3.8% solution, soluble in purified water upon
boiling. Solution is light to medium amber,
slightly opalescent.

Light to medium amber, slightly opalescent.

Solution:

Prepared Appearance:

Reaction of 3.8%
Solution at 25°C:

pH7.4+0.2
Cultural Response
Difco™ Brain Heart Infusion with PAB and Agar

Prepare the medium per label direction without and with 0.5 g/L of sulfa-
diazine. Inoculate and incubate at 35 + 2°C under appropriate atmospheric
conditions for 18-48 hours.

RECOVERY  RECOVERY

INOCULUM  WITHOUT WITH
ORGANISM ATCC CFU  SULFADIAZINE SULFDIAZINE
Bacteroides fragilis 25285  30-300 Good Good
Neisseria meningitidis 13090  30-300 Good Good
Streptococcus
pneumoniae 6305  30-300 Good Good
Streptococcus
pyogenes 19615  30-300 Good Good

Identity Specifications
BBL™ Brain Heart Infusion with PABA

Dehydrated Appearance:  Fine, homogeneous, free of extraneous
material.

Solution: 3.7% solution, soluble in purified water upon
boiling. Solution is light to medium, yellow

to tan, clear to slightly hazy.

Prepared Appearance: Light to medium, yellow to tan, clear to
slightly hazy.
Reaction of 3.7%

Solution at 25°C: pH7.4+0.2

Cultural Response
BBL™ Brain Heart Infusion with PABA
Prepare the medium per label directions without and with 0.5 g/L of sulfadia-

zine (do not add agar). Inoculate and incubate at 35 + 2°C under appropriate
atmospheric conditions for 7 days (incubate C. albicans at 20-27°C).

RECOVERY RECOVERY
INOCULUM  WITHOUT WITH
ORGANISM ATCC™ CFU SULFADIAZINE  SULFDIAZINE
Bacteroides fragilis 25285 <10* Good Good
Candida albicans 10231 <10 Good Good
Streptococcus
pyogenes 19615 <10 Good Good



2. Heat with frequent agitation and boil for 1 minute to com-
pletely dissolve the powder.

3. Autoclave at 121°C for 15 minutes.

4. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

With liquid specimens, tubed media should be inoculated
with 1-2 drops of the specimen using a sterile pipette. Swab
specimens may be inserted into broth after inoculation of plated
media.

Liquid tubed media for anaerobic incubation should be
reduced prior to incubation by placing the tubes, with caps
loosened, under anaerobic conditions for 18-24 hours prior
to use. An efficient and easy way to obtain suitable anaerobic
conditions is through the use of BD GasPak™ EZ anaerobic
system or an alternative anaerobic system. Alternatively,
liquid media may be reduced immediately prior to use by
boiling with caps loosened and cooling with tightened caps to
room temperature before inoculation.

Brewer Anaerobic Agar

Expected Results

Examine tubes at intervals for up to 7 days for growth, which
is indicated by the presence of turbidity compared to an
uninoculated control.

If growth appears, cultures should be examined by Gram stain
and subcultured onto appropriate media; e.g., a Trypticase™ Soy
Agar with 5% Sheep Blood and/or Chocolate IT Agar plate, Eosin
Methylene Blue Agar, Levine, or MacConkey II Agar plates.
If anaerobes are suspected, subcultures should be incubated
anaerobically, as in a BD GasPak™ EZ anaerobic system.

Availability
Difco™ Brain Heart Infusion with PAB and Agar
Cat. No. 249910 Dehydrated — 500 g

BBL™ Brain Heart Infusion with PABA

Cat. No. 211069 Dehydrated — 500 g
220842  Prepared Tubes with 0.1% Agar, 20 mL
(A Tubes) — Pkg. of 10

Brewer Anaerobic Agar

Intended Use
Brewer Anaerobic Agar is used for cultivating anaerobic and
microaerophilic bacteria.

Summary and Explanation

Brewer' described a special Petri dish cover that allowed
surface growth of anaerobes and microaerophiles without
anaerobic equipment. The microorganisms were grown on agar
with a low oxidation-reduction potential. Brewer Anaerobic

User Quality Control

Identity Specifications
Difco™ Brewer Anaerobic Agar
Dehydrated Appearance:  Light beige, free-flowing, homogeneous.

Solution: 5.8% solution, soluble in purified water upon
boiling. Solution is light amber, slightly opal-
escent while hot, turning red on aeration and

cooling.

Light pink ring at outer edge, light amber in
center, slightly opalescent.

Prepared Appearance:

Reaction of 5.8%
Solution at 25°C:

pH7.2+0.2

Cultural Response

Difco™ Brewer Anaerobic Agar

Prepare the medium per label directions. Inoculate Brewer plates with

the test organisms. Replace the porous covers with Brewer covers and
seal. Incubate plates at 35 + 2°C aerobically for 18-48 hours.

ORGANISM ATCC*  INOCULUM CFU RECOVERY
Bacteroides fragilis 25285 10%-10° Good
Clostridium beijerinckii 17795 10%-10° Good
Clostridium perfringens 12924 10%-10° Good

Agar was originally formulated and modified for the procedure
described by Brewer.! This medium is suitable for standard
plating procedures used in cultivating anaerobic bacteria.

Anaerobic bacteria cause a variety of infections in humans,
including otitis media, oral infections, endocarditis, meningitis,
wound infections following bowel surgery or trauma and bacte-
remia.”® Anaerobic bacteria are the predominant flora colonizing
the skin and mucous membranes of the body.> Anaerobes vary
in their sensitivity to oxygen and nutritional requirements.?
Anaerobic bacteria lack cytochromes and thus are unable to
use oxygen as a terminal electron acceptor.’

Principles of the Procedure

Peptones and yeast extract provide the nitrogen, vitamins and
amino acids in Brewer Anaerobic Agar. Dextrose is the carbon
source, and sodium chloride maintains osmotic equilibrium.
Sodium thioglycollate and sodium formaldehyde sulfoxylate
are the reducing agents. Resazurin serves as an indicator of
anaerobiosis with a pink color indicating the presence of
oxygen. Agar is the solidifying agent.

Formula
Difco™ Brewer Anaerobic Agar

Approximate Formula* Per Liter

Pancreatic Digest of Casein .........c.ccooviioieiiiiiciie 5.0
Proteose Peptone No. 3
Yeast Extract ..............
Dextrose .............
Sodium Chloride ...
AGAr .ot

Sodium Thioglycollate ..................

Sodium Formaldehyde Sulfoxylate ............ccoceveiinne. 1.
RESAZUIIN ..o 2.0
*Adjusted and/or supplemented as required to meet performance criteria.

uUuuuuuuuuua
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Brewer Anaerobic Agar, cont.

Directions for Preparation from

Dehydrated Product

1. Suspend 58 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to com-
pletely dissolve the powder.

3. Autoclave at 121°C for 15 minutes.

4. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure
Standard Petri Dishes?

1. Inoculate a properly obtained specimen onto the medium,
and streak to obtain isolated colonies.

2. Immediately incubate anaerobically at 35 = 2°C.

3. Examine at 24 hours if incubating plates in an anaerobic
chamber. Examine at 48 hours if incubating plates in an
anaerobic jar or pouch, or if using Brewer anaerobic dish
cover.

4. Extended incubation may be necessary to recover some
anaerobes.

Brewer Anaerobic Agar Plates

1. Dispense 50-60 mL of Brewer Anaerobic Agar into a
standard Petri dish. For best results use porous tops to
obtain a dry surface.

2. Inoculate the surface of the medium by streaking; avoid the
edges of the plates.

3. Replace the standard Petri dish lid with a sterile Brewer
anaerobic dish cover. The cover should not rest on the
Petri dish bottom. The inner glass ridge should seal against
the uninoculated periphery of the agar. It is essential that
the sealing ring inside the cover is in contact with the
medium. This seal must not be broken before the end of
the incubation period. A small amount of air is caught over

the surface of the medium, and the oxygen in this space
reacts with the reducing agents to form an anaerobic
environment.

4. Incubate aerobically as desired.

For a complete discussion on anaerobic and microaerophilic
bacteria from clinical specimens, refer to the appropriate
procedures outlined in the references.”* For the examination of
anaerobic bacteria in food refer to standard methods.**

Expected Results

Refer to appropriate references and procedures for results.

Limitations of the Procedure

1. Clinical specimens must be obtained properly and trans-
ported to the laboratory in a suitable anaerobic transport
container.?

2. The microbiologist must be able to verify quality control
of the medium and determine whether the environment is
anaerobic.?

3. The microbiologist must perform aerotolerance testing on each
isolate recovered to ensure the organism is an anaerobe.’

References

1. Brewer. 1942. Science 95:587.

2. Isenberg and Garcia (ed.). 2004 (update, 2007). Clinical microbiology procedures handbook, 2nd ed.
American Society for Microbiology, Washington, D.C.

3. Baron, Peterson and Finegold. 1994. Bailey & Scott’s diagnostic microbiology, 9th ed. Mosby-Year
Book, Inc., St. Louis, Mo.

4. Murray, Baron, Jorgensen, Landry and Pfaller, (ed.). 2007. Manual of clinical microbiology, 9th ed.
American Society for Microbiology, Washington, D.C.

5. Smith. 1975. The pathogenic anaerobic bacteria, 2nd ed. Charles C. Thomas, Springfield, IIl.

6. Wehrand Frank (ed.). 2004. Standard methods for the microbiological examination of dairy products,
17th ed. American Public Health Association, Washington, D.C.

7. U.S. Food and Drug Administration. 2001. Bacteriological analytical manual, online. AOAC Interna-
tional, Gaithersburg, Md.

8. Downes and Ito (ed.). 2001. Compendium of methods for the microbiological examination of foods,
4th ed. American Public Health Association, Washington, D.C.

Availability
Difco™ Brewer Anaerobic Agar
Cat. No. 227920 Dehydrated — 500 g

Brilliant Green Agar
Intended Use

Brilliant Green Agar is a highly selective medium for the isola-
tion of Salmonella other than S. Typhi from feces and other
materials.

Summary and Explanation

Brilliant Green Agar was first described by Kristensen et al. in
1925.! Their formulation was modified slightly by Kauffmann in
1935.2 The medium is included in procedures for the examination
of water and wastewater.’

Principles of the Procedure

Brilliant green dye inhibits gram-positive bacteria and a major-
ity of gram-negative bacilli. Phenol red serves as a pH indicator
and yields a yellow color as a result of acid production in the
fermentation of the lactose and/or sucrose in the medium.

Formula
Difco™ Brilliant Green Agar
Approximate Formula* Per Liter

Proteose Peptone NO. 3., 100 g
Yeast EXTract ......ooooiiiii 30 g
Lactose ......... .10.0 g
Saccharose. 100 g
Sodium Chloride . .50 g
AGAE 200 g
Brilliant GreeN .......oooviiiiiiiiicec e 12.5 mg
Phenol Red........cooiiiiii 0.08 g

*Adjusted and/or supplemented as required to meet performance criteria.



Directions for Preparation from

Dehydrated Product

1. Suspend 58 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Autoclave at 121°C for 15 minutes.

4. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

Use standard procedures to obtain isolated colonies from
specimens. A less selective medium and a nonselective medium
should also be streaked to increase the chance of recovery
when the population of gram-negative organisms is low and
to provide an indication of other organisms present in the
specimen. Incubate plates, protected from light, at 35 = 2°C
for 18-24 hours. If negative after 24 hours, reincubate an
additional 24 hours.

Expected Results
Typical colonial morphology on Brilliant Green Agar is as
follows:

Salmonella (other than

S. Typhi and S. Paratyphi) ...... White to red, opaque colonies

surrounded by red zones in the
medium

S. Typhi and S. Paratyphi ....... No growth to trace growth
Shigella..........ccccoeeeiiiinn.. No growth to trace growth

Escherichia coli and

Enterobacter/Klebsiella .......... Yellow to greenish-yellow
colonies surrounded by intense
yellow-green zones in medium

Proteus .........cccevveiiiiiaiien, No growth to trace growth

Pseudomonas........................ Pink to red colonies

Gram-positive bacteria .......... No growth to trace growth
References

1. Kristensen, Lester and Jurgens. 1925. Br. J. Exp. Pathol. 6:291.

2. Kauffmann. 1935. Z. Hyg. Infektionskr. 117:26.

3. Eaton, Rice and Baird (ed.). 2005. Standard methods for the examination of water and wastewater,
21st ed., online. American Public Health Association, Washington, D.C.

Brilliant Green Agar Modified

User Quality Control

Identity Specifications
Difco™ Brilliant Green Agar
Dehydrated Appearance:  Pink, free-flowing, homogeneous.

5.8% solution, soluble in purified water upon
boiling. Solution is brownish-green, clear to very
slightly opalescent.

Orange-brown, very slightly to slightly opales-

Solution:

Prepared Appearance:

cent.
Reaction of 5.8%
Solution at 25°C: pH6.9+0.2
Cultural Response

Difco™ Brilliant Green Agar

Prepare the medium per label directions. Inoculate and incubate at
35 + 2°C for 18-24 hours.

INOCULUM COLONY
ORGANISM ATCC” CFU RECOVERY COLOR
Escherichia coli 25922 ~10 Poor  Yellow-green
Salmonella enterica
subsp. enterica
serotype Enteritidis 13076 30-300 Good Red
Salmonella enterica
subsp. enterica None to
serotype Typhi 19430  30-300 poor Red
Salmonella enterica
subsp. enterica
serotype Typhimurium 14028  30-300 Good Red
Staphylococcus Marked
aureus 25923 ~10¢ inhibition -
Availability
Difco™ Brilliant Green Agar
[ EP | SMWW |
Cat. No. 228530 Dehydrated — 500 g
BBL™ Brilliant Green Agar
[ EP | SMWW |
Cat. No. 295963 Prepared Plates — Pkg. of 20*

*Store at 2-8°C.

Brilliant Green Agar Modified

Intended Use
Brilliant Green Agar Modified is used for isolating Salmonella
from water, sewage and foodstuffs.

Summary and Explanation

Kampelmacher' proposed the formula for a selective medium
to isolate Salmonella from pig feces and minced meat. Brilliant
Green Agar Modified is more selective than Desoxycholate
Citrate Agar and other brilliant green media, and inhibits the
growth of Pseudomonas aeruginosa and partially inhibits
the growth of Proteus spp. which may resemble Salmonella.

Salmonella enterica grows well on Brilliant Green Agar Modified
compared to Desoxycholate Citrate Agar.?

Brilliant Green Agar Modified is recommended for the isolation
of Salmonella, other than Salmonella Typhi, from water and
associated materials® and meat and meat products.* It is
recommended by the British Poultry Meat Society’ for the
examination of poultry and poultry products. The recom-
mended procedures include using complementary selective
culture media and techniques to increase the likelihood of
isolating multiple serotypes of Salmonella from samples.®
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Brilliant Green Agar Modified, cont.

User Quality Control

Identity Specifications
Difco™ Brilliant Green Agar Modified
Dehydrated Appearance:  Pink, free-flowing, homogeneous.

Solution: 5.2% solution, soluble in purified water upon
boiling. Solution is orange-brown, clear to
slightly opalescent.

Prepared Appearance: Orange-brown, clear to slightly opalescent.

Reaction of 5.2%
Solution at 25°C: pH6.9+0.1

Cultural Response

Difco™ Brilliant Green Agar Modified

Prepare the medium per label directions. Inoculate and incubate at
35 + 2°C for 18-24 hours.

INOCULUM COLONY
ORGANISM ATCC™ CFU RECOVERY COLOR
Escherichia coli 25922 10° Complete to Green

partial inhibition

Proteus mirabilis 25933 10° Complete to Red
partial inhibition

Salmonella enterica

subsp. enterica

serotype Typhimurium 14028 10%-10° Good Red

Principles of the Procedure

Brilliant Green Agar Modified contains beef extract and peptone
as sources of carbon, nitrogen, vitamins and minerals. Yeast
extract supplies B-complex vitamins which stimulate bacterial
growth. Lactose and sucrose are carbohydrate sources. In
the presence of phenol red, a pH indicator, lactose- and/or
sucrose-nonfermenting Salmonella will produce red colonies.
Brilliant green inhibits gram-positive organisms and many
gram-negative bacteria, except Salmonella. Agar is the solidify-
ing agent.

Formula
Difco™ Brilliant Green Agar Modified
Approximate Formula* Per Liter

Beef EXraCt. . ..oovvieeiiit e 50 g
Peptone .....ccccccccei g
Yeast Extract g
Disodium Phosphate ............coccoiiiiiiii i 1.0 g
Monosodium Phosphate ..........ccccceeviiiiiiiiiiii 06 g
LACtOSE ... g
SUCTOSE ..o g
Phenol Red............c.... o}
Brilliant Green ........ocooiiiiiii 4.7 mg
AGAC e 120 g

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 52 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder. DO NOT AUTOCLAVE.

3. Test samples of the finished product for performance using
stable, typical control cultures.

Uninoculated
Plate

Salmonella Typhimurium
ATCC™ 14028

Procedure
Meat and Meat Products

1. Weigh 25 g of the sample into a sterile blender jar and
add 225 mL of Buffered Peptone Water. Macerate for a
sufficient time to give 15,000-20,000 revolutions.

2. Aseptically transfer the contents of the blender jar to a
500 mL flask. Incubate at 37 + 0.1°C for 16-20 hours.

3. Transfer 10 mL samples to 100 mL Muller Kauffmann
Tetrathionate Broth.

4. Incubate the Muller Kauffmann Tetrathionate Broth at
42-43°C.

Sewage Polluted Natural Water

This procedure is applicable to the isolation of Salmonella spp.
other than S. Typhi.

1. Inoculate 25 mL aliquots of the sample into 25 mL of double
strength Buffered Peptone Water and incubate at 37°C for
18 hours.

2. Transfer 1 mL samples into 10 mL of Muller Kauffmann
Tetrathionate Broth.

3. Incubate at 43°C for 48 hours.

Subculture

1. Subculture from the broth at 18-24 hours and at 48 hours
onto Brilliant Green Agar Modified.

2. Examine for typical colonies of Salmonella after overnight
incubation at 37°C.

Expected Results

Salmonella will produce red colonies.



Limitations of the Procedure

1. Organisms other than Salmonella spp., such as Morganella
morgani and some Enterobacteriaceae, may grow on the
medium.

2. Confirmatory tests, such as fermentation reactions and
seroagglutination, should be carried out on all presumptive
Salmonella spp.

References

1. Guinee and Kampelmacher. 1962. Antonie van Leeuwenhoek 28:417.

2. Heard, Jennet and Linton. 1969. Br. Vet. J. 125:635.

3. H.M.S. 0. 1982. Methods for the isolation and identification of salmonellae (other than Salmonella
typhi) from water and associated materials.

4. International Organisation for Standardization. 1974. Draft International Standard ISO/DIS 3565.
Geneva, Switzerland.

5. British Poultry Meat Society. 1982. A manual of recommended methods for the microbiological
examination of poultry and poultry products.

6. Harvey and Price. 1976. J. Hyg. Camb. 77:333.

Brilliant Green Bile Agar

Availability

Difco™ Brilliant Green Agar Modified
Ea

Cat. No. 218801 Dehydrated — 500 g

Europe

Cat. No. 254490 Prepared Plates — Pkg. of 20*

*Store at 2-8°C.

Brilliant Green Bile Agar

Intended Use
Brilliant Green Bile Agar is used for isolating, differentiating and
enumerating coliform bacteria.

Summary and Explanation

Noble and Tonney' described Brilliant Green Bile Agar for
determining the relative density of coliform bacteria in water and
sewage. The medium is particularly useful in selectively isolating
Salmonella spp. from other coliform bacteria.

User Quality Control

Identity Specifications
Difco™ Brilliant Green Bile Agar

Dehydrated Appearance:  Light purple, free-flowing, homogeneous (may
contain small dark particles).

Solution: 2.06% solution, soluble in purified water upon
boiling. Solution is bluish-purple, slightly opales-
cent.

Prepared Appearance: Blue with or without a tint of purple, slightly
opalescent.

Reaction of 2.06%

Solution at 25°C: pH6.9+0.2

Cultural Response

Difco™ Brilliant Green Bile Agar
Prepare the medium per label directions. Inoculate using the pour plate
technique and incubate at 35 + 2°C for 18-24 hours.

INOCULUM COLONY
ORGANISM ATCC*  CFU RECOVERY COLOR
Enterobacter aerogenes 13048  10%-10° Good Pink
Escherichia coli 25922 10%-10° Good Deep red with

bile precipitate

Salmonella enterica
subsp. enterica Colorless to
serotype Typhimurium 14028 10%-10° Good light pink

25923 10%-2x10° Marked to =

complete inhibition

Staphylococcus aureus

Principles of the Procedure

Brilliant Green Bile Agar contains peptone as a source of
carbon, nitrogen, vitamins and minerals. Lactose is a ferment-
able carbohydrate. Oxgall (bile) and brilliant green inhibit
gram-positive bacteria and most gram-negative bacteria
except coliforms. Basic fuchsin and erioglaucine are pH
indicators. Monopotassium phosphate is a buffering agent. Agar
is the solidifying agent.

Uninoculated

Enterobacter aerogenes
Plate

ATCC™ 13048

Salmonella
Enteritidis
ATCC™ 13076

Escherichia coli
ATCC™ 25922
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Brilliant Green Bile Agar, cont.

Differentiation of the coliforms is based on fermentation of
lactose. Bacteria that ferment lactose produce acid and, in the
presence of basic fuchsin, form deep red colonies with a pink
halo. Bacteria that do not ferment lactose form colorless to
faint pink colonies. Coliform bacteria typically ferment lactose,
producing deep red colonies, while Salmonella spp., which do
not ferment lactose, produce colorless to faint pink colonies.

Formula
Difco™ Brilliant Green Bile Agar
Approximate Formula* Per Liter

PEPIONE .o 825 ¢
LACtOSE .. 19 g
OXGall e 2.95mg
Sodium SUHIte. ... 205.0 mg
Ferric Chloride........oooiiiiii e 29.5 mg
Monopotassium Phosphate.............cccceevviiiiiiiiinc, 15.3 mg
AGAT i 10.15 g
ErOglauCINg ... 64.9 mg
Basic FUChSIN ...t 77.6 mg
Brilliant Green ........cccoooiiiiiiii 29.5 g

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 20.6 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to com-
pletely dissolve the powder.

3. Autoclave at 121°C for 15 minutes.
4. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure
See appropriate references for specific procedures.>?

Expected Results

Refer to appropriate references and procedures for results.?®

Limitation of the Procedure

The medium is sensitive to light, particularly direct sunlight,
which produces a decrease in the productivity of the medium and
a change in color from deep blue to purple or red. The medium
should be prepared just prior to use and, when necessary to store
the medium, it should be kept in the dark.

References

1. Nobel and Tonney. 1935. J. Am. Water Works Assoc. 27:108.

2. Eaton, Rice and Baird (ed.). 2005. Standard methods for the examination of water and wastewater,
21st ed., online. American Public Health Association, Washington, D.C.

3. Downes and Ito (ed.). 2001. Compendium of methods for the microbiological examination of foods,
4th ed. American Public Health Association, Washington, D.C.

Availability
Difco™ Brilliant Green Bile Agar

COMPF

Cat. No. 214100 Dehydrated — 500 g

Brilliant Green Bile Broth 2%

Intended Use

Brilliant Green Bile Broth 2% (Brilliant Green Lactose Bile Broth)
is used for the detection of coliform organisms in foods, dairy
products, water and wastewater, as well as in other materials
of sanitary importance.

Summary and Explanation

Brilliant Green Bile Broth 2% is formulated according to the
American Public Health Association (APHA)! specifications for
use in the confirmation of presumptive tests for coliforms.

Principles of the Procedure

Brilliant Green Bile Broth 2% contains two inhibitors of both
gram-positive and selected gram-negative organisms; i.e., oxgall
and brilliant green dye. Organisms, primarily coliforms, which
are resistant to the action of the inhibitors and which ferment
the lactose, are able to replicate in this medium. Fermentation
is detected by gas production.

Formula
Difco™ Brilliant Green Bile Broth 2%
Approximate Formula* Per Liter

Peptone ... 100 g
OXGall o 200 g
LACLOSE . 10.0 g
Brilliant Green .....cooviiiiiicie e 13.3 mg

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 40 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Warm slightly to completely dissolve the powder.

Dispense into tubes containing inverted fermentation vials.

4. Autoclave at 121°C for 15 minutes. Cool the broth as quickly
as possible.

5. Test samples of the finished product for performance using
stable, typical control cultures.

W

Procedure

For the detailed procedures for use of this medium in confirma-
tory testing for coliforms, refer to the various compendia for the
examination of materials of sanitary importance.”

Expected Results

Gas production within 48 = 3 hours is considered positive
evidence of fermentation by coliform bacilli. Detailed results
for the enumeration of coliforms using Brilliant Green Bile
Broth 2% are discussed in the various compendia of methods
for microbiological examination of foods, dairy products and
water and wastewater."



User Quality Control

Identity Specifications

Difco™ Brilliant Green Bile Broth 2%

Dehydrated Appearance:  Beige to greenish-beige, free-flowing, homogeneous.

Solution: 4.0% solution, soluble in purified water. Solution is emerald
green, clear.

Prepared Appearance: Emerald green, clear.

Reaction of 4.0%

Solution at 25°C: pH7.2+0.2

Cultural Response

m Brilliant Green Broth

1

Difco™ Brilliant Green Bile Broth 2%
Prepare the medium per label directions. Inoculate and incubate at 35 + 2°C for x
48 hours.
INOCULUM GAS

ORGANISM ATCC” CFU RECOVERY PRODUCTION
Enterobacter aerogenes 13048  10-10° Good +
Enterococcus faecalis 19433 10°-2x10° Partial to -

complete inhibition
Escherichia col 25922 10107 Good 5 Uninoculated ez gl
Staphylococcus aureus 25923 10%-2x10° Marked to -

complete inhibition

References Availability

1. Eaton, Rice and Baird (ed.). 2005. Standard methods for the examination of water and wastewater,
21st ed., online. American Public Health Association, Washington, D.C.

2. Wehr and Frank (ed.). 2004. Standard methods for the examination of dairy products, 17th ed.
American Public Health Association, Washington, D.C.

3. U.S. Food and Drug Administration. 2001. Bacteriological analytical manual, online. AOAC Interna-
tional, Gaithersburg, Md.

4. Horwitz (ed.). 2007. Official methods of analysis of AOAC International, 18th ed., online. AOAC
International, Gaithersburg, Md.

5. Downes and Ito (ed.). 2001. Compendium of methods for the microbiological examination of foods,
4th ed. American Public Health Association, Washington, D.C.

Difco™ Brilliant Green Bile Broth 2%

[ BAM | [EPA] 1SO | SMD § smww |
Cat. No. 273000 Dehydrated - 100 g

274000 Dehydrated — 500 g

271000 Dehydrated - 2 kg

BBL™ Brilliant Green Bile Broth, 2%

[ BAM | [EPA] 1SO | SMD § smww |
Cat. No. 221612  Prepared Tubes with Durham Tube — Pkg. of 10*
*Store at 2-8°C.

m Brilliant Green Broth

Intended Use
m Brilliant Green Broth is used for recovering and differentiating
Salmonella from primary water samples by membrane filtration.

Summary and Explanation

m Brilliant Green Broth is primarily used as a selective-differ-
ential medium for Salmonella species. Salmonella species cause
many types of infections from mild, self-limiting gastroenteritis
to life-threatening typhoid fever.! The most common form of
Salmonella disease is self-limiting gastroenteritis with fever
lasting less than 2 days and diarrhea lasting less than 7 days.!

m Brilliant Green Broth is a modification of Kauffmann’s*
Brilliant Green Agar in which the agar has been omitted and all
other ingredients are at double strength.

Kabler and Clark® used m Brilliant Green Broth in a membrane
filtration procedure originally developed by Geldreich and
Jeter.* In this technique, an appropriate volume of water is

filtered through the membrane filter. The filter is placed on an
absorbent pad saturated with m Tetrathionate Broth Base. After
incubation, the membrane is transferred to another absorbent
pad saturated with m Brilliant Green Broth and incubated.
Following incubation, the membrane is transferred to a fresh
pad saturated with urease test reagent.

Principles of the Procedure

Peptone provides the nitrogen, minerals and amino acids in
m Brilliant Green Broth. Yeast extract is the vitamin source.
Lactose and saccharose are the carbohydrates for bacterial
growth. Sodium chloride maintains the osmotic balance of the
medium and phenol red is the dye used as an indicator of
carbohydrate fermentation. Brilliant green is the selective agent.
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B m Brilliant Green Broth, cont.

Formula
Difco™ m Brilliant Green Broth

Approximate Formula* Per Liter

Proteose Peptone NO. 3......ccooiiiiiiiiiiiccce
Yeast EXTract ...,
Lactose ...........

Saccharose
Sodium Chloride ............
Phenol Red.....................
Brilliant Green .........coooviiioiiee e
*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 7.6 g of the powder in 100 mL of purified water.
Mix thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder. DO NOT AUTOCLAVE.

3. Cool to room temperature. Dispense 2 mL amounts onto
sterile absorbent pads.

4, Use rehydrated medium within 24 hours.

5. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

1. Inoculate a water sample using the membrane filtration
procedure.

2. Place the filter on a pad saturated with m Brilliant Green
Broth.

3. Incubate at 35 = 2°C in a humid atmosphere for 18-24
hours.

4. After incubation, examine for growth and the color of the
colonies.

Expected Results

Salmonella species form pink to red colonies.

References

1. Murray, Baron, Pfaller, Tenover and Yolken (ed.). 1995. Manual of clinical microbiology, 6th ed.
American Society for Microbiology, Washington, D.C.

2. Kauffmann. 1935. Z. Hyg. Infektionskr. 117:26.

3. Kabler and Clark. 1952. Am. J. Public Health 42:390.

4. Geldreich and Jeter. 1952. Abstr. Bacteriol. Proc. 52nd Gen. Meet. Soc. Am. Bacteriologists 1952.

Availability
Difco™ m Brilliant Green Broth
Cat. No. 249410 Dehydrated — 500 g

User Quality Control

Identity Specifications

Difco™ m Brilliant Green Broth

Dehydrated Appearance:  Pink, free-flowing, homogeneous.

Solution: 7.6% solution, soluble in purified water. Solution
is greenish-red, slightly opalescent.

Prepared Appearance: Greenish-red, slightly opalescent.

Reaction of 7.6%

Solution at 25°C: pH6.9+0.2

Cultural Response

Difco™ m Brilliant Green Broth

Prepare the medium per label directions. Inoculate using the membrane
filter technique and incubate at 35 + 2°C in a humid atmosphere for
18-24 hours.

INOCULUM COLONY
ORGANISM ATCC" CFU RECOVERY  COLOR

Escherichia coli 25922 20-80 Good Yellow
Salmonella enterica

subsp. enterica

serotype Enteritidis 13076  20-80 Good  Pink to red
Salmonella enterica

subsp. enterica
serotype Typhimurium 14028  20-80 Good  Pink to red

Escherichia coli
ATCC™ 25922

Salmonella
Typhimurium
ATCC™ 14028
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Brucella Media

Brucella Agar ¢ Brucella Agar with 5% Horse Blood

Brucella Broth
Intended Use

Brucella Agar is a culture medium for the cultivation of Brucella
organisms. With the addition of 5% horse blood, the medium
is used in qualitative procedures for the isolation and cultivation
of nonfastidious and fastidious microorganisms from a variety
of clinical and nonclinical specimens.

Brucella Broth is used for the cultivation of Brucella species and
for the isolation and cultivation of a wide variety of fastidious
and nonfastidious microorganisms.

Summary and Explanation

Brucella Agar was developed for the cultivation of Brucella
species from diagnostic specimens, such as blood, and from
foods and other potentially contaminated material. Brucella
Agar with 5% Horse Blood plates are particularly useful for
the cultivation of the more fastidious aerobic and anaerobic
microorganisms, including streptococci, pneumococci, Listeria,
Neisseria meningitidis and Haemophilus influenzae.

Brucella Broth may be used for the isolation and cultivation
of a wide variety of microorganisms including nutritionally
fastidious specimens.' This medium is recommended for
the cultivation of Brucella species and was recommended as one

User Quality Control

Identity Specifications
BBL™ Brucella Agar
Dehydrated Appearance: Fine, homogeneous, free of extraneous
material.

4.3% solution, soluble in purified water upon
boiling. Solution is light to medium, tan toyel-
low, clear to slightly hazy, may contain small

Solution:

amount of sediment.

Prepared Appearance: Light to medium, tan to yellow, clear to
slightly hazy.

Reaction of 4.3%

Solution at 25°C: pH7.0+0.2

BBL™ Brucella Broth

Dehydrated Appearance: Fine, homogeneous, free of extraneous
material.
Solution: 2.8% solution, solublein purified water upon

heating. Solution is pale to medium, tan to
yellow, clear to slightly hazy.

Pale to medium, tan to yellow, clear to slightly
hazy.

Prepared Appearance:

Reaction of 2.8%

Solution at 25°C: pH7.0+0.2

of several media suitable for use as the liquid medium component
of biphasic blood culture bottles."*It is also used to cultivate
Campylobacter spp.’

Principles of the Procedure

Brucella Agar and Brucella Broth support the growth of
fastidious microorganisms due to their content of peptones,
dextrose and yeast extract. The peptones supply organic
nitrogen. The yeast extract is a potent source of the B-complex
vitamins. Dextrose is utilized as an energy source. Sodium
bisulfite is a reducing agent, and sodium chloride maintains
the osmotic equilibrium. Agar is the solidifying agent in
Brucella Agar.

In BBL" Brucella Agar with 5% Horse Blood plates, the horse
blood supplies both the X and V factors which are growth
requirements for certain organisms; e.g., Haemophilus influen-
zae.’ Sheep and human blood are not suitable for this purpose

because they contain enzymes that inactivate the nicotinamide
adenine dinucleotide (NAD) which is the V factor.*

Defibrinated horse blood may give hemolytic reactions differ-
ent than sheep blood.* Some streptococci (e.g., group D) give
hemolytic reactions on horse blood but not on sheep blood

Cultural Response

BBL™ Brucella Agar

Prepare the medium per label directions without (plain) and with 5%
defibrinated horse blood (HB). Inoculate and incubate at 35 + 2°C for
3 days with 3-5% CO, (incubate S. aureus without CO,).

INOCULUM RECOVERY RECOVERY
ORGANISM ATCC" CFU PLAIN WITH HB

Brucella abortus 11192*  10*-10° Good Good
Brucella melitensis 4309*  10°-10° Good N/A
Brucella suis 4314*  10%-10* Good N/A
Staphylococcus aureus 25923 10%-10° Good N/A
Streptococcus pneumoniae 6305 10%-10* N/A Good
Streptococcus pyogenes 19615  10°-10* N/A Good

*Minimally one strain of Brucella should be used for performance testing. If these strains are not
available, verify performance with a known isolate.

BBL™ Brucella Broth

Prepare the medium per label directions. Inoculate and incubate at
35 + 2°C for 7 days with 3-5% CO, (incubate S. pyogenes for 66-72
hours without CO,).

ORGANISM ATCC*  INOCULUM CFU  RECOVERY
Brucella abortus 11192* <10 Growth
Brucella melitensis 4309* <10 Growth
Brucella suis 4314* <10 Growth
Streptococcus pyogenes 19615 <10 Growth

*Minimally one strain of Brucella should be used for performance testing. If these strains are not
available, verify performance with a known isolate.
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Brucella Media, cont.

and may be mistakenly reported as group A. If a hemolytic
reaction is obtained, the organism should be tested with a
Taxo™ A bacitracin (0.04 unit) disc and it also should be
grouped serologically or tested by the fluorescent antibody
method.® Beta-hemolytic streptococci and Haemophilus
haemolyticus may be differentiated by performing a Gram stain
on a smear prepared from the colony.

Formulae
BBL™ Brucella Agar
Approximate Formula* Per Liter

Pancreatic Digest of Casein .........c..ccoovvvviieeiiiiies 100 g
Peptic Digest of Animal Tissue...........cooovviviiieieennnn. 100 g
DEXIIOSE ... 1.0 g
Yeast EXTract ..o 20 g
Sodium Chloride ......ooviii e 50 g
SOdiuM BIiSUIITE ..o 0.1 g
AGAT i 150 ¢

BBL™ Brucella Broth

Consists of the same ingredients without the agar.
*Adjusted and/or supplemented as required to meet performance criteria.

Precautions’

1. Biosafety Level 2 practices, containment equipment and
facilities are recommended for activities with clinical speci-
mens of human or animal origin containing or potentially
containing pathogenic Brucella spp.

2. Biosafety Level 3 practices, containment equipment and
facilities are recommended for all manipulations of cultures
of the pathogenic Brucella spp. and for experimental
animal studies.

Directions for Preparation from

Dehydrated Product

1. Suspend the powder in 1 L of purified water:

BBL" Brucella Agar - 43 g;
BBL" Brucella Broth - 28 g.
Mix thoroughly.

2. For the agar, heat with frequent agitation and boil for
1 minute to completely dissolve the powder. For the broth,
heat slightly, if necessary, to obtain solution.

3. Autoclave at 121°C for 15 minutes.

4. For preparation of blood plates, add 5 to 10% sterile de-
fibrinated blood to sterile agar which has been cooled to
45-50°C.

5. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

Agar (without or with added blood)

Use standard procedures to obtain isolated colonies from
specimens.

Since many pathogens require carbon dioxide on primary isola-
tion, incubate plates at 35 + 2°C for 24-72 hours in anaerobic
atmosphere supplemented with carbon dioxide.

Broth

For liquid specimens, use a sterile inoculating loop to transfer
a loopful to the broth medium. Swab specimens may be inserted
into the broth after the inoculation of plated media.

Incubate tubes for up to 7 days at 35 + 2°C in an aerobic atmo-
sphere with or without supplementation with carbon dioxide.

For the preparation of biphasic blood culture bottles, aseptically
add sterile Brucella Broth to a blood culture bottle containing
solidified sterile Brucella Agar, with increased agar at a final
concentration of 2.5%. The bottles should contain 5-10% CO,
and be vented. Blood cultures should be incubated at 35°C for
up to 30 days with subcultures prepared every 4 to 5 days.?

Expected Results
Agar (without or with added blood)

After incubation, most plates will show an area of confluent
growth. Because the streaking procedure is, in effect, a
“dilution” technique, diminishing numbers of microorganisms
are deposited on the streaked areas. Consequently, one or more
of these areas should exhibit isolated colonies of the organ-
isms contained in the specimen. Further, growth of each
organism may be semi-quantitatively scored on the basis of
growth in each of the streaked areas.

Broth

Growth in the tubes is indicated by the presence of turbidity
compared with an uninoculated control.

If growth appears, cultures should be examined by Gram
stain and subcultured onto appropriate media; e.g., Trypticase™
Soy Agar with 5% Sheep Blood and/or Brucella Agar and
Chocolate 1T Agar, Eosin Methylene Blue Agar, Levine or
MacConkey II Agar.

References

1. MacFaddin. 1985. Media for isolation-cultivation-identification-maintenance of medical bacteria, vol.
1. Williams & Wilkins, Baltimore, Md.

2. Moyer, Holcomb and Hausler. 1991. In Balows, Hausler, Herrmann, Isenberg, and Shadomy (ed.),
Manual of clinical microbiology, Sth ed. American Society for Microbiology, Washington, D.C.

3. Chapin and Murray. 1999. In Murray, Baron, Pfaller, Tenover and Yolken (ed.). Manual of clinical
microbiology, 7th ed. American Society for Microbiology, Washington, D.C.

4. Krumweide and Kuttner. 1938. J. Exp. Med. 67:429.

5. Veraand Power. 1980. In Lennette, Balows, Hausler and Truant (ed.), Manual of clinical microbiology,
3rd ed. American Society for Microbiology, Washington, D.C.

6. Vera. 1971. Health Lab. Sci. 8:176.

7. U.S. Public Health Service, Centers for Disease Control and Prevention, and National Institutes of
Health. 2007. Biosafety in microbiological and biomedical laboratories, Sth ed. HHS Publication No.
(CDC) 93-8395. U.S. Government Printing Office, Washington, D.C.

Availability
BBL™ Brucella Agar
150 J USDA |

Cat. No. 211086
221547

Dehydrated — 500 g

Prepared Plates with 5% Horse Blood —
Pkg. of 20*

Prepared Plates with 5% Horse Blood —
Ctn. of 100*

BBL™ Brucella Broth

150 J USDA |
Cat. No. 211088 Dehydrated — 500 g
296185  Prepared Tubes (K Tubes), 5 mL —
Ctn. of 100

221548

*Store at 2-8°C.
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Brucella Media for Anaerobes

Brucella Agar with 5% Sheep Blood, Hemin and
Vitamin K, ¢ Brucella Laked Sheep Blood Agar with
Kanamycin and Vancomycin (KV)

Intended Use

Brucella Agar with 5% Sheep Blood, Hemin and Vitamin K, is
used for the isolation and cultivation of fastidious, obligately
anaerobic microorganisms.

Brucella Laked Sheep Blood Agar with Kanamycin and Van-
comycin (KV) is used for the selective isolation of fastidious
and slow growing, obligately anaerobic bacteria from the same
specimen.

Summary and Explanation

The isolation of obligately anaerobic bacteria from clinical and
nonclinical materials requires the use of selective, nonselective
and enrichment media.! Brucella Agar with 5% Sheep Blood,
Hemin and Vitamin K, is an enriched, nonselective medium
for the isolation and cultivation of a wide variety of obligately
anaerobic microorganisms. Nonselective media are used to
isolate organisms present in low numbers and to provide an
indication of the numbers and types of organisms present in
the specimen or sample.

Kanamycin and vancomycin are included in Brucella Laked
Blood KV Agar for use in selective isolation of gram-negative
anaerobes, especially Bacteroides. The combination of kana-
mycin and vancomycin for this purpose was first described
by Finegold et al.> Vancomycin, however, may inhibit Porphy-
romonas asaccharolytica.?

Principles of the Procedure

Brucella Agar supports the growth of fastidious microorganisms
due to its content of peptones, dextrose and yeast extract. The
sheep blood, hemin and vitamin K,, provide essential nutrients
for certain obligate anaerobes.*

The addition of the antimicrobial agents, kanamycin and
vancomyein, renders Brucella Laked Blood KV Agar selective
for gram-negative microorganisms. The kanamycin inhibits
protein synthesis in susceptible organisms, whereas the
vancomycin inhibits gram-positive bacteria by interfering with
cell wall synthesis.” The laked blood improves pigmentation
of the Prevotella melaniogenica - P. asaccharolytica group.

Procedure

These media should be reduced immediately prior to inocula-
tion by placing under anaerobic conditions for 18-24 hours.?
An efficient and easy way to obtain suitable anaerobic conditions
is through the use of BD GasPak™ EZ anaerobic systems or an
alternative system.’

Streak the specimen as soon as possible after it is received
in the laboratory. Minimize exposure to air. With liquid
specimens, media should be inoculated with one drop of the
specimen. Tissue specimens should be minced and then ground
in sterile broth such as BBL Enriched Thioglycollate Medium
before inoculation. Inoculation is then performed as for liquid
specimens. Swab specimens may be rolled onto the first
quadrant of plated media and then used to inoculate liquid
media. Alternately, the swab may be “scrubbed” in a small
volume of reduced broth and the broth used to inoculate
media as performed with liquid specimens.

An enrichment broth such as BBL Enriched Thioglycollate
Medium should be inoculated at the same time as the primary
isolation plates.

Incubate immediately under anaerobic conditions or place in a
holding jar flushed with oxygen-free gas(es) until sufficient plates
are accumulated (but no longer than 3 hours).* Incubation should
be at 35 + 2°C for at least 48 hours and up to 7 days. Regardless
of anaerobic system used, it is important to include an indicator
of anaerobiosis such as a GasPak anaerobic indicator.

Expected Results

Examine colonies using a dissecting microscope and with a
long-wave UV lamp to detect fluorescence. Colonies of the
pigmenting Bacteroides group should fluoresce orange to brick-
red under long-wave UV light. Fluorescence is visible before
pigmentation.

In order to determine the relationship to oxygen of each colony
type present on anaerobic solid media, follow established
procedures.” Those colony types that prove to contain
obligate anaerobes can be further studied using appropri-
ate identification methods. Consult appropriate texts for
additional information.'*"!

References
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. Gibbons and MacDonald. 1960. J. Bacteriol. 80:164.
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Availability
BBL™ Brucella Agar with 5% Sheep Blood,
Hemin and Vitamin K,

[ BS12

United States and Canada

Cat. No. 297848 Prepared Plates — Pkg. of 20*
297716  Prepared Plates — Ctn. of 100*

Europe

Cat. No. 255509 Prepared Plates — Ctn. of 20*

BBL™ Brucella Laked Sheep Blood Agar
with Kanamycin and Vancomycin

[ BS12
Cat. No. 297840

BBL™ Brucella 5% Sheep Blood Agar with Hemin
and Vitamin K,//Brucella Laked Sheep Blood Agar
with Kanamycin and Vancomycin

Cat. No. 297849 Prepared I Plate™ Dishes — Pkg. of 20*
*Store at 2-8°C.

Prepared Plates — Pkg. of 20*

Brucella Broth with 20% Glycerol

Intended Use
This medium is used in the long-term frozen maintenance of
bacterial stock cultures.

Summary and Explanation

Brucella Broth is a nutritious medium that, when supplemented
with glycerol, may be used as a maintenance medium for the
preservation of bacterial cultures.'?

Principles of the Procedure
Enzymatic digest of protein substrates act as protective colloids.

Glycerol is a cryoprotective agent that provides intracellular and
extracellular protection against freezing.

Procedure

Using a sterile swab or inoculating loop, remove fresh growth
from the plated or slanted medium and suspend in the broth
maintenance medium to achieve the desired concentration
of viable cells. Freeze suspension immediately at —20°C or
below. Consult texts for detailed information about preparing
stock cultures of specific organisms.**

Expected Results

Bacterial stock cultures frozen and stored at —20°C or below
will remain viable for several months, and some may remain
viable for years.

Limitations of the Procedure
The appropriate procedure, storage temperature, length of
storage, etc., may vary for specific organisms.

References

1. MacFaddin. 1985. Media for isolation-cultivation-maintenance of medical bacteria, vol. 1.
Williams & Wilkins, Baltimore, Md.

2. Gherna. 1994. In Gerhardt, Murray, Wood and Krieg (ed.), Methods for general and molecular bacteriol-
ogy. American Society for Microbiology, Washington, D.C.

3. Norris and Ribbons (ed.). 1970. Methods in microbiology, vol. 3A. Academic Press, Inc.,
New York, N.Y.

4. Kirsop and Snell (ed.). 1984. Maintenance of microorganisms. Academic Press, Inc., New York, N.Y.

Availability
BBL™ Brucella Broth with 20% Glycerol
Cat.No. 297466 Prepared Tubes — Pkg. of 10

Buffered Listeria Enrichment Broth Base

(See Listeria Enrichment Broth)

Buffered Peptone Water

Buffered Peptone Casein Water

Intended Use

Buffered Peptone Water and Buffered Peptone Casein Water
are used for preenriching injured Salmonella species from food
specimens to increase recovery.

Summary and Explanation

Edel and Kampelmacher' noted that food preservation tech-
niques involving heat, desiccation, preservatives, high osmotic
pressure or pH changes cause sublethal injury to salmonellae.
Preenrichment in a nonselective medium allows for repair of cell
damage and facilitates the recovery of salmonellae. Lactose Broth

is frequently used for this purpose but it may be detrimental to
recovering salmonellae.* Buffered Peptone Water maintains a
high pH over the preenrichment period and results in repair of
injured cells that may be sensitive to low pH.? This is particularly
important for vegetable specimens which have a low buffering
capacity. Buffered Peptone Water can be used for testing dry
poultry feed.* Test methods have been published for a variety
of food samples.*® Casein peptone in Buffered Peptone Casein
Water conforms with ISO 6579:2002.
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Buffered Peptone Water, cont.

NOTE: Differences in the Identity Specifications and Cultural Response testing for media offered as both Difco™ and BBL™ brands may reflect differences in the
development and testing of media for industrial and clinical applications, per the referenced publications.

Identity Specifications
Difco™ Buffered Peptone Water or Difco™ Buffered
Peptone Casein Water

Dehydrated Appearance:  Cream-white to light biege, free flowing, homo-
geneous, free of extraneous material.

Solution: 2.0% solution, soluble in purified water. Solution
is light amber, clear to slightly hazy.

Prepared Appearance: Light amber, clear.

Reaction of 2.0%

Solution at 25°C: pH 7.2 + 0.2 (Peptone Water)

pH 7.0 + 0.2 (Casein Water)

Cultural Response

Difco™ Buffered Peptone Water or Difco™ Buffered
Peptone Casein Water

Prepare the medium per label directions. Inoculate and incubate at

Identity Specifications

BBL™ Buffered Peptone Water

Dehydrated Appearance:  Cream-white to light tan, free flowing, homo-
geneous, free of extraneous material.

2.0% solution, soluble in purified water. Solution
is light yellow to tan or amber, clear to slightly

Solution:

hazy.

Prepared Appearance: Light yellow to tan or amber, clear to slightly
hazy.

Reaction of 2.0%

Solution at 25°C: pH7.2+0.2

Cultural Response

BBL™ Buffered Peptone Water
Prepare the medium per label directions. Inoculate and incubate at
35 + 2°C for 18-24 hours.

35 + 2°C for 18-24 hours.

ORGANISM ATCC"  INOCULUM CFU RECOVERY

INOCULUM  RECOVERY RECOVERY
ORGANISM ATCC" CFU  PEPTONE WATER CASEIN WATER Escherichia coli 25922 10-10° Good
Salmonella enterica Salmonella enterica
subsp. enterica subsp. enterica
serotype Enteritidis 13076 10-100 Good Good serotype Enteritidis 13076 10-10° Good
Salmonella enterica Salmonella enterica
subsp. enterica subsp. enterica
serotype Typhimurium 14028  10-100 Good Good serotype Typhimurium 14028 10-10° Good
Salmonella enterica Salmonella enterica
subsp. enterica subsp. enterica
serotype Typhi 19430  10-100 Good Good serotype Typhi 19430 10-10° Good
Salmonella panama
ALM 41 10-100 N/A Good

2. Autoclave at 121°C for 15 minutes.
3. Test samples of the finished product for performance using
stable, typical control cultures.

Principles of the Procedure
These preenrichment media contain peptone as a source of carbon,
nitrogen, vitamins and minerals. Sodium chloride maintains the

osmotic balance. Phosphates buffer the media. Procedure

Refer to appropriate references for details on test methods using
these media.*” Inoculate tubes with the test sample. Incubate
tubes at 35 + 2°C for 18-24 hours in an aerobic atmosphere, or
as instructed in the appropriate reference.”’

Formulae
Difco™ or BBL™ Buffered Peptone Water
Approximate Formula* Per Liter

PEPLONE .o g
Sodium Chloride . g
Disodium Phosphate .........c.cccooeiiviiiiiicice 35 g Expected Results
Monopotassium Phosphate...........cccooiiiiiiiiiiiis 1.5 C . .
) P P ) g Growth is indicated by turbidity.
Difco™ Buffered Peptone Casein Water
1 * 1 - - -
Approximate Formula* Per Liter Limitation of the Procedure
Enzymatic Digest of Casein .......c.cocooviiiiiiiiiien 100 g . .
Sodium Chloride .......oooovoiiii e 50 g The types and numbers of competing flora in the test sample can
Disodium Hydrogen Phosphate (anhydrous)" ............... 35 g affect recovery and may overgrow salmonellae.
Potassium Dihydrogen Phosphate...........ccccccocoiiinns 15 g
1 Anhydrous Disodium Hydrogen Phosphate (3.5 g) is equivalent to 9.0 g of Disodium Phosphate
Dodecahydrate. Refe rences
*Adjusted and/or supplemented as required to meet performance criteria. 1. Edel and Kampelmacher. 1973. Bull. W.H.O. 48:167.
2. Angelotti. 1963. Microbiological quality of foods. Academic Press, New York, N.Y.
. . . 3. Sadovski. 1977. J. Food Technol. 12:85.
Dl rectlons for Pre pa ratlon from 4. Juven, Cox, Bailey, Thomson, Charles and Schutze. 1984. J. Food Prot. 47:299.
5. Andrews, Flowers, Silliker and Bailey. 2001. In Downes and Ito (ed.), Compendium of methods for the

microbiological examination of foods, 4th ed. American Public Health Association, Washington, D.C.
6. Rose. 2001. Isolation and identification of Salmonella from meat, poultry and egg products. In

Dehydrated Product
1. DiSSOlVe the powder mlL Of puriﬁed water: Microbiology laboratory guidebook, 3rd ed., Food Safety and Inspection Service, U.S. Department
. ™ ™ of Agriculture, Washington, D.C.
leCO or BBL BUffered Peptone Water - 20 25 7. International Organization for Standards (ISO). Microbiology of food and animal feeding stuffs
DifCOm Buffered Peptone Casein Water — 20 g. - horizontal method for the detection of Salmonella spp., 4th ed., ISO 6579:2002.

Mix thoroughly.
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Availability

Difco™ Buffered Peptone Water

| BAM | 150 J USDA |

Cat. No. 218105 Dehydrated —500 g

218103 Dehydrated — 2 kg
218104 Dehydrated — 10 kg

BBL™ Buffered Peptone Water

| BAM | 150 J USDA |
Cat. No. 212367 Dehydrated — 500 g

212345 Dehydrated - 5 Ib (2.3 kg)
Difco™ Buffered Peptone Casein Water
150 |
Cat. No. 214939 Dehydrated - 500 g

214938 Dehydrated — 10 kg

Buffered Sodium Chloride-Peptone Solution pH 7.0

Intended Use
Buffered Sodium Chloride-Peptone Solution pH 7.0 is used for
dissolving, suspending and diluting test samples.

Meets United States Pharmacopeia (USP), European Pharma-
copoeia (EP) and Japanese Pharmacopoeia (JP)*? performance
specifications, where applicable.

Summary and Explanation

Buffered Sodium Chloride-Peptone Solution pH 7.0 is used to
make suspensions of organisms for testing growth promoting
and inhibitory properties of media when examining non-sterile
pharmaceutical products for specified microorganisms.' This
fluid provides osmotic stability, a stable pH value and maintains
the viability of microorganisms during preparation of samples.
Surface-active ingredients or inactivators of antimicrobial agents

User Quality Control

Identity Specifications

Buffered Sodium Chloride-Peptone Solution pH 7.0
(prepared)

Colorless, clear.

pH7.0£0.2

Appearance:
Reaction at 25°C:

Survival Test

Buffered Sodium Chloride-Peptone Solution pH 7.0
(prepared)

Perform a 2-hour survival test. Grow test strains overnight in TSB and
inoculate cultures into test solution. At time zero (directly after inocula-
tion) and after 2 hours incubation at room temperature, subculture to
Tryptic/Trypticase™ Soy Agar and incubate at 30-35°C for 18-24 hours
(subculture (*) cultures to Sabouraud Dextrose Agar and incubate at
20-25°C for 2-3 days). Determine colony counts at time zero and after
2 hours.

ORGANISM ATCC* INOCULUM CFU  RECOVERY AT 2 HOURS
Aspergillus

brasiliensis (niger)* 16404 10%-10° > 100% of time zero counts
Bacillus subtilis 6633 10-10° > 100% of time zero counts
Candida albicans* 10231 10>-10° > 100% of time zero counts
Escherichia coli 8739 10-10° > 100% of time zero counts
Pseudomonas

aeruginosa 9027 10-10°  >100% of time zero counts
Salmonella

Abony DSM 4224 10-10°  >100% of time zero counts
Staphylococcus

aureus 6538 10-10° > 100% of time zero counts

such as (but not limited to) polysorbate 80 may be added to
Buffered Sodium Chloride-Peptone Solution pH 7.0.

Principles of the Procedure

Phosphates are the buffering agents in the solution. Sodium
chloride provides osmotic stability. A low peptone content
provides basic nutrients such as amino acids to maintain organ-
ism viability.

Formula
Buffered Sodium Chloride-Peptone Solution pH 7.0
Approximate Formula* Per Liter

Proteose Peptone NO.3... ... 1.0 g
Potassium Dihydrogen Phosphate.............cccccoceoens 36 g
Disodium Hydrogen Phosphate (Dihydrate).................. 72 g
Sodium Chloride ........cooooiiiiiiii 43 g

*Adjusted and/or supplemented as required to meet performance criteria.

Procedure
Refer to the USP for details on sample collection and preparation
for testing of nonsterile products.!

For details on test methods for the examination of nonsterile
pharmaceutical products using Buffered Sodium Chloride-
Peptone Solution pH 7.0, refer to USP General Chapter <62>.

Limitation of the Procedure

Buffered Sodium Chloride-Peptone Solution pH 7.0 is not a
culture medium. The minimal nutrient content does not allow
significant growth of more fastidious microorganisms. Instead,
transfer aliquots of the processed solutions or the inoculated
filter membranes to suitable culture media.

References

1. United States Pharmacopeial Convention, Inc. 2008. The United States pharmacopeia 31/The national
formulary 26, Supp. 1, 8-1-08, online. United States Pharmacopeial Convention, Inc., Rockville,
Md.

2. European Directorate for the Quality of Medicines and Healthcare. 2008. The European pharma-
copoeia, 6th ed., Supp. 1, 4-1-2008, online. European Directorate for the Quality of Medicines
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Availability
BD™ Buffered Sodium Chloride-Peptone Solution pH 7.0
| cCAM JEP JUPJUSP |

CatNo. 257086 Prepared Bottles, 100 mL (stopper with ring) —
Ctn. of 25!

Prepared Bottles, 500 mL (stopper with ring) —
Pkg. of 10*

1QC testing performed according to USP/EP/JP performance specifications.
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Bushnell-Haas Broth

Bushnell-Haas Broth

Intended Use
Bushnell-Haas Broth is used for studying microbial utilization
of hydrocarbons.

Summary and Explanation

Bushnell-Haas Broth (Bushnell-Haas marine salts broth),
prepared according to the formula described by Bushnell
and Haas', is used to evaluate the ability of microorganisms
to decompose hydrocarbons. It is formulated without a carbon
source which allows for the addition of alternative hydrocarbons
such as kerosene, light and heavy mineral oils, paraffin wax
and gasoline.

Bushnell-Haas Broth was recommended for the microbiological
examination of fuels by the Society for Industrial Microbiol-
ogy (SIM) Committee on Microbiological Deterioration of
Fuels.> The medium was used to enumerate total heterotrophs
and hydrocarbon degradation by microorganisms during
bioremediation of Prince William Sound following the Exxon
Valdez oil spill.>*

Principles of the Procedure
Magnesium sulfate, calcium chloride and ferric chloride
provide trace elements necessary for bacterial growth.

User Quality Control

Identity Specifications
Difco™ Bushnell-Haas Broth

Dehydrated Appearance:  Beige with pink tint, free-flowing, homogeneous
(may contain small dark particles).

Solution: 0.327% solution, partially soluble in purified
water, white precipitate remains. Solution, after
autoclaving, is colorless to very light amber,
clear supernatant over yellow-orange precipi-

tate.

Prepared Appearance: Colorless to very light amber, clear supernatant
over yellow-orange precipitate.
Reaction of 0.327%

Solution at 25°C: pH7.0+0.2

Cultural Response

Difco™ Bushnell-Haas Broth

Prepare the medium per label directions. Inoculate in duplicate with
the test organisms. Add sterile mineral oil (the hydrocarbon source) to one
set. Incubate at 25-30°C for up to 1 week.

RECOVERY RECOVERY

INOCULUM WITHOUT WITH
ORGANISM ATCC" CFU HYDROCARBON HYDROCARBON
Pseudomonas
aeruginosa 9027 10%-10°  None to poor Good
Pseudomonas
aeruginosa 10145 10%-10°  None to poor Good
Pseudomonas
aeruginosa 14207 10-10° None to poor Good
Pseudomonas
aeruginosa 27853 10>-10°  None to poor Good

Potassium nitrate is a nitrogen source, while monopotassium
phosphate and diammonium hydrogen phosphate provide
buffering capability.

Formula
Difco™ Bushnell-Haas Broth
Approximate Formula* Per Liter

Magnesium Sulfate ..........ccocoovviiiiiiii e 02 g
Calcium Chloride ........ccoooiiiiiiiiii 0.02 g
Monopotassium Phosphate..............cccooeveiiiiicenee 1.0 g
Diammonium Hydrogen Phosphate.............cccccoevenn. 1.0 g
Potassium Nitrate .........coovoiiiiiiiii e 1.0 g
Ferric Chloride........oooiviiiiicccc e 0.05 g

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 3.27 g of the powder in 1 L of purified water.
Mix thoroughly.

2. Heat with frequent agitation and boil for 1 minute to com-

pletely dissolve the powder.

Autoclave at 121°C for 15 minutes.

4. Test samples of the finished product for performance using
stable, typical control cultures.

W

NOTE: A precipitate, white prior to autoclaving becoming
yellow to orange after autoclaving, is normal.

Procedure

1. Inoculate the collected sample directly into the broth.
2. Overlay the broth with a sterile hydrocarbon source.
3. Incubate aerobically at 25-30°C.

4. Examine tubes daily for growth for up to one week.

Expected Results

Organisms capable of degrading hydrocarbons should show
growth in the Bushnell-Haas Broth supplemented with a
hydrocarbon source.

References

1. Bushnell and Haas. 1941. J. Bacteriol. 41:653.

2. Allred, DeGray, Edwards, Hedrick, Klemme, Rogers, Wulf and Hodge. 1963. Proposed procedures
for microbiological examination of fuels. SIM Special Publications, No. 1. Merck, Sharp & Dohme
Research Laboratories, Rahway, N.]J.

3. Bragg, Roffall and McMillen. 1990. Column flow studies of bioremediation in Prince William Sound.
Exxon Production Research Co., Houston, Tex.

4. Brown and Braddock. 1990. Appl. Environ. Microbiol. 56:3895.

Availability
Difco™ Bushnell-Haas Broth
Cat. No. 257820 Dehydrated - 500 g
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CDC Anaerobe 5% SB Agar

CDC Anaerobe 5% Sheep Blood Agar

CDC Anaerobe 5% Sheep Blood Agar with
Kanamycin and Vancomycin (KV) ¢ CDC Anaerobe 5%
Sheep Blood Agar with Phenylethyl Alcohol (PEA)
CDC Anaerobe Laked Sheep Blood Agar with
Kanamycin and Vancomycin (KV)

Intended Use

CDC Anaerobe 5% Sheep Blood Agar is used for the isolation
and cultivation of fastidious and slow growing, obligately
anaerobic bacteria from a variety of clinical and nonclini-
cal materials. It also supports good growth of most aerobic,
facultatively anaerobic and microaerophilic bacteria if
incubated appropriately.

CDC Anaerobe 5% Sheep Blood Agar with Kanamycin and
Vancomycin (KV), CDC Anaerobe 5% Sheep Blood Agar with
Phenylethyl Alcohol (PEA) and CDC Anaerobe Laked Sheep
Blood Agar with Kanamycin and Vancomycin (KV) are used for
the selective isolation of fastidious and slow-growing, obligately
anaerobic bacteria from a variety of clinical and nonclinical
materials.

Summary and Explanation

The isolation of obligately anaerobic bacteria from clinical and
nonclinical materials requires the use of selective, nonselective
and enrichment media.' The choice of media to be employed
is based upon the type of material and the results of direct
microscopic observation. Nonselective media are used to
isolate organisms present in low numbers and to provide an
indication of the numbers and types of organisms present
in the specimen or sample. Selective media are employed to
facilitate recovery of the desired organisms present in mixed
populations.

CDC Anaerobe 5% Sheep Blood Agar was formulated by
Dowell et. al. of the Center for Disease Control (currently
named the Centers for Disease Control and Prevention
CDC) as an enriched, nonselective medium for the isola-
tion and cultivation of a wide variety of obligately anaerobic
microorganisms, particularly those found in clinical materials.>’
The medium employs BBL™ Trypticase™ Soy Agar supple-
mented with additional agar, yeast extract, vitamin K , hemin,
cystine and 5% sheep blood. Improved growth of Prevotella
melaninogenica, Fusobacterium necrophorum, Clostridium
haemolyticum, as well as certain strains of Actinomyces israelii
and Bacteroides thetaiotaomicron, has been demonstrated
on this medium.? Furthermore, less smooth to rough colonial
variation has been reported on this medium than on Schaedler
Blood Agar.*

CDC Anaerobe 5% Sheep Blood Agar with Kanamycin and
Vancomycin was formulated as an enriched, selective medium
for the isolation of obligately anaerobic, gram-negative bacilli
from clinical materials.> The medium employs Trypticase
Soy Agar supplemented with additional agar, yeast extract,
vitamin K|, hemin, cystine, 5% sheep blood, kanamycin and
vancomycin. The combination of kanamycin and vancomycin
for use in selective isolation of gram-negative anaerobes was
first described by Finegold et. al.” Vancomycin, however, may
inhibit Porphyromonas asaccharolytica.b

CDC Anaerobe 5% Sheep Blood Agar with Phenylethyl
Alcohol was formulated as an enriched selective medium for
the isolation and cultivation of obligately anaerobic bacteria
from clinical materials containing rapidly growing, facultatively
anaerobic bacteria such as Proteus and other members of the
family Enterobacteriaceae.” The medium employs Trypticase Soy
Agar supplemented with additional agar, yeast extract, vitamin
K, hemin, cystine, 5% sheep blood and phenylethyl alcohol.

CDC Anaerobe Laked Blood Agar with Kanamycin and
Vancomycin was formulated as an enriched, selective medium
for the isolation and cultivation of Prevotella melaninogenica,
Fusobacterium necrophorum, Fusobacterium nucleatum and
other fastidious, obligately anaerobic, gram-negative bacilli,
from clinical materials containing mixed populations.'* The
medium employs Trypticase Soy Agar supplemented with
additional agar, yeast extract, vitamin K, hemin, cystine, 5%
sheep blood, kanamycin and vancomycin. The combination
of kanamycin and vancomycin for use in selective isolation
of gram-negative anaerobes was first described by Finegold
et. al.” Vancomycin, however, may inhibit Porphyromonas
asaccharolytica.® This medium is similar to CDC Anaerobe
5% Sheep Blood Agar and Kanamycin and Vancomycin
except that the blood has been laked, by subjecting it to
three freeze-thaw cycles, for improved pigmentation of the
P. melaninogenica-P. asaccharolytica group.’

Principles of the Procedure

CDC Anaerobe 5% Sheep Blood Agar is a highly nutritious
medium due to its content of peptones, yeast extract, hemin,
vitamin K, and sheep blood. The peptones provide nitrogenous
growth factors, carbon, sulfur and trace ingredients. Yeast
extract is an important source of B vitamins. Sodium chloride



CDC Anaerobe 5% Sheep Blood Agar

ATCC™ 13124

Clostridium perfringens

Bacteroides fragilis
ATCC™ 25285

CDC Anaerobe 5% Sheep Blood Agar

Peptostreptococcus
anaerobius
ATCC™ 27337

with Phenylethyl Alcohol (PEA)

CDC Anaerobe 5% SB Agar, cont.

CDC Anaerobe Agar with Laked Sheep Blood and KV

Porphyromonas levii Bacteroides fragilis
ATCC™ 29147 ATCC™ 25285

maintains osmotic equilibrium. Sheep blood constituents, hemin,
cystine and vitamin K, provide growth factors required by certain
obligate anaerobes.>*1%1!

The addition of the antimicrobial agents, kanamycin and
vancomycin, renders the medium selective for gram-negative
microorganisms. The kanamycin inhibits protein synthesis
in susceptible organisms, whereas the vancomycin inhibits
gram-positive bacteria by interfering with cell wall synthesis.!?

Selectivity is achieved through the addition of phenylethyl
alcohol which reduces the growth of facultatively anaerobic,
gram-negative bacteria without inhibiting growth of obligately
anaerobic bacteria."?

The addition of laked sheep blood to CDC Anaerobe Agar
improves pigmentation of the Prevotella, Porphyromonas, and
pigmented Bacteroides species.'

Divided Petri dishes containing CDC Anaerobe 5% Sheep Blood
Agar in each half enable two specimens to be streaked on one
plate. Combinations of selective media are also provided in

divided dishes.

Procedure

Streak the specimen as soon as possible after it is received in the
laboratory. Minimize exposure to air. With liquid specimens,
media should be inoculated with one drop of the specimen.
Tissue specimens should be minced and then ground in sterile
broth, such as BBL Enriched Thioglycollate Medium, before
inoculation. Inoculation is then performed as for liquid speci-
mens. Swab specimens may be rolled onto the first quadrant
of plated media and then used to inoculate liquid media.
Alternatively, the swab may be “scrubbed” in a small volume




Section Il

CDC Anaerobe 5% SB Agar, cont.

of reduced broth and the broth used to inoculate media as
performed with liquid specimens.

These media should be reduced immediately prior to inoculation
by placing under anaerobic conditions for 18-24 hours.> An
efficient and easy way to obtain suitable anaerobic conditions
is through the use of BD GasPak™ EZ anaerobic systems or an
alternative anaerobic system. '

Plated media should be inoculated using the streak plate method
in order to obtain pure cultures from specimens containing
mixed flora.

An enrichment broth, such as BBL Enriched Thioglycollate
Medium, should be inoculated at the same time as the primary
isolation plates.

Incubate immediately under anaerobic conditions or place in a
holding jar flushed with oxygen free gas(es) until sufficient plates
are accumulated (but no longer than 3 hours)."* Incubation
should be at 35 = 2°C for at least 48 hours and up to 7 days.

Expected Results

Examine colonies using a dissecting microscope and a long-
wave UV lamp (colonies of the pigmenting Porphyromonas-
Prevotella species should fluoresce orange to brick-red under UV
light). Fluorescence is visible before pigmentation.

In order to determine the relationship to oxygen of each colony
type present on anaerobic solid media, inoculate the following
media:"

1. One anaerobe blood agar plate to be incubated anaerobi-
cally.

2. One aerobic blood agar (or chocolate agar) plate to be
incubated in an aerobic atmosphere enriched with carbon
dioxide. The chocolate agar is particularly needed to
distinguish nutritionally-fastidious Haemophilus species
and other bacteria which will grow on anaerobe blood
agar incubated anaerobically and on chocolate agar under
increased carbon dioxide tension but which fail to grow on
blood agar in the presence of carbon dioxide or in the air.

3. One aerobic blood agar plate to be incubated aerobically
without added carbon dioxide.

4. Tubes of Enriched Thioglycollate Medium and/or Cooked
Meat Medium and a tube of Peptone Yeast Extract Glucose
Broth.

Incubate all cultures at 35 = 2°C for a minimum of 24 hours
and up to 7 days.

Record the relationship to oxygen as either obligate anaerobe
or nonanaerobe (aerotolerant anaerobe, microaerophilic, or
facultative anaerobe).”

Colonies of the type(s) which proved to be obligate anaerobes
can be further studied using the corresponding broth cultures.

Organisms failing to grow on the aerobic subculture plates may
be presumed to be obligately anaerobic in terms of their oxygen
requirements.
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Availability
BBL™ CDC Anaerobe 5% Sheep Blood Agar

[ BS12|

United States and Canada

Cat. No. 221733 Prepared Plates — Pkg. of 20*
221734  Prepared Plates — Ctn. of 100*

Europe
Cat. No.

Japan
Cat. No.

256506  Prepared Plates — Pkg. of 20*

251733  Prepared Plates — Pkg. of 20*
251584  Prepared Plates (150 x 15 mm-style) — Pkg. of 24*

BBL™ CDC Anaerobe 5% Sheep Blood Agar with
Kanamycin and Vancomycin (KV)

Cat. No. 221735 Prepared Plates — Pkg. of 20*

221736  Prepared Plates — Ctn. of 100*
BBL™ CDC Anaerobe 5% Sheep Blood Agar with
Phenylethyl Alcohol (PEA)
[ BS12|
Cat. No. 221739 Prepared Plates — Pkg. of 20*

BBL™ CDC Anaerobe Agar with Laked Sheep Blood
and KV

Cat. No. 221846 Prepared Plates — Pkg. of 20*

BBL™ CDC Anaerobe 5% Sheep Blood Agar//
CDC Anaerobe 5% Sheep Blood Agar with PEA

Cat.No. 297646 Prepared Bi-Plate Dishes — Pkg. of 20*

BBL™ CDC Anaerobe 5% Sheep Blood Agar with KV//
CDC Anaerobe 5% Sheep Blood Agar with PEA

Cat.No. 297004  Prepared Bi-Plate Dishes — Pkg. of 20*

BBL™ CDC Anaerobe 5% Sheep Blood Agar with PEA//
Anaerobe Laked Sheep Blood Agar with KV

Cat.No. 299611 Prepared I Plate™ Dishes — Pkg. of 20*
*Store at 2-8°C.



CIN Agar

CIN Agar

Yersinia Selective Agar Base
Yersinia Antimicrobic Supplement CN

Intended Use

CIN (cefsulodin-Trgasan™*-novobiocin) Agar supplemented with
cefsulodin and novobiocin is a differential and selective medium
used in qualitative procedures for the isolation of Yersinia entero-
colitica from a variety of clinical and nonclinical specimens.

*Irgasan is a trademark of Ciba-Geigy.

Summary and Explanation

CIN Agar, also known as Yersinia Selective Agar, was first
described by Schiemann as an alternative to MacConkey
Agar and other commonly used media for isolation of
Y. enterocolitica, a causative agent of gastroenteritis.! CIN Agar
has been found to be far superior to MacConkey, SS, CAL or Y
agars for the recovery of Y. enterocolitica.?

Principles of the Procedure

Fermentation of mannitol in the presence of neutral red results
in a characteristic “bull’s-eye” colony, colorless with red center.
Selective inhibition of gram-negative and gram-positive organ-
isms is obtained by means of crystal violet, sodium desoxycholate
and Irgasan (triclosan). Supplementation with Yersinia Antimi-
crobic Supplement CN (cefsulodin and novobiocin) improves

User Quality Control

Identity Specifications

Difco™ Yersinia Selective Agar Base

Dehydrated Appearance:  Light beige to light pinkish beige, free-flowing,
homogeneous.

Solution: 5.95% solution, soluble in purified water upon
boiling. Solution is reddish-purple, very slightly
to slightly opalescent.

Prepared Appearance: Reddish-orange, very slightly to slightly opales-
cent.

Reaction of 5.95%

Solution at 25°C: pH7.4+0.2

Difco™ Yersinia Antimicrobic Supplement CN
Dehydrated Appearance:  Lyophilized, white, homogeneous cake.

Solution: Soluble on rehydration with 10 mL purified water.
Solution is colorless, clear.

Cultural Response
Difco™ Yersinia Selective Agar Base

Prepare the medium per label directions. Inoculate and incubate at 30 + 2°C
for 18-48 hours.

inhibition of normal enteric organisms. Organisms that do not
metabolize mannitol to acid end products will form colorless,
translucent colonies.

Formulae
Difco™ Yersinia Selective Agar Base
Approximate Formula* Per Liter

PEPLONE .o 17.0
Proteose Peptone...........coooiiiiiiiiii 3.0
Yeast EXTraCt ...vvoevieiiiccc e 2.0
Mannitol................

Sodium Pyruvate ....
Sodium Chloride .........ccooiiiiiinn
Magnesium Sulfate Heptahydrate ....
Sodium Desoxycholate
Sodium Cholate
Irgasan™
Agar ...cooceeeiin

Crystal Violet......

Neutral Red.......cccoiiiiiiiii i

Difco™ Yersinia Antimicrobic Supplement CN
Formula Per 10 mL Vial
Cefsulodin ... 4.0 mg
NOVODIOCIN. ...t 2.5 mg
*Adjusted and/or supplemented as required to meet performance criteria.

Yersinia enterocolitica
ATCC™ 9610

ORGANISM ATCC"  INOCULUM CFU RECOVERY COLONY COLOR
Enterococcus faecalis 29212 10° Inhibition -
Escherichia coli 25922 10° Inhibition -

Proteus mirabilis 12453 10° Inhibition -
Pseudomonas aeruginosa 27853 10° Inhibition -

Yersinia enterocolitica 9610 10? Good Colorless with dark pink

centers, may have bile precipitate
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CIN Agar, cont.

Directions for Preparation from
Dehydrated Product

Yersinia Antimicrobic Supplement CN

1. To rehydrate the supplement, aseptically add 10 mL of puri-
fied water to the vial.
2. Invert the vial several times to dissolve the powder.

Yersinia Selective Agar (CIN Agar)

1. Suspend 59.5 g of the powder in 1 L of purified water.
Mix thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Autoclave at 121°C for 15 minutes. Avoid overheating.

4. For the preparation of CIN Agar, cool to 45-50°C and
aseptically add 10 mL of rehydrated Yersinia Antimicrobic
Supplement CN. Mix well.

5. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure
Use standard procedures to obtain isolated colonies from
specimens. Incubate plates at 25°C for 24-48 hours.

If a cold enrichment procedure is desired, inoculate the speci-
men into phosphate buffered saline and hold at 4°C for up to
21 days.>* Periodically subculture onto plates of CIN Agar,
streaking for isolation. Incubate plates as stated above.

Expected Results

Typical Y. enterocolitica colonies will have deep-red centers
surrounded by a transparent border giving the appearance of
a “bull’s eye.”

Growth of non-Yersinia organisms is markedly to completely

inhibited.

CLED Agar

Intended Use
CLED Agar is used for the isolation, enumeration and presump-
tive identification of microorganisms from urine.

Summary and Explanation

In 1960, Sandys reported on the development of a new method of
preventing the swarming of Proteus on solid media by restrict-
ing the electrolytes in the culture medium.! Previous chemical
methods used to inhibit swarming by Proteus included the
addition of chloral hydrate, alcohol, sodium azide, surface-active
agents, boric acid and sulfonamides to the culture medium."

This electrolyte-deficient medium of Sandys was modified by
Mackey and Sandys® for use in urine culture by substituting
lactose and sucrose for the mannitol and increasing the
concentrations of the bromthymol blue indicator and of the
agar. These two investigators further modified the medium by
the incorporation of cystine in order to enhance the growth of

Limitation of the Procedure

Although certain strains of Yersinia can be recovered by direct
plating, others may require cold enrichment (4°C) in phosphate-
buffered saline.> However, cold enrichment may not be practical
because of the long incubation time and because it selects for
nonpathogenic Yersinia species.*

References
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3. Weissfeld and Sonnenwirth. 1982. J. Clin. Microbiol. 15:508.
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Availability

Difco™ Yersinia Selective Agar Base

| BAM | (150 | SMD |

Cat. No. 218172 Dehydrated — 500 g

Difco™ Yersinia Antimicrobic Supplement CN
| BAM | (150 J SMD |

Cat.No. 231961 Vial-6 x 10 mL*

BBL™ CIN Agar (Yersinia Selective Agar)
[ BAM J BS12 ] 15O | [ SMD |

United States and Canada

Cat. No. 221848 Prepared Plates — Pkg. of 10*
299579  Prepared Plates — Ctn. of 100*

Europe

Cat. No. 254056 Prepared Plates — Pkg. of 20*
254088  Prepared Plates — Ctn. of 120*

Japan

Cat. No. 251139  Prepared Plates — Pkg. of 20*

Mexico

Cat. No. 230550 Prepared Plates — Pkg. of 10*

*Store at 2-8°C.

cystine-dependent “dwarf colony” coliforms and by deletion
of sucrose.’ They designated the new medium as Cystine-
Lactose-Electrolyte-Deficient (CLED) medium and reported
it to be ideal for dip-inoculum techniques and for urinary
bacteriology in general.

CLED Agar is recommended for use in plates or in urine
dipsticks for detecting significant bacteriuria by quantita-
tive culture of urine. For reliable results, inoculation of the
medium must occur as soon after collection as possible.
Confluent or semiconfluent growth of bacteria will occur on
the surface of the dipstick medium when bacterial counts
are greater than 10° per mL of urine, as confirmed by plates
inoculated by the calibrated-loop or duplicate-dilution
pour-plate methods.* Once the medium has been inoculated
by immersion of the dipstick or by pouring the urine over the
surface of the medium if only a small volume is available, the
dipstick may be held 48 hours or longer, refrigerated or at room



User Quality Control

Identity Specifications
BBL™ CLED Agar
Dehydrated Appearance:  Fine, homogenous, free of extraneous material.

Solution: 3.6% solution, soluble in purified water upon
boiling. Solution is medium, yellow green to blue
green, clear to slightly hazy, with up to a large
amount of minute suspended insolubles.

Prepared Appearance: Medium, yellow green to blue green, clear to
slightly hazy.

Reaction of 3.6%

Solution at 25°C: pH7.3+0.2

Cultural Response

BBL™ CLED Agar

Prepare the medium per label directions. Inoculate and incubate at
35 + 2°C for 42-48 hours.

INOCULUM

ORGANISM ATCC" CFU RECOVERY  REACTION
Enterococcus faecalis 29212 10%-10% Good Yellow
Escherichia coli 25922 10%-10° Good Yellow
Klebsiella pneumoniae 33495 10%-104 Good With or

without green to

yellow reaction
Pseudomonas aeruginosa 10145 10%-10° Good  With or without
blue reaction

Staphylococcus aureus 25923 10%-10° Good Yellow
Proteus vulgaris 8427 10%-10* Good Blue

temperature until received in the laboratory. On receipt, the
dipstick should be incubated at 35 = 2°C for 18-24 hours, to
allow colonies to develop on the medium.

Principles of the Procedure

The nutrients in CLED Agar are supplied by peptones, pancreatic
digests of gelatin and casein, and beef extract. Lactose is included
to provide an energy source for organisms capable of utilizing it
by a fermentative mechanism. The cystine permits the growth
of “dwarf colony” coliforms. Bromthymol blue is used as a pH
indicator to differentiate lactose fermenters from lactose
nonfermenters. Organisms that ferment lactose will lower the
pH and change the color of the medium from green to yellow.
Electrolyte sources are reduced in order to restrict the swarming
of Proteus species.

Bacteriuria is determined by inoculating the surface of an agar
medium using 0.1 mL of a 10 dilution of the urine sample or
using a calibrated loop (0.001 mL) of the undiluted sample.’
Current guidelines are that for a single isolate a density of >10°
CFU/mL indicates infection, <10* CFU/mL indicates urethral
or vaginal contamination, and between 10* and 10° CFU/mL
needs to be evaluated based on clinical information.®

CLED Agar, cont.

Staphylococcus aureus

Proteus vulgaris
ATCC™ 25923

ATCC™ 8427

Enterococcus
faecalis

= Escherichia coli
ATCC™ 29212 :

ATCC™ 25922

Formula
BBL™ CLED Agar

Approximate Formula* Per Liter

Pancreatic Digest of Gelatin .............ccccooviiiiiii, 40 g
Pancreatic Digest of Casein ........ccccvviviiciiiecee 40 g
Beef EXTract......oooiii i 30 g
Lactose ............... . g
L-Cystine........c......
Bromthymol Blue ...
AGAE i

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 36 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Autoclave at 121°C for 15 minutes.

4. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure
Inoculate the medium as soon as possible after the specimen is
received in the laboratory. It is recommended that quantitative

methods be used for culturing urine specimens.’ Incubate at
35 = 2°C for 24-48 hours.
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CLED Agar, cont.

Expected Results

Count the number of colonies on the plate or dipstick. Multiply
by an appropriate number to convert the count to CFU per mL
of sample.

Contaminant bacteria usually appear in low numbers which vary
in colonial morphology. Urinary pathogens will usually yield
high counts having uniform colonial morphology and should
be subcultured directly to routine media for identification and
susceptibility testing.*’

Typical colonial morphology on CLED Agar is as follows:

Escherichia COli ... Yellow colonies, opaque, center
slightly deeper yellow

Klebsiella............cccc.cccocciii Yellow to whitish-blue
colonies, extremely mucoid

Proteus..........cccooeeeee Translucent blue colonies

Pseudomonas aeruginosa ... Green colonies with typical

matted surface and rough
periphery

ENterococai......ccovveevveiiiieiieaenn Small yellow colonies, about
0.5 mm in diameter

Staphylococcus aureus ................. Deep yellow colonies,
uniform in color

Staphylococci coagulase-negative ... Pale yellow colonies, more
opaque than E. faecalis

CTA Agar

Intended Use

CTA Agar is primarily used for carbohydrate fermentation
tests with corynebacteria and especially for differentiation of
C. diphtheriae from related species.

Summary and Explanation

CTA Medium™, a semi-solid formulation, was developed
by Vera and is widely used for fermentation and motility
determinations by a wide variety of microorganisms.! CTA
Agar is the solid form of CTA Medium and, when employed
as a plated medium and used in conjunction with BBL™ Taxo™
carbohydrate discs, is useful in the speciation of Corynebac-
terium isolates of medical importance.> Supplemented with
carbohydrates and prepared as slants, it is used for the differen-
tiation of Neisseria species.’

Principles of the Procedure

CTA Agar utilizes peptone as a carbohydrate-free source
of nutrients. Inorganic salts are included in order to supply
essential ions. Phenol red is an indicator of pH changes in the
medium surrounding the Taxo carbohydrates discs, which are
applied to the surface of inoculated plates.

Limitations of the Procedure

Factors that may cause urine counts from infected patients
to be low include: rapid rate of urine flow, prior initiation of
antimicrobial therapy, a urine pH of less than 5 and a specific
gravity of less than 1.003.
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Availability

BBL™ CLED Agar

Cat. No. 212218 Dehydrated - 500 g
United States and Canada

Cat. No. 221850 Prepared Plates — Pkg. of 10*

Europe

Cat. No. 254003 Prepared Plates — Pkg. of 20*
254070  Prepared Plates — Ctn. of 120*

Japan

Cat. No. 251953  Prepared Plates — Pkg. of 20*
251530  Prepared Plates — Ctn. of 100*

*Store at 2-8°C.

Formula

BBL™ CTA Agar
Approximate Formula* Per Liter
L-CYSTINE e 0.5
Pancreatic Digest of Casein
AT e
Sodium Chloride
Sodium Sulfite............
Phenol Red........cooviiiiii

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 40 g of the powder in 1 L purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to

completely dissolve the powder.

Autoclave at 118°C for 15 minutes.

4. If desired, add 2 drops of sterile rabbit serum per tube
prior to solidification in order to enhance the recovery of
C. diphtheriae.

5. Test samples of the finished product for performance using
stable, typical control cultures.

W

Procedure

Inoculate a pure culture of the organism onto the surface of the
plated medium using a swab technique to inoculate the entire
surface. Taxo carbohydrate discs are then applied to the agar
surface using no more than four discs per plate.



User Quality Control

Identity Specifications
BBL™ CTA Agar
Dehydrated Appearance:  Fine, homogeneous, free of extraneous material.

Solution: 4.0% solution, soluble in purified water upon boil-
ing. Solution is medium, orange-red to red-rose,
clear to slightly hazy.

Prepared Appearance: Orange-red to red-rose, slightly hazy.

Reaction of 4.0%

Solution at 25°C: pH7.3+0.2
Cultural Response
BBL™ CTA Agar

Prepare the medium per label directions. Inoculate with fresh cultures and
incubate at 35 + 2°C for 18-48 hours.

ORGANISM ATCC" RECOVERY
Corynebacterium diphtheriae 11913 Growth
Corynebacterium pseudodiphtheriticum 10700 Growth

Incubate plates for 18-48 hours at 35 + 2°C in an aerobic
atmosphere.

Expected Results
Typical diphtheria bacilli ferment dextrose and maltose, but
not sucrose.

CTA Medium

Typical carbohydrate reactions for selected corynebacteria on
CTA Agar plates containing Taxo carbohydrate discs are as
follows:

CORYNEBACTERIUM SPECIES ~ DEXTROSE  MALTOSE SUCROSE
C. diphtheriae + + -
C. pseudodiphtheriticum - - -
C. xerosis + + +
C. jeikeium + v -

+ = acid (yellow zone reaction)
- = no acid produced
v = variable reaction

Current schemes recommended for the identification of medi-
cally significant corynebacteria include carbohydrate utilization
as part of the testing regimen. Appropriate references should
be consulted for a discussion of the other tests, which enable a
definitive identification of the above-named organisms as well
as other clinically important species of corynebacteria.**
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Availability
BBL™ CTA Agar
Cat. No. 211094 Dehydrated - 500 g

CTA Medium™ e Cystine Tryptic Agar
CTA Medium™ with Carbohydrates

Intended Use

Cystine Tryptic Agar and CTA Medium (Cystine Trypticase™
Agar Medium) are for the maintenance of microorganisms,
as well as for the detection of bacterial motility and, with
added carbohydrate, for fermentation reactions of fastidious
microorganisms; i.e., Neisseria, pneumococci, streptococci and
nonsporeforming anaerobes.

Summary and Explanation

This formulation was developed by Vera as a simple semi-solid
medium for the identification and maintenance of the gonococ-
cus and other bacteria.!

Without carbohydrates, it can be used for maintenance of
cultures, including fastidious organisms, for extended periods
when stored at appropriate temperatures.

With the appropriate carbohydrate, it is recommended for the
differentiation of fastidious organisms by means of fermentation
reactions. In the semisolid agar, acid reactions are easily detected
because the acid formed is not immediately diffused throughout
the entire culture as in a broth, When no fermentable carbohydrate
is present, most cultures show an alkaline shift.

Motility can be readily detected in the semisolid medium.? Stab
cultures show growth out from the line of inoculation. Nonmo-
tile organisms grow in the inoculated area, while the surrounding
area remains clear.

BBL™ Taxo™ carbohydrate discs can be selected and added,
as needed, to tubes of plain CTA Medium when fermentation
reactions are to be determined.

For clostridia, bacilli, common micrococci, enteric bacilli and
other organisms not generally considered to be nutritionally
fastidious, the use of Trypticase Agar Base is recommended
instead of this formulation.

Principles of the Procedure
The medium contains cystine and peptone to supply the nutrients
necessary to support the growth of fastidious microorganisms.

Carbohydrate fermentation is detected by a visible color change
of the medium due to the incorporation of the pH indicator
dye, phenol red. When the carbohydrate present is metabolized
by the organism, organic acids are produced and the medium
becomes acidified. However, the peptone present in the medium
is also degraded by the bacteria present and yields substances
that are alkaline in pH.
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User Quality Control

NOTE: Differences in the Identity Specifications and Cultural Response testing for media offered as both Difco™ and BBL™ brands may reflect differences in the
development and testing of media for industrial and clinical applications, per the referenced publications.

Identity Specifications

Difco™ Cystine Tryptic Agar

Dehydrated Appearance:  Pink, free-flowing, homogeneous.

Solution: 2.85% solution, soluble in purified water upon
boiling. Solution is red, very slightly opalescent.

Prepared Appearance: Red, very slightly opalescent.

Reaction of 2.85%
Solution at 25°C: pH7.3+0.2

Cultural Response

Difco™ Cystine Tryptic Agar

Prepare the medium per label directions without and with 0.5% dextrose.
Inoculate tubes with fresh broth cultures (Neisseria from chocolate agar) by
straight stab and incubate with caps tightened at 35 + 2°C for 18-48 hours
(up to 72 hours if necessary).

ACID PRODUCTION

ORGANISM ATCC*  MOTILITY  WITH DEXTROSE
Corynebacterium

diphtheriae biotype mitis 8024 - +
Escherichia coli 25922 + +
Neisseria gonorrhoeae 43070 - +

The phenol red indicator changes from reddish-orange to
yellow when the amount of acid produced by carbohydrate
fermentation is greater than the alkaline end products of
peptone degradation. The color change with phenol red
occurs around pH 6.8, near the original pH of the medium.

Formulae

Difco™ Cystine Tryptic Agar
Approximate Formula* Per Liter
TIYPLOSE e
L-Cystine
Sodium Chloride ............
Sodium Sulfite...............
AGAT e
Phenol Red.........coooiuieieiii e

BBL™ CTA Medium™

Approximate Formula* Per Liter

Pancreatic Digest of Casein .........ccocovioiiiiiiiee 20.0
L-CYSTiNe o
Sodium Chloride
Sodium Sulfite................
AQar .
Phenol Red

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

Difco™ Cystine Tryptic Agar

1. Suspend 28.5 g of the powder in 1 L of purified water. Mix
thoroughly.

Identity Specifications

BBL™ CTA Medium™

Dehydrated Appearance:  Fine, homogeneous, free of extraneous material.

Solution: 2.85% solution, soluble in purified water upon
boiling. Solution is light to medium, red-orange
to orange-red to red-rose, clear to slightly hazy.

Prepared Appearance: Red-orange to red-rose, slightly hazy.

Reaction of 2.85%
Solution at 25°C: pH7.3+0.2

Cultural Response

BBL™ CTA Medium™

Prepare the medium per label directions (without added carbohydrate).
Inoculate tubes with fresh broth cultures (Neisseria from chocolate agar)
by straight stab and incubate at 35 + 2°C under appropriate atmospheric
conditions (Neisseria with tightened caps) for 72 hours.

ORGANISM ATCC" RECOVERY MOTILITY
Corynebacterium

pseudodiphtheriticum 10700 Good -
Enterococcus faecalis 29212 Good -
Listeria monocytogenes 19115 Good +
Neisseria gonorrhoeae 19424 Good -
Neisseria meningitidis 13090 Good -
Staphylococcus aureus 6538P Good -

Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

Autoclave at not over 118°C for 15 minutes.

To prepare fermentation medium, add 5-10 g of carbohy-
drate before autoclaving or dissolve medium in 900 mL
water, autoclave, and aseptically add 100 mL sterile 5-10%
carbohydrate solution.

Test samples of the finished product for performance using
stable, typical control cultures.

BBL™ CTA Medium™

1.

Suspend 28.5 g of the powder in 1 L of purified water. Add
carbohydrate (0.5 to 1.0%) if desired, and adjust the pH if
necessary. Mix thoroughly.

Heat with frequent agitation and boil for 1 minute or until
solution is complete.

Tube and autoclave at not over 118°C for 15 minutes. Cool
in the upright position.

Store at room temperature. Do not refrigerate unless in tightly
closed, screw-capped tubes.

Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

1.

Loosen caps, boil, tighten caps and cool before use.

2. Remove fresh colony growth from the surface of a suitable

culture medium; e.g., Chocolate Agar, not from a selective,
primary isolation plate.’



3. For fermentation tests with members of the genus Neis-
seria, only the surface of the tubed medium is inoculated.
For facultative organisms, such as streptococci and strictly
anaerobic organisms, inoculate by stabbing the center of the
medium with an inoculating needle to about 1/2 the depth
of the medium.

4. Repeat for each tube to be inoculated.

5. Incubate at 35 = 2°C with loosened caps aerobically or
anaerobically depending upon the organisms being tested;
Neisseria should be incubated with tight caps* especially if
tubes must be incubated in a CO, incubator,** or with loose
caps in a non-CO, incubator.”® Examine periodically up to
24 hours for growth (turbidity), evidence of motility, and
acid production in carbohydrate-containing medium (yellow
color in upper layer of medium). A few strains may require
incubation for up to 48-72 hours.’

6. Many fastidious organisms, including Neisseria, Pasteurella,
streptococci, Brucella, corynebacteria and vibrios, may
be readily cultivated in this medium, no added carbon
dioxide, serum or other enrichments being required.

7. For more rapid growth and also for more rapid fermentation
reactions, anaerobic cultures preferably should be incubated
in the presence of carbon dioxide as well as hydrogen or
nitrogen. Some strict anaerobes fail to grow or grow poorly
in the absence of carbon dioxide.

Expected Results

A yellow color either in the upper one-third or throughout
the medium indicates acid production; i.e., fermentation of
the carbohydrate. A red (alkaline) to orange (neutral) color
indicates that the carbohydrate has not been degraded and that
only the peptone has been utilized. Inoculated medium (without
carbohydrate) also exhibits a red to orange color.

Motile organisms show growth out from the line of stab-
inoculation. Nonmotile organisms only grow along the stab line
with the surrounding agar remaining clear.

Limitations of the Procedure

1. CTA requires a heavy inoculum.'

2. Prolonged incubation may lead to changes in pH indicator
or abnormal lactose/sucrose reactions with Neisseria
pathogens.'"'?

Campy-Cefex Agar

Intended Use

Campy-Cefex Agar* is a selective medium used for the primary
isolation and cultivation of Campylobacter species, especially
C. jejuni and C. coli, from poultry.

*US. patent No. 5,891,709

Summary and Explanation
In 1992, Stern et al. published on the development of Campy-
Cefex Agar, a selective-differential medium for the isolation of

Campy-Cefex Agar

3. Neisseria species usually produce acid only in the area of
stabs (upper third). If there is a strong acid (yellow color)
throughout the medium, a contaminating organism may be
present. If in doubt about a tube containing a Neisseria spe-
cies, a Gram stain and oxidase test should be performed on
the growth.!
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Availability

Difco™ Cystine Tryptic Agar

Cat. No. 252310 Dehydrated — 500 g

BBL™ CTA Medium™

Cat. No. 211096 Dehydrated - 500 g
221631  Prepared Tubes, 8 mL (K Tubes) — Pkg. of 10*
221632  Prepared Tubes, 8 mL (K Tubes) — Ctn. of 100*

BBL™ CTA Medium™ with Carbohydrates

Cat.No. 297731 Prepared Tubes with Arabinose — Pkg. of 10*
297732  Prepared Tubes with Cellobiose — Pkg. of 10*
221633  Prepared Tubes with Dextrose — Pkg. of 10*
221634  Prepared Tubes with Dextrose — Ctn. of 100*
296001  Prepared Tubes with Fructose — Pkg. of 10*
221635  Prepared Tubes with Lactose — Pkg. of 10*
221637  Prepared Tubes with Maltose — Pkg. of 10*
221639  Prepared Tubes with Mannitol — Pkg. of 10*
297101  Prepared Tubes with Raffinose — Pkg. of 10*
297102  Prepared Tubes with Rhamnose — Pkg. of 10*
221641  Prepared Tubes with Salicin — Pkg. of 10*
221643  Prepared Tubes with Sorbitol — Pkg. of 10*
296002  Prepared Tubes with Starch — Pkg. of 10*
221645  Prepared Tubes with Sucrose — Pkg. of 10*
297033  Prepared Tubes with Trehalose — Pkg. of 10*
221647  Prepared Tubes with Xylose — Pkg. of 10*

*Store at 2-8°C.

Campylobacter species from chicken carcasses. Campy-Cefex
Agar demonstrated easier differentiation of C. jejuni from
other flora when compared to Campylobacter Cefoperazone
Desoxycholate Agar and better selectivity than Campylobacter
Brucella Agar (Campy BAP).!

In September 2005, Campy-Cefex Agar was adopted by the
National Advisory Committee on Microbiological Criteria for
Foods for the isolation of Campylobacter species from chicken
carcasses.?
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Campy-Cefex Agar, cont.

Principles of the Procedure

This medium consists of Brucella Agar, a general purpose me-
dium that supports the growth of Campylobacter species. Laked
horse blood provides additional nutrients. Antimicrobial agents
are incorporated to suppress the growth of normal fecal flora that
could mask the presence of C. jejuni. Cefoperazone is a cepha-
losporin antibiotic that suppresses the growth of gram-negative
enteric bacilli and some gram-positive species. Cycloheximide is
used to suppress the growth of fungi.

Sample Collection and Handling

For agrifood samples consult appropriate standard methods
for details on sample preparation and processing according to
sample type.>*

Procedure

Inoculate the sample as soon as possible after it is received in the
laboratory, by means of a swab, directly onto the agar surface
and streak the plate for isolation. Incubate inoculated plates,
protected from light, at 42°C in a reduced oxygen, increased
carbon dioxide atmosphere. This atmosphere can be achieved
by using the BD GasPak™ EZ Campy Container System with
sachets or the BD GasPak EZ Campy Pouch System with sachets.
Examine plates after 36-48 hours incubation.!

Expected Results

Colonies of Campylobacter appear translucent. Direct ex-
amination using phase-contrast microscopy (x1000) can be
used to confirm typical morphology and motility - curved

Campylobacter Agars

or spiral-shaped bacterial rods that may demonstrate a rapid
corkscrew-like movement. Suspect colonies that demonstrate
the described colonial and microscopic morphology, and are
catalase and oxidase positive, can be presumptively identified
as Campylobacter species.'”

Limitations of the Procedure

1. Since C. jejuni is thermophilic, it is important to incubate
the plates at 42°C; otherwise growth will be delayed. Also,
the higher temperature improves selectivity by inhibiting the
normal flora.

2. For identification, organisms must be in pure culture. Mor-
phological, biochemical, and/or serological tests should be
performed for final identification. Consult appropriate texts
for detailed information and recommended procedures.>*
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Availability
BBL™ Campy-Cefex Agar

Cat.No. 215221 Prepared Plates — Pkg. of 20*
292487  Prepared Plates — Ctn. of 100*

*Store at 2-8°C.

Campylobacter Agar Base ¢ Campylobacter Agar

with 5 Antimicrobics and 10% Sheep Blood (Blaser)
Campy CSM Agar ¢ Campy CVA Agar e Skirrows Medium
Campylobacter Antimicrobic Supplement Skirrow
Camplyobacter Antimicrobic Supplement Blaser

Intended Use

Campylobacter Agar Base, when supplemented with blood or
other additives and antimicrobial agents, is used for the primary
isolation and cultivation of Campylobacter jejuni subsp.
jejuni from human fecal specimens. Several prepared selective
media formulations are provided for the same purpose.

Summary and Explanation

In 1972, Dekeyser et al. reported that C. jejuni was isolated from
the feces of patients with diarrhea and acute gastroenteritis
using a filtration technique and a blood-containing selective
medium with antimicrobics to suppress the normal enteric flora.!
Subsequently, Skirrow and other investigators reported similar

blood-based selective media that differed in the numbers and
types of antimicrobics.>¢ Bolton et al. reported that charcoal
can effectively replace the blood in selective media for campy-
lobacters.”

In 1978, Blaser et al. reported success in isolating C. jejuni
with a medium containing four antimicrobics incorporated
into Brucella Agar supplemented with 10% defibrinated sheep
blood.>* Subsequently, cephalothin was incorporated to
increase its ability to inhibit the normal bacterial flora associated
with fecal specimens.’

In 1983, Reller et al. introduced an improved selective
medium containing cefoperazone, vancomycin and ampho-



tericin B (CVA) for isolation of C. jejuni.® They reported
that this combination of antimicrobial agents provided better
inhibition of normal fecal flora for easier detection of C. jejuni
than the selective blood agar plate developed previously.

Karmali et al., in 1986, evaluated a blood-free, charcoal-based
selective medium (designated CSM) in parallel with a Skirrow-
type selective medium containing lysed horse blood. They
reported that the quality of Campylobacter growth on CSM
(luxuriant growth with smooth and effuse colonies) was similar
to that seen on blood-based media and was significantly more
selective than Skirrow medium.®

Principles of the Procedure

These media support the growth of Campylobacter species due
to their content of peptones, yeast extract and other digests,
extracts and components specific for the individual formula-
tions provided. Campylobacter isolation relies, in addition,
on a medium’s selectivity, which depends on the antimicrobial
agents in the medium, a microaerophilic environment and the
incubation temperature of 42°C, which suppresses the growth
of most normal bacteria.’

The antimicrobial agents required to make Skirrow’s and Blaser’s
formulations are provided as Campylobacter Antimicrobic
Supplement Skirrow and Campylobacter Antimicrobic Supple-
ment Blaser, respectively.

Campylobacter Agar with 5 Antimicrobics and 10% Sheep
Blood supports the growth of Campylobacter species due to its
content of peptones, dextrose, yeast extract and blood. The pep-
tones supply nitrogenous compounds, carbon, sulfur and trace
ingredients. Yeast extract is a source of the B-complex vitamins.
Dextrose is utilized as an energy source. Sheep blood supplies
additional nutrients. The incorporation of the antimicrobial
agents (amphotericin B, cephalothin, polymyxin B, trimethoprim
and vancomycin) suppresses the growth of the normal micro-
bial flora in fecal specimens, thereby facilitating isolation of
C. jejuni.

Skirrows Medium contains, in addition to the usual nutritional
components, laked horse blood, which supplies the X factor
(heme) and other growth requirements. Vancomycin inhibits
gram-positive bacteria, polymyxin B inhibits most gram-
negative bacilli except Proteus and trimethoprim is inhibitory
for Proteus spp.

Campy CSM Agar consists of Columbia Agar Base supple-
mented with activated charcoal, hematin, sodium pyruvate
and three antimicrobial agents (cefoperazone, cycloheximide
and vancomycin). The charcoal, hematin and sodium pyru-
vate improve the aerotolerance of Campylobacter species; it
has been suggested that these supplements act as quenching
agents of photochemically-produced toxic oxygen derivatives.®
Cefoperazone is a cephalosporin antibiotic that suppresses
the growth of gram-negative enteric bacilli and some gram-
positive species. Vancomycin is a glycopeptide antibiotic that
inhibits many species of gram-positive bacteria. Cycloheximide
is an antifungal agent.

Campylobacter Agars, cont.

Campy CVA Agar consists of Brucella Agar, a general-purpose
medium that supports the growth of Campylobacter species.
Defibrinated sheep blood provides additional nutrients. Anti-
microbial agents are incorporated to suppress the growth of
normal fecal flora that could mask the presence of C. jejuni.
Cefoperazone is a cephalosporin antibiotic that suppresses the
growth of gram-negative enteric bacilli and some gram-positive
species. Vancomycin is a glycopeptide antibiotic that inhibits
many species of gram-positive bacteria. Amphotericin B is an
antifungal agent.

Formulae
Difco™ Campylobacter Agar Base
Approximate Formula* Per Liter

Proteose Peptone NO. 3.......ccoiiiiiiiii 15.0 g
LIVEr DIgeSt ..o 2.5 g
Yeast EXTract ......ooooiiiii 5.0 g
Sodium Chloride .....c...oooiiiiiic e 50 g
AGAE e 12.0 g

Difco™ Campylobacter Antimicrobic Supplement Skirrow
Formula Per 5 mL Vial

VaNCOMYCIN ..o 50 mg
POIYMYXIN B 1250.0 units
THMEThOPIIM .o 25 mg

Difco™ Campylobacter Antimicrobic Supplement Blaser
Formula Per 5 mL Vial

VaNCOMYCIN Lot 50 mg
POIYMYXIN B 1250.0 units
THMEthOPIIM .o 25 mg
Cephalothin ... 7.5 mg
AMPHOLEriCIN B ... 1.0 mg

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 39.5 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Autoclave at 121°C for 15 minutes. Cool the medium to
45-50°C.

4. Aseptically add 5-7% sterile lysed horse blood or 10%
sterile defibrinated sheep blood. Mix thoroughly.

5. To prepare Skirrow’s medium: aseptically rehydrate one vial
of Campylobacter Antimicrobic Supplement Skirrow with
5 mL of sterile purified water. Rotate in an end-over-end mo-
tion to dissolve the contents completely. Store the rehydrated
vials at 2-8°C. Use within 24 hours after rehydration.
To prepare Blaser’s medium: aseptically rehydrate one vial of
Campylobacter Antimicrobic Supplement Blaser with § mL
of sterile purified water. Rotate in an end-over-end motion
to dissolve the contents completely. Store the rehydrated vials
at 2-8°C. Use within 24 hours after rehydration.

Aseptically add 1% of the desired antimicrobic supplement
(10 mL of supplement to 1 L or 5§ mL of supplement to
500 mL of medium base). Mix thoroughly, avoiding the for-
mation of air bubbles and dispense into sterile Petri dishes.

6. Test samples of the finished product for performance using
stable, typical control cultures.
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Campylobacter Agars, cont.

User Quality Control

Identity Specifications
Difco™ Campylobacter Agar Base
Dehydrated Appearance:  Beige, free-flowing, homogeneous.

Solution: 3.95% solution, soluble in purified water upon
boiling. Solution is medium to dark amber, clear
to slightly opalescent.

Prepared Appearance: Plain — Medium to dark amber, very slightly to
slightly opalescent.

With 10% sheep blood - Cherry red, opaque.

Reaction of 3.95%

Solution at 25°C: pH7.4+0.2

Cultural Response

Difco™ Campylobacter Agar Base

Prepare the medium per label directions; e.g., with 10% sterile defibrinated
sheep blood and antimicrobic supplements (Skirrow or Blaser). Inoculate and
incubate at 42°C under microaerophilic conditions for 40-48 hours.

INOCULUM  RECOVERY  RECOVERY
ORGANISM ATCC™ CFU SKIRROW BLASER
Campylobacter
Jjejuni subsp. jejuni 29428 10%-10° Good Good
Campylobacter
Jjejuni subsp. jejuni 33291 10%-10° Good Good
Candida albicans 10231 10° Good Inhibition
Enterococcus faecalis 33186 10° Inhibition Inhibition
Escherichia coli 25922 10° Inhibition Inhibition

Campy CSM Agar
Campylobacter jejuni
ATCC™ 33291

Procedure

Use standard procedures to obtain isolated colonies from
specimens. If immediate inoculation of a Campylobacter agar
cannot be performed, the use of a suitable holding medium (e.g.,
Campylobacter Thioglycollate Medium with 5 Antimicrobics)
is recommended. Incubate inoculated plates at 42°C in an
atmosphere conducive to the primary isolation and cultivation

Campylobacter Agar Base

Uninoculated Campylobacter jejuni
Plate ATCC™ 33291

Campy CVA Agar
Campylobacter jejuni
ATCC™ 33291

of microaerophilic organisms. This atmosphere can be achieved

™

by using one BBL™ CampyPak™ Plus disposable gas generator
envelope in a GasPak™ 100 jar, three envelopes in a GasPak
150 jar or using the Bio-Bag™ Type Cfj or GasPak EZ Campy
systems. Alternatively, the atmosphere can be achieved using
evacuation of GasPak vented jars and replacement with
cylinder gases, or by using the Fortner principle.



Examine plates at 24 and 48 hours.

NOTE: If plates are to be examined after 24 hours of incubation,
treat plates as if they were anaerobic cultures; i.e., examine plates
quickly and place them back into a reduced oxygen atmosphere
immediately after examination.

Expected Results

Campylobacter jejuni produces two types of colonies. One is
small, raised, grayish-brown, smooth and glistening with an
entire translucent edge. The other colony type is flat, mucoid,
translucent, grayish and has an irregular edge.

A small percentage of strains may appear tan or slightly pinkish.!
Colonies tend to spread, especially when initially isolated from
fresh clinical specimens.

Limitations of the Procedure

1. Due to the presence of 15 mg/L of cephalothin, growth of
C. fetus subsp. fetus will be inhibited on Campylobacter
Agar with 5 Antimicrobics and 10% Sheep Blood; therefore,
this medium is not recommended for the isolation or culture
of this subspecies.

2. Since C. jejuni is thermophilic, it is important to incubate
the plates at 42°C; otherwise, growth will be delayed. Also,
the higher temperature improves selectivity by inhibiting the
normal flora.

References

. Dekeyser, Gossuin-Detrain, Butzler and Sternon. 1972. J. Infect. Dis. 125:390.

. Skirrow. 1977. Br. Med. J. 2:9.

. Blaser, Cravens, Powers and Wang. 1978. Lancet 71:979.

. Blaser, Berkowitz, LaForce, Cravens, Reller and Wang. 1979. Ann. Intern. Med. 91:179.

. Wilson and Wang. October 13, 1979. Background and culture techniques for Campylobacter fetus
subsp. jejuni. Information flier, Campylobacter Laboratory, Veterans Administration Hospital,
Denver, Co.

. Reller, Mirrett and Reimer. 1983. Abstr. C274. Abstr. Annu. Meet. Am. Soc. Microbiol. 1983.

. Bolton and Coates. 1983. ]. Appl. Bacteriol. 54:115.

. Karmali, Simor, Roscoe, Fleming, Smith and Lane. 1986. J. Clin. Microbiol. 23:456.

. Grasmick. 1992. In Isenberg (ed.), Clinical microbiology procedures handbook, vol. 1. American Society
for Microbiology, Washington, D.C.
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Campylobacter Thioglycollate

Availability
Difco™ Campylobacter Agar Base
[ BS12] 150 | [SMD § SMWW |

Cat. No. 214892 Dehydrated — 500 g
218201 Dehydrated - 2 kg
Difco™ Campylobacter Antimicrobic Supplement Skirrow
[ 150 | SMWW |
Cat. No. 214891 Vial-6 x 5mL
Difco™ Campylobacter Antimicrobic Supplement Blaser
[ SMWW |
Cat. No. 214890 Vial-6 x 5mL

BBL™ Campylobacter Agar with 5 Antimicrobics and
10% Sheep Blood (Blaser)

[ BS12|

United States and Canada

Cat.No. 221727  Prepared Plates — Pkg. of 20*
221728  Prepared Plates — Ctn. of 100*

Europe
Cat. No. 254001

254069

Prepared Plates — Pkg. of 20*
Prepared Plates — Ctn. of 120*

Japan

Cat. No. 251727 Prepared Plates — Pkg. of 20*

BBL™ Campy CSM Agar

[ BS12| [ SMWW |
Cat. No. 299614 Prepared Plates — Pkg. of 20*

BBL™ Campy CVA Agar

[ BS12]
Cat.No. 297246  Prepared Plates — Pkg. of 20*
297713  Prepared Plates — Ctn. of 100*

BBL™ Skirrows Medium
[ 150 § SMWW |

United States and Canada

Cat.No. 297793  Prepared Plates — Pkg. of 20*
Japan

Cat. No. 252111
*Store at 2-8°C.

Prepared Plates — Pkg. of 20*

Campylobacter Thioglycollate Medium

with 5 Antimicrobics

Intended Use

Campylobacter Thioglycollate Medium with 5 Antimicrobics
is recommended as a holding medium for samples suspected
to contain Campylobacter jejuni subsp. jejuni when immediate
inoculation of Campylobacter Agar with 5 Antimicrobics and
10% Sheep Blood cannot be performed.

Summary and Explanation

In 1972, Dekeyser et al. reported the isolation of C. jejuni
from the feces of patients with diarrhea and acute gastroen-
teritis using a filtration technique and a selective medium
with antimicrobics to suppress the normal enteric flora.! Skir-

row, in 1977, reported a selective culture medium containing
three antimicrobics.? Blaser et al. reported success in isolating
C. jejuni by direct inoculation of stool specimens onto an agar
medium containing four antimicrobics and by inoculating
this medium with stool swabs held refrigerated for 8 hours in
thioglycollate broth (0.16% agar) containing the same four
antimicrobics.>* A fifth antimicrobic, cephalothin, was later
incorporated to inhibit nonpathogenic C. fetus subsp. fetus.*
The combined yield using Campylobacter blood agar and
Campylobacter Thioglycollate Medium, both containing five
antimicrobics, was reported to be 33% higher than when the
plated medium only was used and 28% higher than when the
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Campylobacter Thioglycollate, cont.

broth medium was used alone.* Luechterfeld et al. reported that
the number of positives was not substantially increased by hold-
ing turkey fecal specimens at 4°C overnight in Campylobacter
Thioglycollate Medium.’

Campylobacter Thioglycollate Medium has been recommended
as a holding medium when facilities for streaking and incubation
are not immediately available.®

Principles of the Procedure

Campylobacter Thioglycollate Medium is a selective holding
medium recommended for the isolation of C. jejuni from clinical
specimens. The incorporation of antimicrobial agents (i.e.,
amphotericin B, cephalothin, polymyxin B, trimethoprim and
vancomycin) and refrigeration inhibits further multiplication
of normal microbial flora in fecal specimens, thus facilitating
isolation of C. jejuni.

Procedure

1. Sample collection, storage and subculturing to plated
medium.”
Place rectal swab about 1 cm into the medium and twirl the
swab. Remove the swab or lower it to bottom of the tube
and break the shaft of the swab with the lip of the tube to
allow easy access to the shaft.
With solid stools, prepare a saline suspension, blend in a
mechanical mixer (i.e., vortex) and place five drops into
the medium about 1 cm below the surface. Alternatively,
probe all areas of the stool with a swab and inoculate the
medium as described for a rectal swab. With diarrheal
stools, place five drops in the medium about 1 cm below
the surface.
Refrigerate inoculated Campylobacter Thioglycollate Medium
overnight and subculture the next day to Campylobacter Agar
with § Antimicrobics and 10% Sheep Blood plates using a
Pasteur pipette inserted about 2 cm below the surface of the
broth to continuously withdraw a sample as the tip is slowly
drawn to the surface. Do not subculture onto nonselective
media since the normal flora may still be viable.

2. Incubation of plated medium.
Incubate plated medium at 42°C in a reduced oxygen,
increased carbon dioxide atmosphere. This atmosphere can
be achieved by using one BBL™ CampyPak™ Plus disposable
gas generator envelope in a GasPak™ 100 jar, three envelopes
in a GasPak™ 150 jar or using the Bio-Bag™ Type Cfj or

Candida BCG Agar Base

GasPak EZ Campy systems. Alternatively, the atmosphere
can be achieved using evacuation of GasPak vented jars and
replacement with cylinder gases,® or by using the Fortner
principle.’

Expected Results

Plates of Campylobacter Agar with 5 Antimicrobics and 10%
Sheep Blood inoculated from Campylobacter Thioglycollate
Medium with 5 Antimicrobics should be examined for the
presence of colonies of Campylobacter jejuni. These colonies will
appear as small, mucoid, usually grayish in coloration, flat with
irregular edges and nonhemolytic at 24 and 48 hours."

Colonies may be only barely visible at 18 and 24 hours. An
alternate colonial morphology, which appears to be strain
related, consists of round colonies 1-2 mm in diameter, which
are convex, entire and glistening.'® A small percentage of strains
may appear tan or slightly pinkish in coloration.”

Colonies tend to spread or swarm, especially when initially
isolated from fresh clinical specimens.

NOTE: If plates are examined after 24 hours of incubation,
treat plates as if they were anaerobic cultures; i.e., examine
plates quickly and place them back into a reduced oxygen
atmosphere immediately after examination.

References

1. Dekeyser, Gossuin-Detrain, Butzler and Sternon. 1972. J. Infect. Dis. 125:390

2. Skirrow. 1977. Br. Med. J. 2:9.

3. Blaser, Cravens, Powers and Wang. 1978. Lancet 2:979

4. Blaser, Berkowitz, LaForce, Cravens, Reller and Wang. 1979. Ann. Intern. Med. 91:179.

5. Luechtefeld, Wang, Blaser and Reller. 1981. J. Clin. Microbiol. 13:438

6. Reller, Wang and Blaser. 1979. Campylobacter enteritis: Campylobacter fetus subspecies jejuni. ASCP

Check Sample, Microbiology No. MB-99, Commission on Continuing Education, American Society
of Clinical Pathologists, Chicago, Ill.

7. Kaplan. 1980. In. Lennette, Balows, Hausler and Truant (ed.), Manual of Clinical Microbiology, 3rd
ed. American Society for Microbiology, Washington, D.C.

8. Nachamkin, 1999. In Murray, Baron, Pfaller, Tenover and Yolken (ed.), Manual of clinical
microbiology, 7th ed. American Society for Microbiology, Washington, D.C.

9. Karmali and Fleming. 1979. ]. Clin. Microbiol. 10:245.

. Smibert. 1984. In Kreig and Holt (ed.), Bergey’s Manual™ of systematic bacteriology, vol. 1,

Williams & Wilkins, Baltimore, Md.
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Availability
BBL™ Campylobacter Thioglycollate Medium
with 5 Antimicrobics

Cat. No. 221747  Prepared Tubes — Pkg. of 10
221748  Prepared Tubes — Ctn. of 100

Candida Bromcresol Green Agar

Intended Use

Candida Bromcresol Green (BCG) Agar is a differential and
selective medium used for primary isolation and detection of
Candida species from clinical specimens.

Summary and Explanation

Candida BCG medium employs the formula devised by Harold
and Snyder.' They demonstrated that the triphenyltetrazolium
chloride (TTC) being used as an indicator in Pagano Levin



User Quality Control

Identity Specifications
Difco™ Candida BCG Agar Base

Dehydrated Appearance:  Beige to blue-green, free-flowing, homoge-
neous.

Solution: 6.6% solution, soluble in purified water upon
boiling. Solution is blue-green to green-blue,
slightly opalescent to opalescent, may have a
precipitate.

Prepared Appearance: Blue-green to green-blue, slightly opalescent to
opalescent.

Reaction of 6.6%

Solution at 25°C: pH6.1+0.1

Cultural Response

Difco™ Candida BCG Agar Base

Prepare the medium per label directions. Inoculate and incubate at
30 + 2°C for 24-72 hours.

INOCULUM COLOR OF
ORGANISM ATCC" CFU  RECOVERY  MEDIUM
Candida albicans 10231 10%-10°  Good Yellow
Candida tropicalis 9968 10%-10°  Good Yellow

Escherichia coli 25922 10° Inhibition Green

medium retarded the growth of some species of Candida and
completely inhibited the growth of others. To overcome this,
they replaced TTC with bromcresol green, a non-toxic indicator,
to develop Candida BCG Agar. Neomycin is incorporated to
inhibit gram-negative and some gram-positive bacteria.

Principles of the Procedure

This medium consists of peptone agar base supplemented with
yeast extract and dextrose to provide the nutrients necessary
to support growth. Neomycin is an aminoglycoside antibiotic
that is active against aerobic and facultatively anaerobic gram-
negative bacteria and certain gram-positive species. Bromcresol
green aids in differentiation and identification of Candida
species based on dextrose fermentation. A change in the pH
causes the medium to become a yellow color around the
colonies of organisms that ferment dextrose.

Formula
Difco™ Candida BCG Agar Base

Approximate Formula* Per Liter

PepIONe ..o
Yeast Extract...............

Dextrose .........cc.covvue.

AGar ..oiiiiiiiiie

Bromcresol Green
*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 66 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

Candida BCG Agar Base, cont.

Candida albicans
ATCC™ 10231

Uninoculated
Plate

Candida
tropicalis
ATCC™ 3869

3. Autoclave at 121°C for 15 minutes.

4. Add sterile neomycin (500 pg/mL) to the medium at
50-55°C. Mix well.

5. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

Use standard procedures to obtain isolated colonies from
specimens. Incubate the plates in an inverted position (agar side
up) at 30 = 2°C for up to 72 hours.

Expected Results

Candida species produce convex to cone-shaped, smooth to
rough colonies. The color of the medium around the colonies
becomes yellow, usually within 72 hours.

Gram staining, biochemical tests and serological procedures
should be performed to confirm findings.>*

References

1. Harold and Snyder. 1968. Personal communication.

2. Kwon-Chung and Bennett. 1992. Medical mycology. Lea & Febiger, Philadelphia, Pa.

3. Forbes, Sahm and Weissfeld. 2007. Bailey & Scott’s diagnostic microbiology, 12th ed. Mosby, Inc.,
St. Louis, Mo.

4. Murray, Baron, Jorgensen, Landry and Pfaller (ed.). 2007. Manual of clinical microbiology, 9th ed.
American Society for Microbiology, Washington, D.C.

Availability
Difco™ Candida BCG Agar Base
Cat. No. 283510 Dehydrated - 500 g

BBL™ Candida Bromcresol Green Agar
Cat. No. 296241 Prepared Plates (complete) — Pkg. of 20*
*Store at 2-8°C.
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Casamino Acids

Cary and Blair Transport Medium

(See Transport Media)

Casamino Acids

Bacto™ Casamino Acids ¢ Bacto™ Casamino Acids,
Technical ¢ Casamino Acids, Vitamin Assay

Acidicase™ Peptone

Intended Use
Bacto Casamino Acids and Bacto Casamino Acids, Technical
are used in preparing microbiological culture media.

Casamino Acids, Vitamin Assay is used in vitamin assay
procedures.

Acidicase Peptone is used as a nutritional supplement in
vitamin assay, susceptibility testing and other laboratory
media and microbial fermentation where the high salt content
will not interfere.

Summary and Explanation

Bacto Casamino Acids is an acid hydrolysate of casein, prepared
according to the method described by Mueller and Miller.!
The method described reduces the sodium chloride and iron
content of the hydrolyzed casein. This hydrolyzed casein,
supplemented with inorganic salts, growth factors, cystine,
maltose and an optimum amount of iron was used by Mueller
and Miller to prepare diphtheria toxin. Bacto Casamino Acids
duplicates this specially treated hydrolyzed casein.

Bacto Casamino Acids, due to the nearly complete hydrolysis
of casein and the low sodium chloride and iron content, makes
an excellent supplement for many media formulations where
nitrogen requirements are minimal. This product has been
recommended as a compromise for the replacement of pure
amino acids in a defined medium for the growth of Lactobacillus,
thus eliminating the complexity of preparation.? Additionally,
it has been successfully used, along with Tryptone Peptone,
in nutritional studies to determine a bacterium’s growth
requirement for peptides or amino acids.* It also works well
as a component in laboratory media. It has been utilized in
such diverse applications as TYI-S-33 media for the parasite
Entamoeba histolytica and LCM medium for the growth of a
nematode-bacterium complex.’

Bacto Casamino Acids, Technical is an acid hydrolysate of
casein. The hydrolysis is carried out as in the preparation
of Bacto Casamino Acids, but the sodium chloride and iron
content of this product have not been decreased to the same
extent. Bacto Casamino Acids, Technical is recommended for
use in culture media where amino acid mixtures are required
for a nitrogen source and the sodium chloride content is slightly
increased. It is particularly valuable in studying the growth
requirements of bacteria.

Bacto Casamino Acids, Technical is prepared according to the
method suggested by Mueller' for use in the preparation of
diphtheria toxin. Bacto Casamino Acids, Technical has been
used in a medium for primary isolation of gonococcus and
meningococcus, in agar-free media for the isolation of Neisseria,
in a tellurite medium for the isolation of Corynebacterium and in
the preparation of a medium for the testing of disinfectants.**

Casamino Acids, Vitamin Assay is an acid digest of casein
specially treated to markedly reduce or eliminate certain vita-
mins. It is recommended for use in microbiological assay media
and in studies of the growth requirements of microorganisms.
Casamino Acids, Vitamin Assay is commonly used as the
amino acid source in early phases of nutrition work.’ Casamino
Acids, Vitamin Assay was used as the acid hydrolyzed casein
in studies on p-aminobenzoic acid and p-teroylglutamic acid as
growth factors for Lactobacillus species."

Several media containing Casamino Acids are specified in
standard methods for multiple applications.!®

Acidicase Peptone is a hydrochloric acid hydrolysate of casein.
The manufacturing process produces a casein hydrolysate that
has a high salt content of approximately 37% and nitrogen
content of approximately 8%. The hydrolysis of the casein, a
milk protein rich in amino acid nitrogen, is carried out until all
the nitrogen is converted to amino acids or other compounds
of relative simplicity. It is deficient in cystine, because casein
contains little cystine, and in tryptophan, which is destroyed
by the acid treatment.

Principles of the Procedure

Bacto Casamino Acids, Bacto Casamino Acids, Technical,
Casamino Acids, Vitamin Assay and Acidicase Peptone are acid
hydrolyzed casein. Casein is milk protein and a rich source of
amino acid nitrogen. Bacto Casamino Acids, Bacto Casamino
Acids, Technical, Casamino Acids, Vitamin Assay and Acidicase
Peptone provide nitrogen, vitamins, carbon and amino acids
in microbiological culture media. Although Bacto Casamino
Acids, Bacto Casamino Acids, Technical, Casamino Acids,
Vitamin Assay and Acidicase Peptone are added to media
primarily because of their organic nitrogen and growth factor
components, their inorganic components also play a vital role.!”



User Quality Control

Casamino Acids, cont.

NOTE: Differences in the Identity Specifications and Cultural Response testing for media offered as both Difco™ and BBL™ brands may reflect differences in the
development and testing of media for industrial and clinical applications, per the referenced publications.

Identity Specifications

Bacto™ Casamino Acids

Dehydrated Appearance:  Very light beige, free-flowing, homogeneous.
1.0% solution, soluble in purified water upon
slight heating. Solution is very light amber, clear.
2.0% solution, soluble in purified water upon
slight heating. Solution is light amber, clear.

Solution:

Reaction of 2.0%

Solution at 25°C: pH 5.8-6.65

Bacto™ Casamino Acids, Technical
Dehydrated Appearance:  Very light beige, free-flowing, homogeneous.

1.0% solution, soluble in purified water. Solution
is colorless to very light amber, clear.

Solution:

Reaction of 1.0%

Solution at 25°C: pH 5.0-7.5

Difco™ Casamino Acids, Vitamin Assay
Dehydrated Appearance:  Light beige, free-flowing, homogeneous.

Solution: 3.0% solution, soluble in purified water upon
boiling. Solution is very light to light amber, clear,
may have a slight precipitate.

Reaction of 3.0%

Solution at 25°C: pH 6.5-8.5
BBL™ Acidicase™ Peptone
Dehydrated Appearance:  Fine, homogeneous, free of extraneous material.

Solution: 2.0% solution, soluble in purified water. Solution

is clear to slightly hazy.

Reaction of 2.0%

Solution at 25°C: pH 6.5-7.5

Typical Analysis
Refer to Product Tables in the Reference Guide section of this
manual.

Directions for Preparation from
Dehydrated Product

Refer to the final concentration of Bacto Casamino Acids, Bacto
Casamino Acids, Technical, Casamino Acids, Vitamin Assay and
Acidicase Peptone in the formula of the medium being prepared.
Add appropriate product as required.

Procedure
See appropriate references for specific procedures using these
hydrolysates.

Expected Results

Refer to appropriate references and procedures for results.

References

1. Mueller and Miller. 1941. J. Immunol. 50:21.

2. Van Niel and Hahn-Higerdal. 1999. Appl. Microbiol. Biotechnol. 52:617.

3. Takahashi, Sato and Yamada. 2000. J. Bacteriol. 182:4704.

4. Attwood, Klieve, Ouwerkerk and Patel. 1998. Appl. Environ. Microbiol. 64:1796.
5. Strauch and Ehlers. 2000. Appl. Microbiol. Biotechnol. 54:9.

6. Mueller and Hinton. 1941. Proc. Soc. Exp. Biol. Med. 48:330.

7. Levin. 1943. ]. Bacteriol. 46:233.

8. Wolf. 1945. J. Bacteriol. 49:463.

Cultural Response
Bacto™ Casamino Acids or Bacto™ Casamino Acids,
Technical

Prepare a sterile 1% solution and adjust the pH to 7.2 + 0.2. Inoculate and
incubate tubes at 35 + 2°C for 18-48 hours.

ORGANISM ATCC™ INOCULUM CFU  RECOVERY
Escherichia coli 25922 10%-10° Good
Salmonella enterica

subsp. enterica

serotype Typhi 19430 10%-10° Good

Difco™ Casamino Acids, Vitamin Assay

Prepare various vitamin assay media using Casamino Acids, Vitamin Assay
to determine the vitamin content. It should not contain a vitamin content
higher than 20% above the following values:

Vitamin B, . .02 ngfg
.03  ngfg
.33 ngfg

Niacin...... 017 ua/g
Pantothenate .. ..0.04 ug/g
Riboflavin .... 0.1 ug/g
THIGMINE ..o 0.1  ugjg

BBL™ Acidicase™ Peptone

Prepare a sterile solution of 10.0 g of Acidicase Peptone, 2.5 g of sodium
chloride and 6.5 g of agar in 500 mL of purified water. Adjust final pH to
7.2-7.4. Inoculate and incubate plates at 35 + 2°C for 2-3 days under ap-
propriate atmospheric conditions.

ORGANISM ATCC*  INOCULUM CFU RECOVERY
Escherichia coli 25922 10%-104 Good
Pseudomonas aeruginosa 27853 10%-10* Good
Staphylococcus aureus 25923 10%-10* Good

9. Nolan. 1971. Mycol. 63:1231.

10. Sarett. 1947. ]. Biol. Chem. 171:265.

11. United States Pharmacopeial Convention. 2008. The United States pharmacopeia, 31/The national
formulary 26, Supp. 1, 8-1-08, online. United States Pharmacopeial Convention, Inc., Rockville, Md.

12. Downs and Ito (ed.). 2001. Compendium of methods for the microbiological examination of foods,
4th ed. American Public Health Association, Washington, D.C.

13. Horwitz (ed.). 2007. Official methods of analysis of AOAC International, 18th ed., online. AOAC
International, Gaithersburg, Md.

14. U.S. Food and Drug Administration. 2001. Bacteriological analytical manual, online. AOAC International,
Gaithersburg, Md.

15. U.S. Department of Agriculture. Microbiology laboratory guidebook, online. Food Safety and Inspection
Service, USDA, Washington, D.C.

16. Eaton, Rice and Baird (ed.). 2005. Standard methods for the examination of water and wastewater,
21st ed. online. American Public Health Association, Washington, D.C.

17. Nolan and Nolan. 1972. Appl. Microbiol. 24:290.

Availability

Bacto™ Casamino Acids

[BAM | COMPF J SMWW J USDA JUSP |
Cat. No. 223050 Dehydrated — 500 g

223020 Dehydrated - 2 kg
223030 Dehydrated — 10 kg

Bacto™ Casamino Acids, Technical

Cat. No. 223120 Dehydrated - 500 g
223110 Dehydrated — 10 kg

Difco™ Casamino Acids, Vitamin Assay

Cat. No. 228820 Dehydrated—100g
228830 Dehydrated — 500 g

BBL™ Acidicase Peptone

[ BAV | [ SMWW J USDA J USP |
Cat. No. 211843 Dehydrated - 500 g
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Casein Digest

Casein Agar

(See Nocardia Differentiation Media)

Casein Digest

Intended Use
Casein Digest is used in preparing microbiological culture
media.

Summary and Explanation
Casein Digest, an enzymatic digest of casein similar to N-Z-
Amine A, was developed for use in molecular genetics media.

User Quality Control

Identity Specifications

Difco™ Casein Digest

Dehydrated Appearance:  Light beige, free-flowing, homogeneous.

1%, 2%, and 10% solutions, soluble in purified
water. Solutions are: 1%-Light to medium amber,
dlear; 2%-Medium amber, clear; 10%-Dark amber,

Solution:

clear.
Reaction of 1%
Solution at 25°C: pH7.0+0.2
Cultural Response

Difco™ Casein Digest

Prepare NZM Broth per formula. Inoculate and incubate at 35 + 2°C for
18-72 hours.

ORGANISM ATCC"  INOCULUM CFU  RECOVERY
Bacillus subtilis 6633 10%-10° Good
Escherichia coli (HB101) 33694 10%-10° Good
Escherichia coli (JM107) 47014 10%-10° Good
Escherichia coli (DH5) 53868 10%-10° Good
Saccharomyces cerevisiae* 9763 10%-10° Good
Streptomyces avermitilis 31267 10%-10° Fair to good

*Tested with addition of 0.5% dextrose.

This product is digested under conditions different from other
enzymatic digests of casein, including Tryptone and Casitone.

Casein Digest is contained in the formulas of NZ media
(NZCYM Broth, NZYM Broth and NZM Broth), which are
used for cultivating recombinant strains of Escherichia coli.
E. coli grows rapidly in these rich media because they
provide amino acids, nucleotide precursors, vitamins and
other metabolites that the cells would otherwise have to
synthesize.! Consult appropriate references for recommended
test procedures using NZ media.'

Principles of the Procedure

Casein Digest is a nitrogen and amino acid source for microbio-
logical culture media. Casein is raw milk protein, a rich source
of amino acid nitrogen.

Procedure
See appropriate references for specific procedures using Casein
Digest.

Expected Results

Refer to appropriate references and procedures for results.

References

1. Ausubel, Brent, Kingston, Moore, Seidman, Smith and Struhl (ed.). 1994. Current protocols in molecular
biology, vol.1. Current Protocols, New York, N.Y.

2. Sambrook, Fritsch and Maniatis. 1989. Molecular cloning: a laboratory manual, 2nd ed. Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y.

Availability
Difco™ Casein Digest
Cat. No. 211610 Dehydrated — 500 g

Bacto™ Casitone ¢ Trypticase™ Peptone
Bacto™ Tryptone ¢ BiTek™ Tryptone

Intended Use
Bacto Casitone, Trypticase Peptone, Bacto Tryptone and BiTek
Tryptone are used in preparing microbiological culture media.

Ingredients, where noted, meet United States Pharmacopeia
(USP) performance specifications.

Summary and Explanation

The manufacturing process for an enzymatic digest of casein is
not as destructive as an acid hydrolysis. Thus, the casein is not
broken down as completely into its constituent components. In

many cases this makes for a more nutritious hydrolysate, espe-
cially for those organisms that prefer peptides to amino acids.

Bacto Casitone can be used as a component in microbiological
culture media or in fermentation applications. A recent publication
has also reported that the stability of Iyophilized influenza virus
vaccine was augmented by the addition of 2% Casitone.!

Trypticase Peptone is the primary nitrogen source in Trypticase
Soy Broth and Agar. This product is recommended for use in
media formulations, where good growth of fungi and bacteria is
required. Trypticase Peptone is referenced in Official Methods



of Analysis of AOAC International and meets specifications in
the USP for pancreatic digest of casein.>?

Bacto Tryptone was developed by Difco Laboratories while
investigating a peptone particularly suitable for the elabora-
tion of indole by bacteria. It is also notable for the absence
of detectable levels of carbohydrates. Bacto Tryptone has
been used in conjunction with casamino acids in nutritional
studies to determine amino acids vs. peptide utilization.*” It is
included in standard methods applications and is listed in the
reagent section of the USP as meeting the specifications for
pancreatic digest of casein, a component in many of the media
listed.>*¢1" The European Pharmacopoeia also lists pancreatic
digest of casein as a component in many of the recommended
media.'” Bacto Tryptone also works well in fermentation

User Quality Control

NOTE: Differences in the Identity Specifications and Cultural Response testing
for media offered as both Difco™ and BBL™ brands may reflect differences in
the development and testing of media for industrial and clinical applications,
per the referenced publications.

Identity Specifications
Bacto™ Casitone
Dehydrated Appearance:  Tan, free-flowing, granules.

Solution: 1.0%, 2.0% and 10.0 % solutions, soluble in
purified water. 1.0% solution is light amber,
clear. 2.0% solution is light to medium amber,
clear, may have a slight precipitate. 10.0%
solution is medium to dark amber, clear to very

slightly opalescent, may have a precipitate.
Reaction of 1.0%

Solution at 25°C: pH6.8-7.4

Bacto™ Tryptone

Dehydrated Appearance:  Light beige, free-flowing, homogeneous.
Solution: 1.0%, 2.0% and 10.0% solutions, soluble in

purified water. 1.0% solution is very light to light
amber, clear. 2.0% solution is light to medium
amber, clear. 10.0% solution is medium to dark
amber, clear to slightly opalescent,may have a
slight precipitate.

Reaction of 2.0%

Solution at 25°C: pH 6.5-7.5

BiTek™ Tryptone

Dehydrated Appearance:  Light beige, free-flowing, homogeneous.
Solution: 1.0%, 2.0% and 10.0% solutions, soluble in

purified water. 1.0% solution is very light to light
amber, clear. 2.0% solution is light to medium
amber, clear. 10.0% solution is medium to dark
amber, clear to slightly opalescent, may have a
slight precipitate.

Reaction of 2.0%

Solution at 25°C: pH7.2+0.2

BBL™ Trypticase™ Peptone
Dehydrated Appearance:  Fine, homogeneous, free of extraneous material.

Solution: 2.0% solution, soluble in purified water. Solution

is clear to slightly hazy.

Reaction of 2.0%

Solution at 25°C: pH 6.5-7.5

Continued
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applications. It has been used successfully with commonly used
organisms, such as Escherichia coli,”® as well as uncommon
organisms, such as the diatom Nitzschia laevis."

BiTek Tryptone is prepared similarly to Bacto Tryptone but
the final product goes through fewer refinement steps during
processing. This product provides some of the same benefits as
Bacto Tryptone in instances where a less refined hydrolysate
can be utilized.

Principles of the Procedure

Bacto Casitone, Trypticase Peptone, Bacto Tryptone and BiTek
Tryptone are pancreatic digests of casein. Casein is the main milk
protein and a rich source of amino acid nitrogen.

Typical Analysis
Refer to Product Tables in the Reference Guide section of this
manual.

Directions for Preparation from
Dehydrated Product

Refer to the final concentration of Bacto Casitone, Trypticase Pep-
tone, Bacto Tryptone and BiTek Tryptone in the formula of the
medium being prepared. Add appropriate product as required.

Procedure

See appropriate references for specific procedures using Bacto
Casitone, Trypticase Peptone, Bacto Tryptone and BiTek
Tryptone.

Expected Results

Refer to appropriate references and procedures for results.
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Cultural Response

Biochemical Reactions

Bacto™ Casitone, Bacto™ Tryptone or BiTek™ Tryptone

Prepare a sterile solution as directed below. Adjust final pH to 7.2-7.4. Inoculate and incubate at 35 + 2°C for 18-48 hours.

TEST TEST SOLUTION ORGANISM ATCC" INOCULUM CFU RESULT
Fermentable Carbohydrates 2% Escherichia coli 25922 ~107 Negative
Indole Production 0.1% Escherichia coli 29552 0.1 mL, undiluted Positive
Acetylmethylcarbinol Production 0.1% with 0.5% dextrose Enterobacter aerogenes 13048 0.1 mL, undiluted Positive
Hydrogen Sulfide Production 1% Salmonella enterica 14028 0.1 mL, undiluted Positive

subsp. enterica serotype Typhimurium

BBL™ Trypticase™ Peptone
Prepare a sterile solution as directed below. Adjust final pH to 7.2-7.4. Inoculate and incubate at 35 + 2°C for 18-48 hours.

TEST TEST SOLUTION ORGANISM ATCC" INOCULUM CFU RESULT

Fermentable Carbohydrates 2% Escherichia coli 29552 ~107 Negative
Indole Production 0.1% Escherichia coli 29552 0.1 mL, undiluted Positive
Acetylmethylcarbinol Production 0.1% with 0.5% dextrose Enterobacter aerogenes 13048 0.1 mL, undiluted Positive
Hydrogen Sulfide Production 1% Citrobacter freundii 8454 0.1 mL, undiluted Positive

Growth Response

Bacto™ Casitone, Bacto™ Tryptone or BiTek™ Tryptone

Prepare a sterile solution with 2.0% Bacto Casitone, Bacto Tryptone or BiTek Tryptone, 0.5% sodium chloride and 1.5% agar. Adjust final pH to
7.2-7.4. Inoculate and incubate plates at 35 + 2°C for 18-48 hours.

ORGANISM ATCC" INOCULUM CFU RECOVERY
Escherichia coli 25922 30-300 Good
Staphylococcus aureus 25923 30-300 Good

BBL™ Trypticase™ Peptone
1. Prepare a sterile solution of peptone agar without (plain) and with 5% sheep blood (SB) using 10 g Trypticase Peptone, 2.5 g sodium chloride and
6.5 g agar in 500 mL of purified water. Adjust final pH to 7.2-7.4. Inoculate and incubate plates at 35 + 2°C for 3 days (incubate streptococci with CO,).

ORGANISM ATCC" INOCULUM CFU RECOVERY PLAIN RECOVERY WITH SB
Enterobacter aerogenes 13048 10%-104 Good N/A
Escherichia coli 25922 10%-10° Good N/A
Staphylococcus aureus 6538P 10%-10 Good N/A
Staphylococcus epidermidis 12228 10%-10° Good N/A
Streptococcus agalactiae 12386 10%-10° N/A Good, beta hemolysis
Streptococcus pneumoniae 6305 10%-10° N/A Good, alpha hemolysis
Streptococcus pyogenes 49117 10%-10° Good Good, beta hemolysis

2. Prepare a sterile solution of chocolate peptone agar using Trypticase Peptone. Adjust final pH to 7.2-7.4. Inoculate and incubate plates at 35 + 2°C
for 3 days with CO,.

ORGANISM ATCC"  INOCULUM CFU RECOVERY

Neisseria gonorrhoeae 19424 10%-104 Good
Availability Bacto™ Tryptone
Bacto™ Casitone [BAV] epJepad sip fsmww Juspadusp
[ SMD J SMWW J USDA | Cat.No. 211705 Dehydrated — 500 g
Cat. No. 225930 Dehydrated — 500 g 211699 Dehydrated - 2 kg

225910 Dehydrated — 10 kg 211701  Dehydrated — 10 kg

BBL™ Trypticase™ Peptone BiTek™ Tryptone
[ noac] sam | comer T ep Fepa ] smp I smww Juspa Juse] Cat.No. 251420 Dehydrated - 10 kg

Cat. No. 211921 Dehydrated — 454 g

211922  Dehydrated — 5 Ib (2.3 kg)
211923  Dehydrated — 25 Ib (11.3 kg)



Casman Agar Base

Intended Use

Casman Agar Base is used for the cultivation of fastidious patho-
genic organisms, such as Haemophilus influenzae and Neisseria
gonorrhoeae, from clinical specimens.

Summary and Explanation

Members of the genus Haemophilus are fastidious microorgan-
isms that require the addition of X and/or V growth factors for
in vitro cultivation.' Neisseria are also fastidious microorganisms
with complex growth requirements.’

In 1947, Casman described a blood-enriched medium prepared
without an infusion of fresh meat for cultivation of Haemophilus
and gonococci.! The medium was developed to replace previ-
ous formulations that required time-consuming preparations
of fresh and heated blood and fresh meat infusion to supply
the nutrients necessary for the growth of these fastidious
organisms.>?

Casman found that nicotinamide interfered with the activity
of an enzyme in blood that inactivates V factor (NAD). Using
unheated human blood, he found that amount of nicotinamide
required for good growth of H. influenzae was inhibitory to
gonococci.? Therefore, he reduced the nicotinamide to a level
that allowed good growth of gonococci.

User Quality Control

Identity Specifications
BBL™ Casman Agar Base

Dehydrated Appearance: Fine, homogeneous, free of extraneous
material.

Solution: 4.3% solution, soluble in purified water upon
boiling. Solution is medium to dark, yellow
to tan, hazy to cloudy, with a moderate to

large amount of cream flocculation.

Medium to dark, yellow to tan, hazy to
cloudy, with a moderate to large amount
of cream flocculation.

Prepared Appearance:

Reaction of 4.3%
Solution at 25°C:

pH7.3+02
Cultural Response

BBL™ Casman Agar Base

Prepare the medium per label directions. Inoculate and incubate for

42-48 hours at 35 + 2°C, aerobically for L. monocytogenes and with
3-5% CO, for all other organisms.

INOCULUM

ORGANISM ATCC" CFU RECOVERY HEMOLYSIS
Haemophilus influenzae 10211 10%-10° Good N/A
Haemophilus

parahaemolyticus 10014  10%-10° Good Beta
Listeria monocytogenes 19115 10%-10° Good  Weak beta
Neisseria gonorrhoeae 43070 10%-10° Good N/A
Streptococcus pyogenes 19615 10%-10° Good Beta

Casman Agar Base

To improve the recovery of H. influenzae on this medium, horse
or rabbit blood should be used instead of human blood, since
they contain less NADase.*

Principles of the Procedure

Casman Agar Base is a nonselective, peptone-based medium.
The peptones and beef extract provide amino acids and other
complex nitrogenous nutrients. Yeast extract is a source of the
B-complex vitamins.

Supplementing Casman Agar Base with blood supplies the
growth factors required by H. influenzae — hemin, or X factor,
and nicotinamide adenine dinucleotide (NAD), or V factor.
Horse and rabbit bloods are preferred by some laboratories
because they are relatively free of NADase, an enzyme that
destroys the V factor. The addition of lysed blood stimulates
the growth of some strains of N. gonorrhoeae. Nicotinamide
is incorporated into the medium to inhibit the nucleotidase of
erythrocytes that destroys the V factor.

Cornstarch is incorporated to prevent fatty acids from inhibit-
ing the growth of N. gonorrhoeae and to facilitate B-hemolytic
reactions by neutralizing the inhibitory action of dextrose. A
small amount of dextrose is added to enhance the growth of
pathogenic cocci.

Formula
BBL™ Casman Agar Base
Approximate Formula* Per Liter

Pancreatic Digest of Casein ........ccoccovvvvviiiiiicicie g
Peptic Digest of Animal Tissue... g
Yeast Extract ........ccccoon, g
Beef EXLraCt. .. oo 30 g
NicOtinamIide. ........cooveiiiiiiicce e 0.05 g
p-Aminobenzoic Acid. g
Dextrose ......ccooeveeiiiiiiiei g
COrNSLArCh ..o 1. g
Sodium ChIoFide ....coveiriiic e 50 g
AGAE e 135 g

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 43 g of powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to

completely dissolve the powder.

Autoclave at 121°C for 15 minutes.

4. Cool to45-50°C and add 5% sterile blood and 0.15% blood
solution, made by lysing 1 part of blood with 3 parts of water.
Alternatively, add 5% partially lysed blood.

5. Test samples of the finished product for performance using
stable, typical control cultures.

W

Procedure
For a complete discussion on the isolation and identification of
Neisseria and Haemophilus, consult appropriate references.™
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Expected Results

H. influenzae produces colorless to gray, transparent, moist
colonies with a characteristic “mousy” odor. N. gonorrhoeae
produces small, translucent, raised, moist, colorless to grayish-
white colonies.

Gram staining, biochemical tests and serological procedures
should be performed to confirm findings.
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Availability
BBL™ Casman Agar Base
Cat. No. 211106 Dehydrated - 500 g

Cetrimide Agar Base ¢ Pseudosel™ Agar

Intended Use
Cetrimide (Pseudosel) Agar is used for the selective isolation and
identification of Pseudomonas aeruginosa.

Meets United States Pharmacopeia (USP), European Pharma-
copoeia (EP) and Japanese Pharmacopoeia (JP)' performance
specifications, where applicable.

Summary and Explanation

King et al. developed Medium A (Tech Agar) for the enhance-
ment of pyocyanin production by Pseudomonas.* Cetrimide
(Pseudosel) Agar has the formula for Tech Agar but is modi-
fied by the addition of cetrimide (cetyl trimethyl ammonium
bromide) for the selective inhibition of organisms other than
P. aeruginosa.’

In 1951, Lowbury described the use of 0.1% cetrimide in a selec-
tive medium for P. aeruginosa.’ Because of the increased purity
of the inhibitory agent, the concentration was later reduced, as
reported by Lowbury and Collins in 1955.¢ Brown and Lowbury
employed incubation at 37°C with examination after 18 and 42
hours of incubation.”

Strains of P. aeruginosa are identified from specimens by their
production of pyocyanin, a blue, water-soluble, nonfluorescent,
phenazine pigment in addition to their colonial morphology®
and the characteristic grapelike odor of aminoacetophenone.’
P. aeruginosa is the only species of Pseudomonas or gram-
negative rod known to excrete pyocyanin. Cetrimide (Pseudosel)
Agar, therefore, is a valuable culture medium in the identifica-
tion of this organism.

Cetrimide (Pseudosel) Agar is widely recommended for use in
the examination of cosmetics," clinical specimens®!! for the
presence of P. aeruginosa, as well as for evaluating the efficacy
of disinfectants against this organism.'? It is also used in the mi-
crobiological examination of nonsterile pharmaceutical products
for Pseudomonas aeruginosa.’

Principles of the Procedure

Gelatin peptone supplies the nutrients necessary to support
growth. The production of pyocyanin is stimulated by the
magnesium chloride and potassium sulfate in the medium."
Cetrimide is a quaternary ammonium, cationic detergent com-

pound, which is inhibitory to a wide variety of bacterial species
including Pseudomonas species other than P. aeruginosa. Agar
is a solidifying agent. Cetrimide Agar Base is supplemented with
1% glycerol as a source of carbon.

Formula
Difco™ Cetrimide Agar Base
Approximate Formula* Per Liter

Pancreatic Digest of Gelatin ... 200 g
Magnesium Chloride..........ccoooiiiiiiiiiiiieeee 1.4 g
Potassium Sulfate.........ocoooieiiiiiiieee 100 g
Cetrimide (Tetradecyltrimethylammonium Bromide).....0.3 g
AT e 136 g

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 45.3 g of the powder in 1 L of purified water con-
taining 10 mL of glycerol. Mix thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Autoclave at 121°C for 15 minutes.

4. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

Use standard procedures to obtain isolated colonies from speci-
mens. Incubate plates in an inverted position (agar side up) at
35 + 2°C for 18-48 hours.

Inoculate tubes with either pure cultures or with specimen material.
Incubate tubes at 35 + 2°C for 18-24 hours in an aerobic atmo-
sphere.

Refer to USP General Chapters <61> and <62> for details on
the examination of nonsterile products and tests for isolating
Pseudomonas aeruginosa using Cetrimide Agar.'

Expected Results

Colonies that are surrounded by a blue-green pigment and
fluoresce under short wavelength (254 nm) ultraviolet light may
be presumptively identified as Pseudomonas aeruginosa. Note,
however, that certain strains of P. aeruginosa may not produce
pyocyanin. Other species of Pseudomonas do not produce pyo-
cyanin, but fluoresce under UV light. Most non-Pseudomonas
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NOTE: Differences in the Identity Specifications and Cultural Response testing for media offered as both Difco™ and BBL™ brands may reflect differences in the
development and testing of media for industrial and clinical applications, per the referenced publications.

Identity Specifications

Difco™ Cetrimide Agar Base

Dehydrated Appearance:  Beige, free-flowing, homogeneous.

Solution: 4.53% solution with 1% glycerol, soluble in
purified water upon boiling. Solution is light
amber, opalescent, with a precipitate.

Prepared Appearance: Light amber, opalescent, with precipitate.

Reaction of 4.53%

Solution with 1%
glycerol at 25°C: pH7.2+0.2

Cultural Response

Difco™ Cetrimide Agar Base

Prepare the medium per label directions. Inoculate and incubate at 35 + 2°C
for 18-48 hours. Incubate plates with £. coli ATCC 8739 and P. aeruginosa
ATCC 9027 at 30-35°C for 18-72 hours.

INOCULUM COLONY
ORGANISM ATCC™ CFU RECOVERY  COLOR
Escherichia coli 25922 10%-2 x 10° Inhibition —
Pseudomonas Yellow-green
aeruginosa 27853 10° Good to blue
Staphylococcus
aureus 25923 10%-2x 10° Inhibition —
Pseudomonas
aeruginosa 9027 10-100 Growth N/A
Escherichia coli 8739 >100 No growth N/A

species are inhibited, and some species of Pseudomonas may also
be inhibited. Gram staining, biochemical tests and serological
procedures should be performed to confirm findings.

Limitations of the Procedure

1.

The type of peptone used in the base may affect pigment
production.”™

No single medium can be depended upon to exhibit all
pigment-producing P. aeruginosa strains.

Occasionally some enterics will exhibit a slight yellowing of
the medium; however, this coloration is easily distinguished
from fluorescin production since this yellowing does not
fluoresce.”

Some nonfermenters and some aerobic sporeformers may
exhibit a water-soluble tan to brown pigmentation on this
medium. Serratia strains may exhibit a pink pigmentation.”
Studies of Lowbury and Collins® showed P. geruginosa may
lose its fluorescence under UV light if the cultures are left at
room temperature for a short time. Fluorescence reappears
when plates are reincubated.
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Identity Specifications
BBL™ Pseudosel™ Agar (prepared)

Appearance: Cream to cream-tan and trace hazy to hazy.
Reaction at 25°C: pH7.2+0.2
Cultural Response

BBL™ Pseudosel™ Agar (prepared)

Inoculate and incubate at 35-37°C for 18-48 hours. Incubate plates with
E. coli ATCC 8739 and P. aeruginosa ATCC 9027 at 30-35°C for 18-72
hours.

ORGANISM ATCC*  INOCULUM CFU  RECOVERY
Escherichia coli 25922 10%-10* Inhibition
Pseudomonas aeruginosa 10145 10%-10° Good
Stenotrophomonas maltophilia 13637 10%-10* Inhibition
Pseudomonas aeruginosa 9027 10-100 Growth
Escherichia coli 8739 >100 No growth
Pseudosel™ Agar
Pseudomonas

aeruginosa
ATCC™ 10145
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Availability
Difco™ Cetrimide Agar Base

[ BAM J BS12] (EP JJP] [USP |
Cat. No. 285420 Dehydrated — 500 g*

BBL™ Pseudosel™ Agar

[BS12] [EPJ JP] | USP |

United States and Canada

Cat. No. 297882 Prepared Plates — Pkg. of 10**
221344  Tubed Slants — Pkg. of 10
221345 Tubed Slants — Ctn. of 100

Chapman Stone Medium

Intended Use

Chapman Stone Medium is used for isolating and differentiating
staphylococci based on mannitol fermentation and gelatinase
activity.

Summary and Explanation

Chapman Stone Medium is prepared according to the for-
mula described by Chapman.! It is similar to Staphylococcus
Medium 110, previously described by Chapman,? except that
the sodium chloride concentration is reduced to 5.5% and
ammonium sulfate is included in the formulation. The inclu-
sion of ammonium sulfate in the medium negates the need
to add a reagent after growth has been obtained in order to
detect gelatinase activity by Stone’s method. Chapman Stone
Medium is especially recommended for suspected food
poisoning studies involving Staphylococcus.® It is selective,
due to the relatively high salt content, and is differential due
to pigmentation, mannitol fermentation and the presence or
absence of gelatin liquefaction.

Principles of the Procedure

Yeast extract and peptone provide nitrogen, carbon, sulfur,
vitamins and trace nutrients essential for growth. Gelatin
serves as a substrate for gelatinase activity. Ammonium sulfate
allows detection of gelatin hydrolysis. D-Mannitol is the
fermentable carbohydrate. Sodium chloride acts as a selective

User Quality Control

Identity Specifications
Difco™ Chapman Stone Medium

Europe
Cat. No. 254419  Prepared Plates — Pkg. of 20**

Mexico (Cetrimide Agar)
Cat. No. 252626 Prepared Plates (60 x 15 mm-style) —
Pkg. of 10**
257506  Prepared Plates — Pkg. of 10**

Difco™ Glycerol

Cat.No. 228210 Bottle-100g
228220 Bottle—500g

* Store at 2-8°C.
1 QC testing performed according to USP/EP/JP performance specifications.

agent because most bacterial species are inhibited by the
high salt content. Dipotassium phosphate provides buffering
capability. Agar is the solidifying agent.

Formula
Difco™ Chapman Stone Medium
Approximate Formula* Per Liter

Yeast EXTract ....oooooiiiiii 25 g
Pancreatic Digest of Casein ...........cccooeiiiiiiiiniio, 10.0 g
Gelatin. . oo g
D-Mannitol ................ g
Sodium Chloride ........ g
Ammonium Sulfate g
Dipotassium Phosphate..............ccccveeveiiiiiiiiiiecee 50 g
AR e 150 g

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehyd rated Product
1. Suspend 20.2 g of the powder in 100 mL of purified water.
Mix thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Autoclave at 121°C for 10 minutes. Omit autoclaving if used
within 12 hours.

4. Test samples of the finished product for performance using
stable, typical control cultures.

Dehydrated Appearance:  Light beige, free-flowing, homogeneous with a tendency to cake.

Solution: 20.2% solution, soluble in purified water upon boiling. Solution is light amber, opalescent with a precipitate.
Prepared Appearance: Light to medium amber, opalescent with a precipitate.

Reaction of 20.2%

Solution at 25°C: pH7.0+0.2

Cultural Response

Difco™ Chapman Stone Medium

Prepare the medium per label directions. Inoculate and incubate at 30 + 2°C for 18-48 hours. Add bromcresol purple indicator to determine mannitol
fermentation (yellow = positive).

ORGANISM ATCC™ INOCULUM CFU  RECOVERY HALO (GELATINASE) MANNITOL FERMENTATION
Escherichia coli 25922 10%-10° Inhibition - -
Staphylococcus aureus 25923 10%-10° Good + +

Staphylococcus epidermidis 12228 10%-10° Good + -



Procedure

1. Streak a sample of the specimen onto the surface of the agar.
Make several stabs into the medium along the streak.

2. Incubate, aerobically, at 30 = 2°C for up to 48 hours.

3. Examine for growth and the presence or absence of clear
zones around colonies.

4. To determine mannitol fermentation, add a few drops of
bromcresol purple to areas on the medium from which
colonies have been removed. Any change in color of the
indicator, compared with that of the uninoculated medium,
indicates fermentation of mannitol.

Expected Results

Mannitol fermentation: Positive = change in color of the indica-
tor to yellow.

Gelatinase activity: Positive Stone reaction = formation of clear
zones around the colonies.

Any mannitol-positive, yellow or orange colonies surrounded
by a clear zone are presumptively identified as Staphylococcus

Charcoal Agar

Intended Use

Charcoal Agar is used for cultivating fastidious organisms,
especially Bordetella pertussis, for vaccine production and stock
culture maintenance.

Summary and Explanation

Charcoal Agar is prepared according to the method of Mishulow,
Sharpe and Cohen.' The authors found this medium to be an
efficient substitute for Bordet-Gengou Agar in the production
of B. pertussis vaccines.

User Quality Control

Identity Specifications
Difco™ Charcoal Agar
Dehydrated Appearance: ~ Gray, free-flowing, homogeneous.

6.25% solution, soluble in purified water upon boil-
ing. Solution is black, opaque with a precipitate.

Black, opaque.

Solution:

Prepared Appearance:

Reaction of 6.25%
Solution at 25°C:

pH7.3+0.2
Cultural Response
Difco™ Charcoal Agar

Prepare the medium per label directions. Inoculate and incubate at
35+ 2°C under 5-10% CO, for 18-72 hours.

ORGANISM ATCC"  INOCULUM CFU RECOVERY
Bordetella bronchiseptica 4617 10%-10° Good
Bordetella parapertussis 15237 10%-10° Good
Bordetella pertussis 8467 10%-10° Good

Charcoal Agar

aureus. White or nonpigmented colonies, with or without a clear
zone, are probably S. epidermidis.

Limitations of the Procedure

1. Confirm the presumptive identification of pathogenic staphy-
lococci with additional tests, such as coagulase activity.

2. Enterococci and/or Group D streptococci may exhibit growth
on the medium and show slight mannitol fermentation. The
colonies, however, are tiny and can easily be differentiated
from staphylococci by Gram stain and the catalase test.?

References

1. Chapman. 1948. Food Res. 13:100.

2. Chapman. 1946. ]. Bacteriol. 51:409.

3. MacFaddin. 1985. Media for isolation-cultivation-identification-maintenance of medical bacteria.
Williams & Wilkins, Baltimore, Md.

Availability
Difco™ Chapman Stone Medium
Cat. No. 211805 Dehydrated — 500 g

The genus Bordetella consists primarily of four species:
Bordetella pertussis, B. parapertussis, B. bronchiseptica and
B. avium; additional species have recently been described.” All
Bordetella are respiratory pathogens, residing on the mucous
membranes of the respiratory tract. B. pertussis is the major
cause of whooping cough or pertussis. B. parapertussis is
associated with a milder form of the disease.® B. bronchisep-
tica is an opportunistic human pathogen associated with both
respiratory and non-respiratory infections, often occurring in
patients having close contact with animals.> B. bronchiseptica
has not been reported to cause pertussis. There have been no
reports of recovery of B. avium from humans.?

Uninoculated Bordetella bronchiseptica
Plate ATCC™ 4617
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Charcoal Agar, cont.

Charcoal Agar supplemented with Horse Blood is used for the
cultivation and isolation of Haemophilus influenzae.*

Principles of the Procedure

Infusion from beef heart and peptone provide the nitrogen,
carbon and amino acids in Charcoal Agar. Yeast extract is a
vitamin source. Sodium chloride maintains osmotic balance.
Agar is the solidifying agent. Soluble starch and Norit SG,
charcoal, neutralize substances toxic to Bordetella species, such
as fatty acids.

Formula

Difco™ Charcoal Agar
Approximate Formula* Per Liter

Beef Heart, Infusion from 500 g........cccooevvieiiiienenns 120 g
PePtONe ..o 100 g
Sodium Chloride .......ooiiiiiii 50 g
Soluble Starch ........ooevoiiiiii 100 g
Yeast EXTract .......ooooiiiiiiii 35 g
NOFE SGiiiiii e 40 g
AGAT e 180 ¢

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehyd rated Product
1. Suspend 62.5 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Autoclave at 121°C for 15 minutes.

4. Mix thoroughly during dispensing to uniformly distribute
the charcoal.

5. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

For a complete discussion on the isolation and maintenance of
fastidious microorganisms refer to the procedures described in
appropriate references.>**

Expected Results

Refer to appropriate references and procedures for results.

Limitation of the Procedure

Charcoal has a tendency to settle out of the medium. Swirl
the flask gently when dispensing to obtain a uniform charcoal
suspension.*

References

1. Mishulow, Sharpe and Cohen. 1953. Am. J. Public Health, 43:1466.

2. Murray, Baron, Jorgensen, Landry and Pfaller (ed.). 2007. Manual of clinical microbiology, 9th ed.
American Society for Microbiology, Washington, D.C.

3. Linneman and Pery. 1977. Am. J. Dis. Child. 131:560.

4. MacFaddin. 1985. Media for isolation-cultivation-identification-maintenance of medical bacteria, vol
1. Williams & Wilkins, Baltimore, Md.

5. Isenberg and Garcia (ed.). 2004 (update, 2007). Clinical microbiology procedures handbook, 2nd ed.
American Society for Microbiology, Washington, D.C.

Availability
Difco™ Charcoal Agar
Cat. No. 289410 Dehydrated — 500 g

Chocolate Il Agar ® Chocolate Il Agar with Bacitracin
Chocolate Il Agar with Pyridoxal

Intended Use

Chocolate IT Agar is an improved medium for use in qualitative
procedures for the isolation and cultivation of fastidious
microorganisms, especially Neisseria and Haemophilus species,
from a variety of clinical specimens. Media provided in divided
(two-sectored) plates offer the ability to utilize the properties of
two media in one plate.

Chocolate IT Agar with Bacitracin is a selective medium used for
the isolation of Haemophilus species.

Chocolate I Agar with Pyridoxal is used for the isolation of
nutritionally-variant streptococci (vitamin B, -requiring strep-
tococci) from blood cultures.

Summary and Explanation

Carpenter and Morton described an improved medium for the
isolation of the gonococcus in 24 hours.! The efficiency of this
medium, GC Agar supplemented with hemoglobin and yeast
concentrate, was demonstrated in a study of twelve media
then in use for the isolation of this organism.? The medium
was improved by replacing the yeast concentrate with BBL™
IsoVitaleX™ Enrichment, a chemically defined supplement
developed specially to aid the growth of gonococci, although

it has broad application for other microorganisms; e.g.,
Haemophilus.>* Through careful selection and pretesting of
raw materials, Chocolate II prepared plated medium promotes
improved growth of gonococci and Haemophilus species. With
most strains of N. gonorrhoeae, visible growth on primary
isolation is seen after incubation of 18-24 hours.

The isolation of fastidious organisms from specimens contain-
ing mixed flora is facilitated by selective agents. Bacitracin has
been recommended for isolation of Haemophilus from the
respiratory tract.>®

Chocolate II Agar is often used as the medium for subculture
from blood culture bottles to detect the presence of bacteria
in cases of septicemia. Some cases of septicemia are caused by
organisms referred to as “nutritionally variant streptococci.”
These organisms require certain forms of vitamin B, such as
pyridoxal or pyridoxamine, and will not be isolated by the use
of unsupplemented media.” Chocolate II Agar supplemented
with pyridoxal may be used for this purpose.

Principles of the Procedure
Chocolate IT Agar contains an improved GC Agar base (GC II
Agar Base), bovine hemoglobin and IsoVitaleX Enrichment.



Chocolate Il Agar

Neisseria meningitidis

Neisseria gonorrhoeae
- ATCC™ 13090

ATCC™ 43069

Haemophilus
influenzae
ATCC™ 10211

Streptococcus
pneumoniae
ATCC™ 6305

GC II Agar Base contains nitrogenous nutrients in the form of
casein and meat peptones, phosphate buffer to maintain pH
and corn starch, which neutralizes toxic fatty acids that may
be present in the agar. Hemoglobin provides X factor (hemin)
for Haemophilus species. IsoVitaleX Enrichment is a defined
supplement which provides V factor (nicotinamide adenine
dinucleotide, NAD) for Haemophilus species and vitamins,
amino acids, co-enzymes, dextrose, ferric ion and other factors
which improve the growth of pathogenic Neisseria.

Chocolate IT Agar with Bacitracin is a selective medium for the
isolation of Haemophilus species from specimens containing
mixed flora. Bacitracin is a polypeptide antibiotic that inhibits
gram-positive bacteria and Neisseria.®

Chocolate II Agar with Pyridoxal is an enriched medium that
supports the growth of nutritionally variant streptococci, as well
as Haemophilus and other fastidious microorganisms. Pyridoxal
is a vitamin B, compound that is required for the growth of
certain strains of streptococcus.”

Procedure
Chocolate Il Agar

Streak the specimen as soon as possible after it is received in the
laboratory. Place the culture in an aerobic environment enriched
with carbon dioxide. Incubate at 35 + 2°C and examine after
overnight incubation and again after approximately 48 hours.
Subcultures for identification of N. gonorrhoeae should be made
within 18-24 hours.

Chocolate I Agar slants primarily are used for the cultivation
and maintenance of pure cultures. The slants should be inocu-
lated with a pure culture.

Chocolate Il Agar, cont.

Chocolate Il Agar with Bacitracin and Chocolate Il Agar
with Pyridoxal

Streak the specimen as soon as possible after it is received in the
laboratory. The streak plate is used primarily to isolate pure
cultures from specimens containing mixed flora.

Alternatively, if material is being cultured directly from a swab,
roll the swab over a small area of the surface at the edge; then
streak from this inoculated area. Incubate plates at 35 = 2°C
for 18-24 hours in an aerobic atmosphere enriched with
5-10% carbon dioxide.

Expected Results
Chocolate Il Agar

Typical colonial morphology on Chocolate IT Agar is as follows:

Haemophilus influenzae......Small (1 mm), moist, pearly with
a characteristic “mousy” odor

Neisseria gonorrhoeae ........ Small, grayish-white to colorless,
mucoid

Neisseria meningitidis........ Medium to large, blue-gray,
mucoid

Chocolate Il Agar with Bacitracin and Chocolate Il Agar
with Pyridoxal

After a minimum of 18 hours of incubation, the plates should
show isolated colonies in streaked areas and confluent growth
in areas of heavy inoculation.

Haemophilus may appear as small (1 mm), moist, pearly colonies
with a characteristic “mousy” odor.
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1. Carpenter and Morton. 1947. Proc. N.Y. State Assoc. Public Health Labs. 27:58.

2. Carpenter, Bucca, Buck, Casman, Christensen, Crowe, Drew, Hill, Lankford, Morton, Peizer,
Shaw and Thayer. 1949. Am. J. Syphil. Gonorrh. Venereal Diseases 33:164.

. Martin, Billings, Hackney and Thayer. 1967. Public Health Rep. 82:361

. Vastine, Dawson, Hoshiwara, Yonega, Daghfous and Messadi. 1974. Appl. Microbiol. 28:688.
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Availability
BBL™ Chocolate Il Agar (GC Il Agar with Hemoglobin
and IsoVitaleX™)

[ BS12]
United States and Canada
Cat. No. 221169 Prepared Plates — Pkg. of 20*
221267  Prepared Plates — Ctn. of 100*
295872  Prepared Slants (K Tubes) — Pkg. of 10*
Japan
Cat. No. 251169 Prepared Plates — Pkg. of 20*
251267  Prepared Plates — Ctn. of 100*
251578  Prepared Plates — Ctn. of 200*

BBL™ Chocolate Il Agar with Bacitracin
United States and Canada

Cat. No. 296271 Prepared Plates — Pkg. of 20*
Japan
Cat. No. 256271 Prepared Plates — Pkg. of 20*

BBL™ Chocolate Il Agar with Bacitracin//Trypticase™
Soy Agar with 5% Sheep Blood (TSA II)

Japan

Cat. No. 251789 Prepared I Plate™ Dishes — Pkg. of 20*
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Chocolate Il Agar, cont.

BBL™ Chocolate Il Agar with Pyridoxal
Cat. No. 297259 Prepared Plates — Ctn. of 100*

BBL™ Chocolate Il Agar//Martin-Lewis Agar

Cat. No. 297060 Prepared Bi-Plate Dishes — Pkg. of 20*
297245  Prepared Bi-Plate Dishes — Ctn. of 100*

BBL™ Chocolate Il Agar//Modified Martin-Lewis Agar

Cat. No. 298513 Prepared Bi-Plate Dishes — Pkg. of 20*
298206 Prepared Bi-Plate Dishes — Ctn. of 100*

BBL™ Chocolate Il Agar//Modified Thayer-Martin
(MTM 1I) Agar

[ BS12]
Cat. No. 221623 Prepared Bi-Plate Dishes — Pkg. of 20*

Choline Assay Medium

Intended Use
Choline Assay Medium is used for determining choline concen-
tration by the microbiological assay technique.

Summary and Explanation

Vitamin assay media are used in the microbiological assay of

vitamins. Three types of media are used for this purpose:

1. Maintenance Media: For carrying the stock culture to
preserve the viability and sensitivity of the test organism for
its intended purpose;

2. Inoculum Media: To condition the test culture for immedi-
ate use;

3. Assay Media: To permit quantitation of the vitamin under
test. They contain all the factors necessary for optimum
growth of the test organism except the single essential
vitamin to be determined.

Choline Assay Medium is a slight modification of the medium
described by Horowitz and Beadle.! Neurospora crassa ATCC™
9277 is the test organism used in this microbiological assay.

Principles of the Procedure

Choline Assay Medium is a choline-free dehydrated medium
containing all other nutrients and vitamins essential for the
cultivation of N. crassa ATCC 9277. The addition of choline
standard in specified increasing concentrations gives a growth
response by this organism that can be measured gravimetri-
cally.

Formula
Difco™ Choline Assay Medium

Approximate Formula* Per Liter

SUCTOSE ..
Ammonium Nitrate ........
Potassium Sodium Tartrate ...
Monopotassium Phosphate...
Magnesium Sulfate...........
Sodium Chloride ............
Calcium Chloride ...........
Ferrous Sulfate...............
Zinc Sulfate...................
Biotin......ooooo
Sodium Borate ...............
Ammonium Molybdate ..
Cuprous Chloride...........
Manganese Sulfate ...........cc.ccooiiiiiiiiiiicee
*Adjusted and/or supplemented as required to meet performance criteria.

BBL™ Chocolate Il Agar//Trypticase™ Soy Agar
with 5% Sheep Blood (TSA 1)

United States and Canada

Cat. No. 221302 Prepared I Plate™ Dishes — Pkg. of 20*
221303  Prepared I Plate™ Dishes — Ctn. of 100*

Europe

Cat. No. 251302 Prepared I Plate™ Dishes — Pkg. of 20*
251303  Prepared I Plate™ Dishes — Ctn. of 100*

BBL™ Chocolate Il Agar//Trypticase™ Soy Agar
with 5% Sheep Blood (TSA Il)//MacConkey Il Agar

Cat. No. 299580 Prepared Y Plate™ Dishes — Ctn. of 100*
*Store at 2-8°C.

Precautions

Great care must be taken to avoid contamination of media
or glassware in microbiological assay procedures. Extremely
small amounts of foreign material may be sufficient to give
erroneous results. Scrupulously clean glassware free from
detergents and other chemicals must be used. Glassware must
be heated to 250°C for at least 1 hour to burn off any organic
residues that might be present. Take precautions to keep steriliza-
tion and cooling conditions uniform throughout the assay.

Directions for Preparation from

Dehydrated Product

1. Suspend 5.7 g of the powder in 100 mL of purified water.

2. Heat with frequent agitation and boil for 2-3 minutes to
completely dissolve the powder.

3. Dispense 10 mL amounts into flasks, evenly dispersing the
precipitate.

4. Add standard or test samples.

Adjust flask volume to 20 mL with purified water.

6. Autoclave at 121°C for 10 minutes.

bt

User Quality Control

Identity Specifications
Difco™ Choline Assay Medium
Dehydrated Appearance:  White, free-flowing, homogeneous.

2.85% (single strength) solution, soluble in
purified water upon boiling. Solution is colorless,
clear, may have a slight precipitate.

Colorless, clear, may have a slight precipitate.

Solution:

Prepared Appearance:

Reaction of 2.85%

Solution at 25°C: pH55+0.2

Cultural Response

Difco™ Choline Assay Medium

Prepare the medium per label directions. The medium supports the
growth of Neurospora crassa ATCC™ 9277 when prepared in single strength
and supplemented with choline chloride. The medium should produce
a standard curve when tested using a choline chloride reference
standard at 0.0 to 25.0 pg per 10 mL. Incubate flasks with caps loosened
at 25-30°C for 3 days. Measure the growth response gravimetrically —
weight of mycelia versus micrograms of choline chloride standard.



Procedure

Remove 1 loop of spores from a 48-72 hour culture of
N. crassa ATCC 9277 grown on Neurospora Culture Agar
(per liter: Proteose Peptone No. 3, 5.0 g; Yeast Extract, 5.0 g;
Maltose, 40.0 g; Agar, 15.0 g; pH 6.7 + 0.2) and suspend it
in 100 mL sterile saline. Add 1 drop of this spore suspension
to each flask of medium. Incubate at 25-30°C for 3 days. At
the end of the incubation period, steam the flask at 100°C for
5 minutes. Remove all the mycelium from the flask using a stiff
wire needle or glass rod, press dry between paper towels, and roll
into a small pellet. Dry the pellet at 100°C in a vacuum oven for
2 hours. (A glazed porcelain spot plate is convenient for handling
the mycelium during drying and weighing.) Weigh to the nearest
0.5 mg. A standard curve is then constructed from the weights
obtained, and the unknown determined by interpolation. In the
assay for choline, 50 mL Erlenmeyer flasks containing a total
volume of 10 mL each are used.

It is essential that a standard curve be constructed each time
an assay is run. Autoclave and incubation conditions can
influence the standard curve reading and cannot always be
duplicated. The standard curve is obtained by using choline
at levels of 0.0, 2.5, 5, 10, 15, 20 and 25 pg per assay flask
(10 mL). The most effective assay range using Choline Assay
Medium is between 2.5 and 30 pg choline.

The concentration of choline required for the preparation
of the standard curve may be prepared by dissolving 0.5 g choline
chloride in 1,000 mL purified water. This is the stock solution
(500 pg per mL). Dilute the stock solution by adding 1 mL to
99 mL purified water. Use 0.0, 0.5, 1, 2, 3, 4 and 5 mL of this
diluted solution per flask. Prepare the stock solution fresh daily.

Chopped Meat Broth, PR Il

Expected Results

1. Prepare a standard concentration response curve by plotting
the response readings against the amount of standard in each
tube, disk or cup.

2. Determine the amount of vitamin at each level of assay
solution by interpolation from the standard curve.

3. Calculate the concentration of vitamin in the sample from
the average of these values. Use only those values that do not
vary more than £10% from the average. Use the results only
if two thirds of the values do not vary more than +10%.

Limitations of the Procedure

1. The test organism used for inoculating an assay medium must
be cultured and maintained on media recommended for this
purpose.

2. Aseptic technique should be used throughout the assay
procedure.

3. The use of altered or deficient media may cause mutants
having different nutritional requirements that will not give
a satisfactory response.

4. For successful results to these procedures, all conditions of
the assay must be followed precisely.

Reference

1. Horowitz and Beadle. 1943. J. Biol. Chem. 150:325.

Availability
Difco™ Choline Assay Medium

Cat. No. 246010 Dehydrated — 100 g*
*Store at 2-8°C.

Chopped Meat Carbohydrate Broth, PR I
Chopped Meat Glucose Broth, PRI

Intended Use

Chopped Meat Carbohydrate Broth, PR II and Chopped
Meat Glucose Broth, PR II are pre-reduced media used in the
enrichment, cultivation and maintenance of anaerobic microor-
ganisms, particularly obligate anaerobes.

Summary and Explanation

These media utilize Hungate’s method for culturing anaerobic
microorganisms outside of an anaerobic chamber.! The tubes
provide a reduced medium in a self-contained, anaerobic culture
chamber sealed using a Hungate screw cap. The cap contains
a butyl rubber septum stopper that permits inoculation and
incubation outside an anaerobic chamber without exposing the
medium to air.

They are recommended for subculture and enrichment of
anaerobic isolates for chromatographic analysis and tests to
determine proteolysis (meat digestion), spore formation, motility
and toxin production, particularly by Clostridium species, and
as a holding or stock culture maintenance medium.>*

Principles of the Procedure

Pre-reduced medium provides an anaerobic nitrogen and
hydrogen atmosphere. The tubes are packaged under oxygen-free
conditions and sealed to prevent aerobiosis.

Meat pellets and enzymatic digest of casein provide amino acids
and other nitrogenous substances to support bacterial growth.
Yeast extract primarily provides the B-complex vitamins,
and the phosphate is incorporated to maintain the pH of the
medium. Carbohydrates provide energy sources. Hemin and
vitamin K| are required by certain anaerobic species for growth
and may improve the growth of other species.’

The reducing action of the meat particles and L-cysteine binds
molecular oxygen. The reducing agents are required to maintain
a low Eh. Resazurin is an oxidation-reduction indicator used
to detect changes in the Eh of the medium. The medium
remains colorless if the Eh remains low; increased oxidation
causes the medium to become pink.
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Chopped Meat Broth, PR II, cont.

Procedure

Before inoculating, disinfect the septum of the cap. To inoculate,
insert needle through the septum and inject the specimen into
the medium. Withdraw the needle slowly to avoid introducing
air into the tube.

Organisms for subculture should first be isolated in pure cul-
ture on an appropriate solid medium. Prepare a suspension of
the pure culture in 0.5 to 1.0 mL of sterile, reduced broth and
inoculate with one or two drops.

For enrichment purposes, inoculate the pre-reduced medium
with one or two drops of the specimen after inoculating
appropriate primary plating media. Prepare tissues and other
solid specimens by mincing and grinding the specimen in 0.5
to 1.0 mL sterile, reduced broth. For swab specimens, scrape
the swab in sterile, reduced broth.

Incubate the tubes at 35 + 2°C for up to a week before discard-
ing as negative. For suspected actinomycoses, osteomyelitis,
endocarditis and other serious infections, incubate the tubes for
up to two weeks before discarding as negative.

CHROMagar™ Candida

Intended Use

BBL™ CHROMagar™ Candida* medium is for the isolation
and differentiation of Candida albicans, C. tropicalis and
C. krusei.' Due to the differences in morphology and colors of
the yeast colonies, this medium facilitates the detection of mixed
yeast cultures in specimens.>* It may also be used as a selective
isolation medium for other yeasts and for filamentous fungi
instead of Sabouraud Dextrose Agar or similar media.

*U.S. Patent Nos. 5,716,799 and 5,962,251

Summary and Explanation

The usefulness of a selective and differential medium for the
primary isolation of Candida species has long been noted. In
1953, Nickerson developed a medium following a study of sul-
fite reduction by Candida species.*In 1958, Pagano et al. added
triphenyl tetrazolium chloride to Sabouraud Dextrose medium
to differentiate C. albicans from other yeasts.’

With the inclusion of chromogenic substrates in the medium,
the colonies of C. albicans, C. tropicalis and C. krusei produce
different colors, thus allowing the direct detection of these
yeast species on the isolation plate.'* Colonies of C. albicans
appear light to medium green, C. tropicalis colonies appear
dark blue to metallic-blue, and C. krusei colonies appear light
rose with a whitish border. Other yeasts may develop either
their natural color (cream) or appear light to dark mauve (e.g.,
C. glabrata and other species).

BBL™ CHROMagar™ Candida medium is a selective and
differential medium deveolped by A. Rambach and is sold by
BD under a licensing agreement with CHROMagar, Paris,
France.

Expected Results

Examine the medium for blackening of meat particles, indicat-
ing digestion. Consult references for information needed for
chromatographic analyses and tests for indole production, toxin
production and spore formation.>* %7

References
1

. Hungate. 1969. Methods of microbiology. Academic Press, New York, N.Y.

2. Moore, Cato and Moore (ed.). 1987. Anaerobe laboratory manual, 4th ed. Virginia Polytechnic
Institute and State University, Blacksburg, Va.

3. Isenberg and Garcia (ed.). 2004 (update, 2007). Clinical microbiology procedures handbook, 2nd ed.
American Society for Microbiology, Washington, D.C.

4. Murray, Baron, Jorgensen, Landry and Pfaller (ed.). 2007. Manual of clinical microbiology, 9th ed.
American Society for Microbiology, Washington, D.C.

5. Gibons and MacDonald. 1960. J. Bacteriol. 80:164.

6. Summanen, Baron, Citron, Strong, Wexler and Finegold. 1993. Wadsworth anaerobic bacteriology
manual, 5th ed. Star Publishing Co., Belmont, Calif.

7. Rodloff, Applebaum and Zabransky. 1991. Cumitech SA, Practical anaerobic bacteriology.
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Availability
BBL™ Chopped Meat Carbohydrate Broth, PR I
Cat. No. 297307 Prepared Tubes (Hungate cap) — Pkg. of 10

BBL™ Chopped Meat Glucose Broth, PR Il
Cat. No. 297305 Prepared Tubes (Hungate cap) — Pkg. of 10

Principles of the Procedure

Specially selected peptones supply the nutrients in BBL
CHROMagar™ Candida medium. The chromogen mix consists
of artificial substrates (chromogens), which release differently
colored compounds upon degradation by specific enzymes.
This permits the differentiation of certain species, or the detec-
tion of certain groups of organisms, with only a minimum of
confirmatory tests. Chloramphenicol inhibits most bacterial
contaminants.

™

Procedure

Use standard procedures to obtain isolated colonies from
specimens. Incubate plates aerobically at 35 + 2°C for 36-48
hours in an inverted position (agar-side up). Do not incubate
in an atmosphere supplemented with carbon dioxide. Minimize
exposure to light both before and during incubation. Occasional
isolates, such as Cryptococcus neoformans and filamentous
fungi, will require a longer incubation time and possibly a lower
incubation temperature.

Expected Results

After incubation, plates from specimens containing yeasts will
show growth. Depending on the yeast species, colonies will
appear light to medium green (C. albicans), light rose to pink
(C. krusei), dark blue to metallic blue (C. tropicalis), light
to dark mauve or natural color (cream). Data from various
studies indicate that further identification using biochemical
and morphological tests for the above three yeast species is
not necessary.' Colonies that appear light to dark mauve or
appear in their natural cream color should be identified using
standard methods.®



Limitations of the Procedure

1. Consult appropriate references for detailed information
and recommended procedures for the identification of iso-
lates. !

2. Tt has been reported that C. dubliniensis produces a
distinctive dark green color on primary isolation with BBL™
CHROMagar™ Candida medium.”” However, this property
may not be retained in subculture. Additional phenotypic and
genotypic assays may be necessary. The clinical importance
of C. dubliniensis requires further study.

3. Since molds and other filamentous fungi metabolize the
chromogenic substrates, the colors exhibited by these
organisms on BBL™ CHROMagar™ Candida medium may
differ from those exhibited on Sabouraud Dextrose Agar.
Do not use the appearance of growth on this medium
for traditional descriptive identification from Sabouraud
Dextrose Agar.

4. Minimize exposure to light before and during incubation, as
light may destroy the chromogens. Keep plates within the
original sleeve wrapping and cardboard box for the entire
storage period.
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Availability
BBL™ CHROMagar™ Candida
United States and Canada

Cat. No. 254093 Prepared Plates — Pkg. of 20*

Europe

Cat.No. 254106 Prepared Plates — Ctn. of 120*

Japan

Cat. No. 251594  Prepared Plates — Pkg. of 20*
251367  Prepared Plates — Ctn. of 100*

Mexico

Cat.No. 252630 Prepared Plates — Pkg. of 10*

*Store at 2-8°C.

CHROMagar Listeria

Mixed Yeast
Colonies

Candida krusei

Candida tropicalis
- ATCC™ 34135

ATCC™ 1369

albicans
ATCC™ 10231

CHROMagar™ Listeria

Intended Use

BBL™ CHROMagar™ Listeria* is a selective medium for the
isolation, differentiation and identification of Listeria monocyto-
genes and L. ivanovii from food and environmental samples.

BBL CHROMagar Listeria has been validated by the AOAC™
Research Institute under the Performance Tested Methods™
Program for the analysis of raw ground beef, smoked salmon,
lettuce and Brie cheese when using FDA/BAM, USDA/FSIS,

AOAC and ISO methods'* with no confirmatory biochemical
tests required for the identification of Listeria monocytogenes/
L. wanovii.

Confirmatory testing of isolates from food matrices other than
those that have been validated, and from environmental samples,
is recommended.

*U.S. Patent Pending
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Listeria monocytogenes
ATCC™ 19114

Summary and Explanation

Listeriosis is a foodborne illness caused by L. monocytogenes.
It is of particular concern for immunocompromised patients:
cancer, HIV, pregnant women, neonates and the elderly. Because
of the severity of the disease, 20 deaths per 100 cases, listeriosis
is a serious public health and agrifood industry concern. Illness
caused by L. monocytogenes has been associated with deli meats,
poultry, soft cheeses, ready-to-eat seafood, smoked fish, hot
dogs, salad greens and inadequately or unpasteurized milk.>
L. ivanovii, rarely found in foods, is pathogenic to animals and
some cases of human listeriosis have been associated with this
organism.’

BBL CHROMagar Listeria is intended for the isolation, differ-
entiation and identification of L. monocytogenes and L. ivanovii
based on the formation of blue-green colonies surrounded by
an opaque, white halo. The addition of a chromogenic and
a phospholipid substrate in the medium facilitates the detec-
tion and differentiation of L. monocytogenes and L. jvanovii
from other Listeria species and organisms. An advantage BBL
CHROMagar Listeria has over recommended traditional media,
such as Modified Oxford and Oxford, is the ability to distinguish
L. monocytogenes and L. ivanovii from other Listeria species.
This facilitates the detection of L. monocytogenes/L. ivanovii in
the presence of other Listeria species and other bacterial flora
that may be present in a sample, thereby minimizing the risk of
not detecting L. monocytogenes or L. ivanouvii.

BBL CHROMagar Listeria has been validated by the AOAC
Research Institute under the Performance Tested Methods
Program.® It was evaluated for the detection of Listeria mono-
cytogenes in raw ground beef, smoked salmon, lettuce and Brie
cheese. The recovery of L. monocytogenes on CHROMagar
Listeria was compared to the FDA/BAM, USDA/FSIS, AOAC
and ISO reference plated media using the recommended pre-

enrichments and selective enrichments. Of the 265 food samples
tested, 140 were tested using BAM, USDA, or AOAC methods
and 125 were tested using ISO methods. BBL CHROMagar
Listeria produced a sensitivity of 99.3% and a specificity
of 100% as compared to the reference methods for all food
matrices. No false negatives were found in testing the food
matrices. No statistical difference was found in recovery using
the CHROMagar Listeria method compared to the reference
plated media based on Chi square analysis. Furthermore, in the
testing of raw ground beef and smoked salmon using ISO method
11290, time to recovery was shorter for BBL CHROMagar
Listeria compared to ALOA.’ Specifically, BBL CHROMagar
Listeria recovered 27 positive samples from the primary (Half
Fraser) and secondary (Fraser) broths after 24 hours of incuba-
tion compared to 3 positive samples detected on ALOA after 24
hours.’ Finally, known isolates were evaluated and CHROMagar
Listeria had a sensitivity and specificity of 100%. The results
of these studies demonstrate that BBL CHROMagar Listeria is
an effective medium for the recovery and detection of Listeria
monocytogenes in raw ground beef, smoked salmon, lettuce
and Brie cheese using FDA/BAM, USDA/FSIS, AOAC and ISO
methods.

In a separate study, BBL CHROMagar Listeria was compared
to AOAC’ and Health Canada' reference methods using 50
natural and 150 spiked food samples comprising 50 different
food types, including vegetables, milk, milk products, meat,
seafood, poultry, ready-to-eat meats and mushrooms.!! Overall,
the sensitivity and specificity for BBL CHROMagar Listeria
medium were 99% and 100%, respectively.!" An additional
study was performed comparing BBL CHROMagar Listeria
to the USDA/ESIS Listeria isolation method using 63 poultry
and environmental samples. BBL CHROMagar Listeria pro-
duced 100% (11/11) sensitivity and 100% (52/52) specificity.
Modified Oxford medium was 100% sensitive; however, it
lacked the ability to differentiate L. monocytogenes from other
Listeria species.!!

Principles of the Procedure

BBL CHROMagar Listeria was originally developed by A.
Rambach, CHROMagar, Paris, France. BD, under a licensing
agreement, has optimized this formulation utilizing proprietary
intellectual property used in the manufacturing of the BBL
CHROMagar Listeria prepared plated medium.

Specially selected Difco™ peptones supply nutrients. The ad-
dition of selective agents inhibits the growth of gram-negative
organisms, yeast and fungi. The chromogen is a chromogenic
substrate that produces a blue-green colored compound when
hydrolyzed by an enzyme specific to Listeria species. A specific
enzyme found in L. monocytogenes and L. ivanovii acts
upon the phospholipid substrate in BBL CHROMagar Listeria
producing an opaque, white halo around the blue-green colonies.
The growth of a blue-green colony with well-defined edges
surrounded by an opaque, white halo is presumptive for
L. monocytogenes or L. ivanovii on BBL CHROMagar Listeria.



Sample Collection and Handling

Follow appropriate standard methods for details on sample
collection and preparation according to sample type and geo-
graphic location.'

Procedure

Consult appropriate references and follow applicable standard
methods. Inoculate the incubated enrichment broth sample
onto a BBL CHROMagar Listeria plate and streak for isola-
tion. Incubate plates aerobically at 35 = 2°C for 24 hours. Do
not incubate in CO,. If negative, reincubate for an additional
24 hours to report final results.

Expected Results

After proper incubation, read plates against a white background.
L. monocytogenes/L. ivanovii produce blue-green colonies with
opaque, white haloes on BBL CHROMagar Listeria. Listeria
species produce blue-green colonies without haloes. Gram-
negative organisms are inhibited. Gram-positive organisms,
other than Listeria species, will either be inhibited or produce
white colonies.

Limitations of the Procedure
1. BBL CHROMagar Listeria cannot differentiate L. mono-
cytogenes from L. ivanovii based on colony color or halo

formation. Supplemental tests, such as hemolysis, xylose,
rhamnose and CAMP or commercially available AOAC-

CHROMagar™ MRSA

Intended Use

BBL™ CHROMagar™ MRSA* is a selective and differential
medium for the qualitative direct detection of nasal coloniza-
tion by methicillin-resistant Staphylococcus aureus (MRSA)
to aid in the prevention and control of MRSA infections in
healthcare settings. The test is performed on anterior nares swab
specimens from patients and healthcare workers to screen for
MRSA colonization. BBL CHROMagar MRSA is not intended
to diagnose MRSA infection nor to guide or monitor treatment
for infections.

*Patent Pending

Summary and Explanation

MRSA is a major cause of nosocomial and life threatening
infections. Infections with MRSA have been associated with a
significantly higher morbidity, mortality and costs than methicil-
lin-susceptible S. aureus (MSSA).! Selection of these organisms
has been greatest in the healthcare setting; however, MRSA has
also become more prevalent in the community.?

To control the transmission of MRSA, the Society for Healthcare
Epidemiology of America (SHEA) has recommended guidelines,
which include an active surveillance program to identify potential
reservoirs and a rigorous infection control program to control
the spread of MRSA.!

CHROMagar MRSA

RI approved Listeria identification biochemical test kits
are necessary for differentiation of L. monocytogenes and
L. wanovii.

2. Incubation in CO, may adversely affect the recovery of
Listeria species.
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Availability

BBL™ CHROMagar™ Listeria

[ BAM |

United States and Canada

Cat. No. 215085 Prepared Plates - Pkg. of 20*
Mexico

Cat. No. 252743  Prepared Plates - Pkg. of 10*

*Store at 2-8°C.

BBL CHROMagar MRSA is a selective and differential medium,
which incorporates cefoxitin, for the detection of MRSA from
anterior nares specimens.

BBL CHROMagar MRSA was developed by A. Rambach and
BD. This product utilizes CHROMagar Staph aureus, which was
developed by A. Rambach and is sold by BD under a licensing
agreement with CHROMagar, Paris, France.

Principles of the Procedure

BBL CHROMagar MRSA medium permits the direct detection
and identification of MRSA through the incorporation of spe-
cific chromogenic substrates and cefoxitin. MRSA strains will
grow in the presence of cefoxitin® and produce mauve-colored
colonies resulting from hydrolysis of the chromogenic substrate.
Additional selective agents are incorporated for the suppression
of gram-negative organisms, yeast and some gram-positive
cocci. Bacteria other than MRSA may utilize other chromogenic
substrates in the medium resulting in blue to blue/green colored
colonies or if no chromogenic substrates are utilized, the colonies
appear as white or colorless.
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24 Hours Incubation Interpretation/Recommended Action

Mauve colonies morphologically MRSA detected, report MRSA nasal colonization

resembling staphylococci*

No mauve colonies No results available, reincubate 24 additional hours

48 Hours Incubation Recommended Action Interpretation

Mauve colonies Perform coagulase testing If coagulase positive — MRSA detected,

report MRSA nasal colonization
If coagulase negative — report no MRSA detected

No mauve colonies N/A

Report no MRSA detected

* Staphylococci typically produce moderately sized smooth mauve colonies on BBL CHROMagar MRSA medium. Mauve colonies which are very small to pinpoint are most often gram-positive rods, usually
corynebacteria. If morphology is unclear, confirmatory tests such as coagulase may be used to confirm identification at 48 hours.

Staphylococcus aureus
ATCC™ 43300

Procedure

As soon as possible after receipt in the laboratory, inoculate
the specimen onto a BBL CHROMagar MRSA plate and
streak for isolation. Incubate plates aerobically at 35-37°C for
24 =+ 4 hours in an inverted position. If no mauve colonies are
recovered, reincubate for an additional 24 = 4 hours. Do not
incubate in an atmosphere supplemented with carbon dioxide.
Avoid exposure to light during incubation as light may result
in reduced recovery and/or coloration of isolates. Exposure to
light is permissible after colony color develops.

Expected Results
Read plates against a white background. Colonies of MRSA will
appear mauve on the BBL CHROMagar MRSA medium. Other
organisms (non-MRSA) will be inhibited or produce colorless,
white, blue or blue/green colonies. Refer to the table below for
interpretation of results.

Limitations of the Procedure
1. Minimize exposure (<4 hours) of BBL CHROMagar MRSA
to light both before and during incubation, as prolonged

exposure may result in reduced recovery and/or coloration
of isolates. Keep plates within the original sleeve wrapping
and cardboard box for the entire storage period.

. At 48 hours occasional strains of coagulase-negative staphy-

lococci (such as, S. epidermidis, S. cobnii, S. intermedius,
S. haemolyticus, S. capitis, S. hominis and S. schleiferi),
Acinetobacter sp., Corynebacterium and yeast may produce
mauve-colored colonies requiring a confirmatory coagulase
test for confirmation of MRSA. This may also occur at a
much lower rate at 24 hours. In clinical studies, approxi-
mately 5% (6/120) of the mauve-colored colonies detected
at 24 hours were coagulase-negative staphylococci and/or
corynebacteria on the BBL CHROMagar MRSA medium.
If desired, a coagulase test may be performed at 24 hours on
mauve-colored colonies to increase specificity.

. Surveillance testing determines the colonization status at a

given time and could vary depending on patient treatment
(e.g. decolonization regime), patient status (e.g. not actively
shedding MRSA) or exposure to high risk environments
(e.g. contact with MRSA carrier, prolonged hospitalization).
Monitoring colonization status should be done according to
hospital policies.

Results from CHROMagar MRSA should be used as an
adjunct to nosocomial infection control efforts to identify
patients needing enhanced precautions. The test is not in-
tended to identify patients with staphylococcal infection.
Results should not be used to guide or monitor treatment
for MRSA infections. This device can be used to identify
patients for isolation or removal from isolation to control
nosocomial transmission of MRSA.

A CHROMagar MRSA negative result following a previous
positive test result may indicate treatment eradication success
or may occur due to intermittent shedding.

mecA-negative S. aureus may grow if the oxacillin or cefoxitin
MIC:s are at or near the resistant breakpoint.

Incubation in §% CO, is not recommended and may result
in false negative cultures.

. Use of phenylephrine hydrochloride, a component of some

nasal sprays, at a concentration of >10% shows an inhibi-
tory effect on organism growth that is unrelated to medium
performance.



9. Rare strains of MRSA have demonstrated sensitivity to the
CHROMagar MRSA base. This sensitivity is unrelated to
methicillin resistance, but is due to a component in the base.
As a result, these strains may appear as falsely susceptible to
methicillin.
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CHROMagar™ MRSA I

Intended Use

BBL™ CHROMagar™ MRSA 1I is a selective and differential
medium for the direct detection of methicillin-resistant Staphy-
lococcus aureus (MRSA) from clinical specimens. The test can be
performed on nares and alternative body sites. For more product
information, contact your local BD office (Europe only).

CHROMagar™ 0157

Intended Use

BBL™ CHROMagar™ 0157 is a selective medium for the isola-
tion, differentiation and presumptive identification of Escherichia
coli O157:H7 from human clinical stool specimens.

BBL"™ CHROMagar™ 0157 is a selective medium for the isola-
tion, differentiation and presumptive identification of Escherichia
coli 0157:H7 from food, veterinary and environmental sources

Escherichia coli 0157
ATCC™ 43895

Enterobacter
cloacae (blue)
ATCC™ 13047

Escherichia coli
0157 (mauve)
ATCC™ 43895

CHROMagar 0157

Availability
BBL™ CHROMagar™ MRSA
United States and Canada

Cat. No. 215084  Prepared Plates — Pkg. of 20 plates*
215181  Prepared Plates — Ctn. of 100 plates*

Mexico

Cat. No. 252742  Prepared Plates — Pkg. of 10 plates*

*Store at 2-8°C.

Availability
BBL™ CHROMagar™ MRSA I

Europe only
Cat. No. 257434  Prepared Plates — Pkg. of 20*
257435  Prepared Plates — Ctn. of 120*

*Store at 2-8°C.

and has been validated by the AOAC™ Research Institute under
the Performance Tested Methods™ Program for the analysis of
raw ground beef and unpasteurized apple cider.

*U.S. Patent No. 6,165,743.

Summary and Explanation

E. coli O157:H7 is the most frequently isolated pathogen from
bloody stools.!* However, absence of bloody diarrhea does not
rule out the presence of E. coli O157:H7.* This serotype causes
a broad range of illness from mild non-bloody diarrhea to severe
bloody diarrhea (hemolytic colitis), hemolytic uremic syndrome
and death."? The isolation of E. coli O157:H7 exceeds that of
some other common enteric pathogens, especially Shigella in
many areas and age groups. Transmission most often occurs
through ingestion of raw or undercooked beef; other foods have
also been implicated."? In addition, transmission may occur
person to person, as well as from recreational water sources.'

CHROMagar O157 is intended for the isolation, differentia-
tion and presumptive identification of E. coli O157:H7. Due to
the chromogenic substrates in the medium, colonies of E. coli
O157:H7 produce a mauve color, thus allowing presumptive
identification from the primary isolation plate and differentia-
tion from other organisms. In samples with low numbers of
E. coli 0157:H7, enrichment methods may be helpful prior to
inoculating medium.

BBL CHROMagar O157 has been validated by the AOAC-
Research Institute under the Performance Tested Methods Pro-
gram.’ BBL CHROMagar O157 was evaluated for the detection
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of E. coli O157:H7 in raw ground beef and unpasteurized apple
cider using seeded samples. The recovery of E. coli O157:H7
on BBL CHROMagar 0157 was compared to the FDA/BAM,
USDA/FSIS and ISO reference plated media. The reference
recommended enrichment and screening procedures were fol-
lowed for the reference media and BBL CHROMagar 0157.
Immunomagnetic separation (IMS) was performed according to
the USDA and ISO methods. Of the 180 food samples tested,
45 were tested using FDA BAM and USDA FSIS methods, and
90 were tested using ISO methods. BBL CHROMagar 0157
produced a sensitivity of 100% and a specificity of 100% as com-
pared to the reference methods for both food matrices. No false
negatives were found in testing the food matrices. No statistical
difference was found in recovery using the BBL CHROMagar
0157 method compared to the reference plated media based
on Chi-square analysis. Known isolates, including 54 strains
of E. coli O157:H7 (three of which were non-motile strains)
and 32 non-E. coli O157:H7 strains, were evaluated on BBL
CHROMagar 0157 with a sensitivity and specificity of 100%.
The results of these studies demonstrate that BBL CHROMagar
0157 is an effective medium for the recovery and detection of
E. coli O157:H7 in raw ground beef and unpasteurized apple
cider using FDA BAM, USDA FSIS and ISO methods.

Principles of the Procedure

CHROMagar 0157 was originally developed by A. Rambach,
CHROMagar, Paris, France. BD, under a licensing agreement,
has optimized this formulation utilizing proprietary intellectual
property used in the manufacturing of BBL CHROMagar 0157
prepared plated medium.

Specially selected Difco™ peptones supply the nutrients. The
addition of potassium tellurite, cefixime and cefsulodin reduces
the number of bacteria other than E. coli O157:H7 that grow on
this medium. The chromogen mix consists of artificial substrates
(chromogens), which release an insoluble colored compound
when hydrolyzed by a specific enzyme. E. coli O157:H7 utilizes
one of the chromogenic substrates producing mauve colonies.
The growth of mauve colonies is considered presumptive for
E. coli O157:H7 on BBL CHROMagar O157. Non-E. coli
O157:H7 bacteria may utilize other chromogenic substrates
resulting in blue to blue-green colored colonies or, if none of the
chromogenic substrates are utilized, colonies may appear as their
natural color. This facilitates the detection and differentiation
of E. coli O157:H7 from other organisms.

Sample Collection and Handling
For clinical specimens, refer to lab procedures for details on
specimen collection and handling procedures.

For agrifood or other industrial samples, follow appropriate
standard methods for details on sample preparation and process-
ing according to sample type and geographic location.

Procedure
For clinical specimens, as soon as possible after receipt in the
laboratory, inoculate onto a BBL CHROMagar O157 plate and

streak for isolation. If the specimen is cultured from a swab,
roll the swab over a small area of the surface at the edge, then
streak from this area with a loop. Incubate plates aerobically
at 35 = 2°C for 18-24 hours in an inverted position (agar-side
up). Plates are not to be incubated beyond the 24-hour time
period prior to reading. Interpretation of plate results must be
completed within 18-24 hours after inoculation of the BBL
CHROMagar 0157 plate.

For food samples, consult appropriate references®® and follow
applicable standard methods. Inoculate incubated enrichment
broth or screened food sample particle onto BBL CHROMagar
0157 and streak for isolation. Incubate plates aerobically at
35 +2°C for 18-24 hours in an inverted position (agar-side up).

Expected Results

After proper incubation, read plates against a white background.
Interpretation of plate results must be completed within 18-24
hours after inoculation of the BBL CHROMagar O157 plate.
E. coli 0157:H7 will produce mauve-colored colonies on BBL
CHROMagar 0157 medium. All mauve colonies should be
confirmed biochemically and/or serologically prior to report-
ing as E. coli O157:H7.3¢% Gram-positive organisms should
be completely inhibited. Gram-negative organisms, other than
E. coli O157:H7, will either be inhibited or produce colorless,
blue, green, blue-green (aqua) or natural color colonies.

Limitations of the Procedure

1. BBL CHROMagar O157 does not detect enterohemorrhagic
or enteropathogenic serotypes of E. coli other than O157:
H7, since they may differ biochemically. B-glucuronidase-
positive strains of E. coli 0157:H7 will not be detected on
BBL CHROMagar O157; however, such strains are rare.

2. BBL CHROMagar O157 does not differentiate between
toxin-producing and non-toxin-producing strains of E. coli
0O157:H7.

3. Organisms other than E. coli O157:H7, such as Proteus spp.
may grow on this medium; however, they generally produce
a different color. If unisolated mauve colonies are observed,
isolation can be achieved by subculturing to another BBL
CHROMagar 0157 plate. Rare strains of E. coli (biochemi-
cally similar to Shigella) have been found that produce false
positive results on BBL CHROMagar O157.

4. Confirmatory tests are necessary for definitive identifica-
tion. >

5. Incubation at lower than recommended temperatures may
delay detection of positive reactions. If the incubation tem-
perature is below 35 + 2°C, the plates should be incubated
a full 24 hours before reporting as negative.’

6. Platesare not to be incubated beyond the 24-hour time period
prior to reading.

7. For clinical specimens, internal cross reactivity testing has
demonstrated that Salmonella serotype Heidelberg exhib-
ited mauve colonies when plated on BBL CHROMagar
0157 medium. As recommended, all mauve colonies should
be confirmed by biochemical or serological testing prior to
reporting results.
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CHROMagar™ Orientation

Intended Use

BBL"™ CHROMagar™ Orientation* medium is a nonselective
medium for the isolation, differentiation and enumeration of
urinary tract pathogens. BBL CHROMagar Orientation medium
allows for the differentiation and identification of Escherichia
coli and Enterococcus without confirmatory testing.

*U.S. Patent Nos. 5,716,799 and 5,962,251

Summary and Explanation

Escherichia coli, enterococci, the Klebsiella-Enterobacter-
Serratia (KES) and the Proteus-Morganella-Providencia (PMP)
groups are frequently encountered organisms in urinary tract
infections (UTI). Most UTIs are caused by E. coli alone, or in
combination with enterococci. Staphylococcus saprophyticus
and Streptococcus agalactiae may be isolated from females,
although less frequently.

Mixed Bacterial Colonies
Enterococcus faecalis

(blue-green)
ATCC™ 29212

Escherichia coli (rose)
ATCC™ 25922

Proteus
mirabilis (beige)
ATCC™ 43071

CHROMagar Orientation

Availability
BBL™ CHROMagar™ 0157

CCAM
United States and Canada

Cat. No. 214984  Prepared Plates - Pkg. of 20*
Europe

Cat. No. 254105 Prepared Plates - Pkg. of 20*
Japan

Cat. No. 251361 Prepared Plates — Pkg. of 20*

251362  Prepared Plates — Ctn. of 100*

Mexico

Cat.No. 252717  Prepared Plates - Pkg. of 10*

*Store at 2-8°C.

Due to the different antimicrobial susceptibility patterns of
the microorganisms involved, identification to the species
level is necessary for effective antimicrobial therapy. The most
frequently isolated species or organism groups produce charac-
teristic enzymes. Thus, it is possible to identify these organisms to
the species level with a limited number of substrate fermentation
or utilization tests.!

Some of the organisms encountered in UTTs produce enzymes
either for the metabolism of lactose or glucosides or both. Other
organisms produce none of these enzymes. For example, E. coli
contains enzymes for lactose metabolism but is p-glucosidase
negative. Some members of the family Enterobacteriaceae are
B-glucosidase positive but do not contain enzymes necessary
for lactose fermentation; others may contain both types of
enzymes or none of them. B-glucosidases are also found in
gram-positive cocci, such as S. agalactiae and enterococci.

Enterococcus feacalis
ATCC™ 29212

Escherichia coli
ATCC™ 25922
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Tryptophan deaminase (TDA) is an enzyme characteristically
found in the Proteus-Morganella-Providencia group.

BBL™ CHROMagar™ Orientation medium was developed by
A. Rambach and is sold by BD under a licensing agreement with
CHROMagar, Paris, France.

Principles of the Procedure

Specially selected peptones supply the nutrients in BBL
CHROMagar™ Orientation medium. The chromogen mix
consists of artificial substrates (chromogens) which release
differently colored compounds upon degradation by specific
microbial enzymes, thus assuring the differentiation of certain
species or the detection of certain groups of organisms, with only
a minimum of confirmatory tests. Proteus swarming is partially
to completely inhibited.

™

Procedure

A dilution of the specimen on the plate (by using calibrated
loops or other techniques commonly used for plating urine
specimens) is required to obtain isolated colonies with
typical colors and morphology. Incubate plates aerobically at
35 = 2°C for not less than 20-24 hours in an inverted position
(agar-side up). Do not incubate in an atmosphere supplemented
with carbon dioxide. Avoid exposure to light during incubation
as light may destroy the chromogens. Once the colony color
develops, exposure to light is permissible.

Expected Results
After incubation, the plates should show isolated colonies in the
areas where the inoculum was diluted appropriately.

Typical colony appearance on BBL™ CHROMagar™ Orientation
medium is as follows:
E COlicvviiiiiiiiiiiiiii Dark rose to pink, transparent

colonies, with or without
halos in the surrounding

medium

KES group....c.coovvieiieiiceeiee Medium-blue to dark blue
colonies

PMP group......cccceveiieiciicaeene Pale to beige colonies

surrounded by brown halos*

Blue-green small colonies

Blue-green to light blue,

pinpoint to small colonies,

with or without halos

S. saprophyticus (most strains) ..... Light pink to rose, small
opague colonies with or
without halos

Other including yeasts................. Natural (cream) pigmentation

Enterococcus
S. agalactiae

* About 50% of P. vulgaris strains produce blue colonies on a brownish medium.
Key: KES = Klebsiella-Enterobacter-Serratia group;
PMP = Proteus-Morganella-Providencia group.

Clinical studies have demonstrated that BBL™ CHROMagar™
Orientation medium has advantages over other differential
media used in the isolation, differentiation and enumeration of
UTI pathogens, such as CLED Agar or a combination of Blood
and MacConkey Agars.** BBL™ CHROMagar™ Orientation
medium allows the differentiation of E. coli and enterococci
without confirmatory testing. Presumptive identification of
S. saprophyticus, S. agalactiae, Klebsiella-Enterobacter-Serratia
(KES) and the Proteus-Morganella-Providencia (PMP) groups

is possible by means of colony morphology, pigmentation and
medium discoloration.

Limitations of the Procedure

1. As this medium is nonselective, other UTI pathogens will
grow. Colonies that show their natural color and do not
react with the chromogenic substrates must be further
differentiated with appropriate biochemical or serological
tests to confirm identification.

2. E. coli colonies that are dark rose to pink but are pinpoint
to small in size, require additional confirmatory tests such
as spot indole (DMACA indole reagent).

3. Gram-negative organisms other than those belonging to
the KES group may produce large blue colonies and thus
require other biochemical tests for identification.

4. In very rare cases, Listeria monocytogenes or other Listeria
species may be present in urine (e.g., after abortion due
to these agents). Listeria will produce blue to blue-green
colonies that are PYR-negative, mimicking Streptococcus
agalactiae. Therefore, it may be useful to perform a Gram
stain of organisms producing small, blue to blue-green
colonies on this medium that are PYR negative. The
presence of gram-positive bacilli may be indicative of
Listeria species, but additional biochemical tests are
necessary to confirm their identification.

5. Very rarely, isolates of Aeromonas hydrophila may produce
rose colonies. They may be differentiated from E. coli with
the oxidase test (Aeromonas is positive; E. coli is negative).

6. This medium will not support the growth of fastidious
organisms, such as Neisseria spp., Haemophilus spp. or
Mycoplasma spp.

7. Use of this medium for nonclinical or clinical specimens other

than urine has not been documented.

Minimize exposure to light before and during incubation, as

light may destroy the chromogens. Keep plates within the

original sleeve wrapping and cardboard box for the entire
storage period.

[ee)
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Availability
BBL™ CHROMagar™ Orientation
United States and Canada

Cat. No. 254102 Prepared Plates — Pkg. of 20*
215081  Prepared Plates — Ctn. of 100*

Europe

Cat. No. 254107 Prepared Plates — Ctn. of 120*

Japan

Cat.No. 251781 Prepared Plates — Pkg. of 20*
252086  Prepared Plates — Ctn. of 100*

Mexico

Cat. No. 252631 Prepared Plates — Pkg. of 10*

BBL™ CHROMagar™ Orientation//BBL™ Trypticase™
Soy Agar with 5% Sheep Blood (TSA II)

Cat. No. 222239  Prepared I Plate™ Dishes — Ctn. of 100*
*Store at 2-8°C.



CHROMagar™ Salmonella

Intended Use

BBL™ CHROMagar™ Salmonella™ is a selective and differential
medium for the isolation and presumptive identification of
Salmonella species from other coliform and non-coliform bacte-
ria in clinical stool samples and a variety of food samples.

BBL"™ CHROMagar™ Salmonella, prepared plated medium, and
Difco™ CHROMagar"™ Salmonella, dehydrated culture medium,
have been validated by the AOAC™ Research Institute under
the Performance Tested Methods™ program for the analysis of
raw ground beef, raw chicken, raw fish, lettuce and shell eggs.
ISO, USDA/FSIS and FDA/BAM methods were used for method
comparison testing."* CHROMagar Salmonella was found to be
equivalent to the plated media recommended in the ISO, FDA
and USDA methods.

*U.S. Patent Nos. 5,098,832 and 5,194,374

Summary and Explanation

Salmonella is ubiquitous in animal populations and is generally
isolated from the intestinal tract of animals and humans. It is
one of the most prevalent organisms associated with foodborne
illnesses, which is often linked to animal origin.* Illnesses caused
by Salmonella have been associated with poultry, beef, chocolate,
dairy and vegetable products.®

User Quality Control

Identity Specifications
Difco™ CHROMagar™ Salmonella

Dehydrated Appearance:  Free-flowing, homogeneous, very pale to light
yellow to tan or very pale pink.

Solution: 3.74% solution, soluble in purified water upon
boiling.

Prepared Appearance: Light to medium yellow to tan or very pale pink
with no significant precipitate.

Reaction of 3.74%

Solution at 25°C: pH7.6+0.2

Cultural Response

Difco™ CHROMagar™ Salmonella

Prepare the medium per label directions. Inoculate and incubate at 35 + 2°C
for 18-24 hours, up to 48 hours for Salmonella strains.

INOCULUM
ORGANISM ATCC*  CRU RECOVERY  COLONY COLOR
Citrobacter freundii 8090 10%10° Good Blue to
blue-green

Escherichia coli 25922 10%10° Partial to Blue to

complete inhibition  green-blue
Salmonella enterica
subsp. enterica
serotype Enteritidis 13076  10°-10* Good Mauve
Salmonella enterica
subsp. enterica
serotype Typhimurium 14028  103-10* Good Mauve
Staphylococcus Partial to
aureus 25923  10*10° complete inhibition ~ Cream

CHROMagar Salmonella

CHROMagar Salmonella is intended for the isolation and dif-
ferentiation of Salmonella species. The addition of chromogenic
substrates in the medium facilitates detection of Salmonella
species from other flora.

CHROMagar Salmonella was originally developed by A.
Rambach, CHROMagar, Paris, France. BD, under a licensing
agreement, has optimized this formulation utilizing proprietary
intellectual property used in the manufacturing of the BBL
CHROMagar Salmonella prepared plated medium using the
Difco CHROMagar Salmonella dehydrated culture medium
formulation.

CHROMagar Salmonella media (prepared plates and dehy-
drated) have been validated by the AOAC Research Institute
under the Performance Tested Methods Program for testing a
variety of food types, including raw ground beef, raw chicken,
raw fish, lettuce and shell eggs.® The prepared plates and plates
made from the dehydrated culture medium were compared to
the USDA/FSIS and FDA/BAM reference methods. The prepared
plates were also compared to the ISO reference media. BBL
CHROMagar Salmonella prepared plates performed as well
as the reference media in all of the food samples with 100%
agreement for each of the three methods. The dehydrated

Salmonella Typhimurium
ATCC™14028
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CHROMagar Salmonella, cont.

medium also produced 100% agreement versus the FDA/BAM
and USDA/FSIS reference media. The results of this study dem-
onstrate that BBL CHROMagar Salmonella prepared plates
and Difco CHROMagar Salmonella dehydrated culture medium
are effective for the isolation and presumptive identification of
Salmonella in raw chicken, raw ground beef, raw fish, lettuce
and shell eggs.

In a separate study, Cox and Bailey compared BBL CHROMagar
Salmonella to the USDA/FSIS reference methods for detection
of Salmonella in rinses of whole chicken carcasses.” Based on
480 samples, CHROMagar Salmonella produced a sensitivity
of 96.7% when compared to the two standard media combined
(Brilliant Green Sulfa Agar and Modified Lysine Iron Agar). The
researchers concluded that CHROMagar Salmonella is a feasible
single plate method for the detection of Salmonella from whole
chicken carcass rinses.”

Principles of the Procedure

Specially selected peptones supply the nutrients. Gram-positive
organisms are generally inhibited as a result of the selective medi-
um base. The addition of an antifungal agent prevents the growth
of Candida species and other antimicrobial agents are used to
inhibit the growth of gram-negative, non-glucose fermenting
bacteria and Proteus species, which could potentially overgrow
Salmonella colonies. A chromogenic mixture is included in
the medium. Due to metabolic differences in the presence of
selected chromogens, colonies of Salmonella species appear mauve
(rose to purple) in color, whereas undesired bacteria are either
inhibited, or produce blue-green or colorless colonies.

Formula
Difco™ CHROMagar™ Salmonella
Approximate Formula* Per Liter

ChromopeptoNe .......cooieiiiieeee e 220 g
ChromOgeniC MIX......ccviiuieiiiiieit et 034 g
AGAI e 150 ¢

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 37.4 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. DO NOT AUTOCLAVE. Cool to 45-50°C.

4. Aseptically add the following: Sodium Novobiocin (0.01 g/L),
Cefsulodin (0.006 g/L), and Amphotericin B (0.004 g/L). If
stock solutions are prepared, add 1 mL of each stock solution
per liter of medium.

5. Mix well and dispense approximately 20 mL per Petri dish.

6. Immediately after plates have been poured and have solidified,
protect from light. Store and incubate plates in the dark.

7. Test samples of the finished product for performance using
stable, typical control cultures.

Directions for the Preparation

of Antibiotic Stock Solutions

Novobiocin Stock Solution: Dissolve 0.2 g of novobiocin into
20 mL of purified water and filter sterilize into a sterile tube/bottle.
Aseptically add 1 mL of stock solution per liter of medium.

Cefsulodin Stock Solution: Dissolve 0.3 g of cefsulodin into
50 mL of purified water and filter sterilize into a sterile tube/bottle.
Aseptically add 1 mL of stock solution per liter of medium.

Amphotericin B Stock Solution: Dissolve 0.44 g of amphotericin
B into 100 mL of purified water and filter sterilize into a sterile
tube/bottle. Aseptically add 1 mL of stock solution per liter of
medium.

Sample Collection and Handling
For clinical specimens, refer to laboratory procedures for details
on specimen collection and handling.

For food samples, follow appropriate standard methods for
details on sample collection and preparation according to sample
type and geographic location.

Procedure

For clinical specimens, as soon as possible after receipt in
the laboratory, inoculate the specimen onto a CHROMagar
Salmonella plate and streak for isolation. If the specimen is
cultured from a swab, roll the swab gently over a small area of
the surface at the edge, then streak from this area with a loop.
Incubate plates aerobically at 35 + 2°C in an inverted position
(agar-side up) for 24 hours. If negative at 24 hours, reincubate
for an additional 24 hours to report final results. Once the colony
color develops, exposure to light is permissible. Typical colonies
of Salmonella should be subjected to confirmatory biochemical
or serological testing.

For food samples, follow sample preparation methodology as
outlined in USDA/FSIS’s Microbiology Laboratory Guidebook:
Isolation and Identification of Salmonella from Meat, Poultry,
and Egg Products, FDA/BAM’s chapter on Salmonella, 1SO
guidelines or the procedure guidelines appropriate to sample
type and geographic location.

Inoculate the incubated enrichment broth sample onto a
CHROMagar Salmonella plate. Streak for isolation and incu-
bate plates aerobically at 35 = 2°C in an inverted position (agar
side up) for 24 hours. If negative at 24 hours, reincubate for
an additional 24 hours to report final results. Typical colonies
of Salmonella growing on CHROMagar Salmonella should
be subjected to confirmatory testing as outlined in ISO, USDA/
FSIS and FDA/BAM procedures.'

Expected Results

After proper incubation, read plates against a white background.
Salmonella Typhimurium and other Salmonella species will
appear as light mauve to mauve-colored colonies, with the
exception of Salmonella enterica subspecies arizonae and other
Salmonella species positive for lactose and beta-glucosidase.



Those isolates will appear as blue-violet or purple colonies.
Citrobacter and other coliforms will appear as light blue-green
to blue-green colored colonies. Some organisms that do not
hydrolyze any of the chromogenic compounds may appear as
colorless colonies.

Limitations of the Procedure

1. Occasionally strains of Aeromonas hydrophila, Hafnia alvei,
Pseudomonas aeruginosa, P. putida, Acinetobacter species,
or Candida species may not be completely inhibited and
colonies may exhibit light mauve to mauve pigmentation.

2. Confirmatory tests that use mauve or purple as an indicator
color reaction may be difficult to interpret due to the actual
colony color.

3. Rare strains of the following organisms: S. Typhi, S. Paratyphi
A, S. Typhimurium, S. Choleraesuis, S. Minnesota, S. enterica
subsp. arizonae, and S. Pullorum may fail to grow or have
reduced growth on this medium. This is strain specific and
the majority of the strains tested of each of these serovars
were recovered.

4. CHROMagar Salmonella is not designed for the isolation
of intestinal pathogens other than Salmonella. When testing
some samples, a purple discoloration of the medium, without
detectable colony growth, may be observed. This should be
considered a negative result.

5. Minimize exposure of CHROMagar Salmonella to light
before and during incubation, as light may destroy the chro-
mogens. Keep plates within the original sleeve wrapping and
cardboard box for the entire storage period.

6. Incubation in CO, is not recommended.

CHROMagar™ Staph aureus

Intended Use

BBL™ CHROMagar™ Staph aureus™ is a selective medium for
the isolation, enumeration and identification of Staphylococcus
aureus from clinical and food sources. Confirmatory testing of
typical isolates from clinical sources is not required.

BBL™ CHROMagar™ Staph aureus (prepared plated medium)
has been validated by the AOAC™ Research Institute under
the Performance Tested Methods™ Program for the analysis of
shell eggs, smoked salmon and cooked roast beef when using
AOAC and ISO methods.»* Confirmatory testing of mauve-
colored colonies obtained from the food matrices mentioned
above is required.

*U.S. Patent No. 6,548,268

Summary and Explanation

S. aureus is a well documented pathogen. It is responsible for
infections ranging from superficial to systemic.>* Due to the
prevalence of this organism and its clinical implications, detec-
tion is of utmost importance.

CHROMagar Staph aureus
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Availability
Difco™ CHROMagar™ Salmonella
Cat. No. 214925 Dehydrated —374 g (10 L)

BBL™ CHROMagar™ Salmonella
United States and Canada

Cat. No. 214983 Prepared Plates — Pkg. of 20*
Europe
Cat. No. 254104  Prepared Plates — Pkg. of 20*
Japan
Cat. No. 251356 Prepared Plates — Pkg. of 20*
251357  Prepared Plates — Ctn. of 100*
251364  Prepared RODAC™ Plates — Pkg. of 30*
Mexico
Cat. No. 252716  Prepared Plates — Pkg. of 10*
BBL™ CHROMagar™ Salmonella//BBL™ XLD Agar
Europe
Cat.No. 257372  Prepared I Plate™ Dishes — Pkg. of 20*

*Store at 2-8°C.

Staphylococcal food poisoning caused by S. aureus is one of
the most common types of foodborne illness worldwide. Its
detection and enumeration help provide information about the
potential health hazard of food, as well as being an indicator
of poor hygiene.’ It is also recommended that this organism be
used as an indicator of water quality.®

BBL CHROMagar Staph aureus is intended for the isolation,
enumeration and identification of S. aureus based on the formation
of mauve-colored colonies. The addition of chromogenic sub-
strates to the medium facilitates the differentiation of S. aureus
from other organisms. An advantage BBL CHROMagar Staph
aureus has over some traditional media, such as Baird-Parker
Agar, is the ability to identify S. aureus in 24 hours as opposed
to 48 hours.

BBL CHROMagar Staph aureus has been validated by the
AOAC Research Institute under the Performance Tested Methods
Program.” The medium was evaluated for the recovery and
enumeration of S. aureus in cooked roast beef, smoked salmon
and shell eggs. The recovery and enumeration of S. aureus on
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BBL CHROMagar Staph aureus was compared to the AOAC
and ISO reference plated medium, Baird-Parker Agar, using
the recommended diluents at low, medium and high inoculum
levels of S. aureus. After 24 hours of incubation, enumeration
was performed on BBL CHROMagar Staph aureus and after
48 hours on Baird-Parker Agar.

Based on statistical analysis, no significant difference was found
between the reference methods and the BBL CHROMagar
Staph aureus method for any food type or contamination level,
with the exception of a low-level smoked salmon sample. The low
contamination level of smoked salmon demonstrated a statistical
difference in internal testing using the ISO method; i.e., the
BBL CHROMagar Staph aureus method at 24 hours recovered
more colonies (log,, 2.04) than the ISO reference at 48 hours
(log,, 1.64). The repeatability precision estimates of the BBL
CHROMagar Staph aureus method were satisfactory. The corre-
lation coefficients ranged from 92.6% to 99.4%, demonstrating
good correlation for all contamination levels in all food types.
No false-positive colonies were recovered from the food matrices
using BBL CHROMagar Staph aureus, and all mauve colonies
were confirmed as S. aureus with no discrepancies. Known
isolates, including 30 strains of S. aureus (several of which were
enterotoxin-producing strains) and 37 non-S. aureus isolates
were evaluated producing both a sensitivity and specificity of
100% on BBL CHROMagar Staph aureus. The results of these
studies demonstrate that BBL CHROMagar Staph aureus can be
used for the isolation, enumeration and presumptive identifica-
tion of S. aureus in cooked roast beef, smoked salmon and shell
eggs using AOAC and ISO methods.

Staphylococcus aureus
ATCC™ 25923

Principles of the Procedure

BBL CHROMagar Staph aureus was originally developed by
A. Rambach, CHROMagar, Paris, France. BD, under a licensing
agreement, has optimized this formulation utilizing proprietary
intellectual property used in the manufacturing of the BBL
CHROMagar Staph aureus prepared plated medium.

Specially selected Difco™ peptones supply nutrients. The ad-
dition of selective agents inhibits the growth of gram-negative
organisms, yeast and some gram-positive cocci. The chromogen
mix consists of artificial substrates (chromogens), which release
an insoluble colored compound when hydrolyzed by specific
enzymes. This facilitates the detection and differentiation of
S. aureus from other organisms. S. aureus utilizes one of the
chromogenic substrates, producing mauve-colored colonies. The
growth of mauve-colored colonies at 24 hours is considered posi-
tive for S. aureus on BBL CHROMagar Staph aureus. Bacteria
other than S. aureus may utilize other chromogenic substrates
resulting in blue, blue-green, or if no chromogenic substrates
are utilized, natural colored colonies.

Sample Collection and Handling
For clinical specimens, refer to laboratory procedures for details
on specimen collection and handling.

For food samples, follow appropriate standard methods for
details on sample collection and preparation according to sample
type and geographic location.

Procedure

For clinical specimens, as soon as possible after receipt in the
laboratory, inoculate onto a BBL CHROMagar Staph aureus
plate and streak for isolation. If the specimen is cultured from
a swab, roll the swab gently over a small area of the surface at
the edge, then streak from this area with a loop. Incubate plates
aerobically at 35 = 2°C for 20-24 hours in an inverted position
(agar-side up).

For food samples, consult appropriate references and follow
applicable standard methods. Inoculate the homogenized food
samples onto BBL CHROMagar Staph aureus using the spread
plate technique. Incubate plates aerobically at 35-37°C for 20-28
hours in an inverted position (agar-side up).

Expected Results

After proper incubation, read plates against a white background.
S. aureus produces mauve to orange-mauve colored colonies on
the BBL CHROMagar medium. Most gram-positive organisms,
if not inhibited, will produce blue, blue-green or natural color
(colorless, white or cream) colonies. Gram-negative organisms
and yeasts are partially to completely inhibited.

Limitations of the Procedure

1. Occasional strains of staphylococci, other than S. aureus, such
as S. cobnii, S. intermedius and S. schleiferi, as well as coryne-
bacteria and yeasts, may produce mauve-colored colonies at
24 hours.® Differentiation of S. aureus from non-S. aureus can



be accomplished by coagulase, other biochemicals or Gram
stain. Resistant gram-negative bacilli, which typically appear
as small blue colonies, may also breakthrough.

2. Incubation beyond 24 hours (clinical) and 28 hours (food) is
not recommended due to an increase in potential false posi-
tives. If incubation time is exceeded, mauve-colored colonies
should be confirmed prior to reporting as S. aureus.

3. Incubation for less than the recommended 20 hours may result
in a lower percentage of correct results being obtained.

4. Due to the natural golden pigment of some S. aureus strains,
colony color may appear orange-mauve.
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Availability
BBL™ CHROMagar™ Staph aureus
United States and Canada

Cat. No. 214982  Prepared Plates — Pkg of 20*

Europe

Cat. No. 257074 Prepared Plates — Pkg. of 20*
257099  Prepared Plates — Ctn. of 120*

Mexico

Cat.No. 252715 Prepared Plates — Pkg. of 10*

*Store at 2-8°C.

Clostridium Difficile Selective Agar

Intended Use

Clostridium Difficile Selective Agar (CDSA) is recommended as
a selective and differential medium for the primary isolation of
Clostridium difficile from fecal specimens.

Summary and Explanation

CDSA is a selective and differential medium developed by BD
Diagnostic Systems. It permits superior recovery of C. difficile,
with equivalent to better inhibition of normal flora when
compared to CCFA (cycloserine-cetoxitin-fructose agar). As
growth of C. difficile occurs, the pH of the medium is raised
causing the neutral red indicator to turn yellow.

Clostridium difficile
ATCC™ 9689 —~

Ambient Light

Ultraviolet Light

Principles of the Procedure

CDSA employs a peptone base with 0.6% mannitol. Ingre-
dients have been optimized to improve recovery and colony
size of C. difficile. Amino acids present in the agar base are
utilized by C. difficile causing an increase in pH. The colony and
surrounding medium change color from rose to yellow as the
pH rises. Mannitol is utilized by fewer Clostridium species than
fructose and improves the recovery of C. difficile. Cefoxitin and
cycloserine are incorporated to inhibit normal fecal flora. These
antibiotics have a broad range of antimicrobic activity against
aerobic, anaerobic and facultatively anaerobic gram-positive and
gram-negative bacteria while permitting recovery of C. difficile.
C. difficile colonies produce yellow fluorescence when viewed
with long-wave UV light.

Procedure

As soon as possible after receipt in the laboratory, inoculate the
specimen onto a reduced CDSA plate and streak for isolation.
As some strains of C. difficile may not grow well due to the
selective properties of the medium, it is advisable to include a
nonselective medium, such as CDC Anaerobe Blood Agar.

Media should be reduced prior to inoculation by placing under
anaerobic conditions for 6-24 hours prior to use.! An efficient
and easy way to obtain suitable anaerobic conditions is through
the use of GasPak™ EZ anaerobic systems or other alternative
anaerobic systems.

Incubate immediately under anaerobic conditions or place in
a holding jar flushed with oxygen-free gas(es) until sufficient
plates are accumulated (but no longer than 3 hours).? Incubation
should be at 35 = 2°C for at least 48 hours.
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Expected Results

After 48-72 hours of incubation, Clostridium difficile will
appear as flat to low umbonate, yellow colonies with a ground
glass-like appearance and a slightly filamentous edge. C. dif-
ficile colonies may be surrounded by a yellow zone of about
2-3 mm, depending on colony size and incubation time.
Growth may be examined with a long-wave UV light for yellow
fluorescence within 1 hour of removal from the anaerobic
atmosphere. After exposure to air, colonies may become
nonviable, which is usually accompanied by reversal of the
color change to pink and a loss of fluorescence. Since some
facultative anaerobic organisms potentially could produce
reactions similar to C. difficile, it is recommended that an
aerobically incubated plate be utilized in order to confirm that
the isolate is an obligate anaerobe.

Limitations of the Procedure

This prepared plated medium is intended for primary isolation.
Some diagnostic tests may be performed with growth from the
primary plating medium. For identification, the organism must

Coagulase Mannitol Agar

Intended Use

Coagulase Mannitol Agar is used for the differentiation of
Staphylococcus aureus from other species based on coagulase
production and mannitol utilization.

Summary and Explanation

Staphylococci, both coagulase-positive and coagulase-negative
Staphylococcus species (CoNS), have major medical significance.!
Coagulase-producing staphylococci (S. aureus) may be differenti-
ated and presumptively identified with this medium based on
production of coagulase and mannitol utilization.

Chapman introduced the first selective medium for isolating
and differentiating staphylococcal species.? Several years later,
Zebovitz et al. and Marwin introduced tellurite-glycine media
designed to selectively isolate coagulase-positive staphylococcal
species.>*

Esber and Faulconer developed the formula used in this medium.’
In contrast to the earlier media, this formulation was developed
as a general-purpose medium for fastidious organisms that also
permitted differentiation of pathogenic staphylococci from other
bacteria.

Principles of the Procedure

Coagulase Mannitol Agar aids in the differentiation of
staphylococci by indicating the presence of coagulase and the
utilization of mannitol. Coagulase production is dependant on
the presence of mannitol, a protein factor in the brain heart
infusion and blood serum (plasma).’ During utilization of the
mannitol, the pH of the medium drops, causing the bromcresol
purple indicator to change from purple to yellow and producing

be in pure culture. Complete identification may be performed
using Gram reaction, cellular morphology, sensitivity to oxygen,
biochemical reactions, susceptibility to antimicrobial agents and
gas liquid chromatographic analysis of metabolic products. Some
species of clostridia (e.g., butyricum, histolyticum, innocuum,
sordellii and subterminale) may grow on this medium and
produce yellow colonies and fluorescence. Also, the isolation
of Clostridium difficile should not be relied upon for etiologic
diagnosis of pseudomembranous colitis.> Other tests, such as
ColorPAC™ C. difficile Rapid Toxin A Test or other toxin assays,
along with clinical observations should be used.*
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Availability
BBL™ Clostridium Difficile Selective Agar

Cat. No. 222228 Prepared Plates — Pkg. of 10*
*Store at 2-8°C.
User Quality Control
Identity Specifications
BBL™ Coagulase Mannitol Agar
Dehydrated Appearance:  Fine, homogeneous, free of extraneous material,
may contain some minute to very small tan
flecks.
Solution: 4.7% solution, soluble in purified water upon

boiling. Solution is medium to dark, purple, clear
to slightly hazy.
Prepared Appearance: Medium to dark, purple, clear to slightly hazy.

Reaction of 4.7%
Solution at 25°C:

pH7.3+0.2
Cultural Response
BBL™ Coagulase Mannitol Agar

Prepare the medium per label directions. Inoculate and incubate at
35 + 2°C for 18-24 hours.

INOCULUM MANNITOL ~ COAGULASE
ORGANISM* ATCC™ CFU UTILIZATION REACTION
Enterobacter 13048  10°-10*  Yellow colonies  No zone
aerogenes with or without

weak yellow zone

Proteus vulgaris 8427  10%-10% Negative No zone
Staphylococcus
aureus 13150  10%-10° Yellow zone  Opaque zone
Staphylococcus
epidermidis 12228 10%-10° Negative No zone

*Recovery of all cultures should be good.

yellow zones around these colonies. An opaque area of coagu-
lated plasma forms around the colonies of organisms that also
produce coagulase.



In contrast, a coagulase-negative species that does not utilize
mannitol, such as Staphylococcus epidermidis, does not change
the color of the medium and it remains clear. Other coagulase-
negative species may utilize mannitol and produce a yellow
zone around the colonies, but an opaque zone will not be
produced.

Formula
BBL™ Coagulase Mannitol Agar
Approximate Formula* Per Liter

Brain Heart INfUSION .........oooiviiiiiiiciceecc 50 ¢
Pancreatic Digest of Casein .........ccoocoviviiiiicicn 105 g
Papaic Digest of Soybean Meal..............ccccooeiiiiiiennn. 35 g
Sodium ChIoride ......ooiiiiiiic e 35 g
D-Mannitol ........ccooiiiiiiiiii i 100 g
AGAT 145 g
Bromcresol PUIPIe ... 0.02 g

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 47 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Autoclave at 121°C for 15 minutes.

4. Cool to 50°C and add 7-15% pretested, undiluted rabbit
coagulase plasma with EDTA. Mix gently and pour into
plates, approximately 18 mL per plate.

5. Test samples of the finished product for performance using
stable, typical control cultures.

NOTE: The use of BBL Coagulase Plasma, Rabbit with EDTA,
in place of citrated plasma, prevents false-positive coagulase
reactions by citrate-utilizing microorganisms.

Columbia Agars

Columbia Agars

Procedure

Inoculate and incubate the plates in an inverted position (agar side
up) at 35 + 2°C, and examine for growth after 18-24 hours. Avoid
prolonged incubation because it may cause the opaque zones
surrounding coagulase-positive organisms to become clear.

Expected Results

After 18-24 hours of incubation, coagulase-positive organisms
will produce opaque zones; coagulase-negative organisms will
produce no opacity. Organisms that utilize mannitol produce
yellow zones. S. aureus may be presumptively identified as those
colonies with opaque, yellow zones around them.

Limitations of the Procedure

Some old or mutant strains of S. aureus may be weak coagulase
producers or exhibit negative coagulase reactions and should
be subcultured and retested if in doubt. Escherichia coli also
uses mannitol and may be weakly coagulase-positive. Colonial
morphology and a Gram stain should readily allow for differ-
entiation from S. aureus.
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Availability
BBL™ Coagulase Mannitol Agar
Cat. No. 211116 Dehydrated - 500 g

Columbia Agar Base ¢ Columbia Blood Agar Base
Columbia Blood Agar Base EH ¢ Columbia Agar
with 5% Sheep Blood ¢ Columbia Agar with Fildes

Enrichment and Bacitracin

Intended Use

Columbia Agar Base, without or with the addition of 5%
(or 10%) sheep blood, is a highly nutritious, general-purpose
medium for the isolation and cultivation of nonfastidious and
fastidious microorganisms from a variety of clinical and non-
clinical materials.

Columbia Blood Agar Base EH (Enhanced Hemolysis) is used with
blood in isolating and cultivating fastidious microorganisms.

Columbia Agar with Fildes Enrichment and Bacitracin is
used in qualitative procedures for isolation and cultivation of
Haemophilus species from clinical specimens.

Columbia Agar Base meets United States Pharmacopeia (USP),
European Pharmacopoeia (EP) and Japanese Pharmacopoeia
(JP)*? performance specifications, where applicable.

Summary and Explanation

Ellner et al.,* in 1966, reported the development of a blood
agar formulation, which has been designated as Columbia
Agar. The base achieves the more rapid and luxuriant growth
obtained from casein hydrolysate media with the sharply defined
hemolytic reactions, more typical colonial morphology and
improved pigment production achieved with media containing
infusion peptone.
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Columbia Agars, cont.

Columbia Agar Base is utilized as the base for media containing
blood and for selective media formulations in which various
combinations of antimicrobial agents are used as additives.

Sheep blood allows detection of hemolytic reactions and supplies
the X factor (heme) necessary for the growth of many bacterial
species but lacks V factor (nicotinamide adenine dinucleotide),

User Quality Control

since it contains NADase which destroys the NAD. For this
reason, Haemophilus influenzae, which requires both the X
and V factors, will not grow on this medium. Fildes found that
supplementing nutrient agar with a digest of sheep blood sup-
plied both of these factors and the medium would support the
growth of H. influenzae.>® The inclusion of bacitracin makes

NOTE: Differences in the Identity Specifications and Cultural Response testing for media offered as both Difco™ and BBL™ brands may reflect differences in the
development and testing of media for industrial and clinical applications, per the referenced publications.

Identity Specifications
Difco™ Columbia Blood Agar Base
Dehydrated Appearance:  Beige, free-flowing, homogeneous.

Solution: 4.4% solution, soluble in purified water upon
boiling. Solution is light to medium amber,
opalescent with fine precipitate.

Prepared Appearance: Plain - Light to medium amber, slightly opalescent
to opalescent with fine precipitate.

With sheep blood - Cherry red, opaque, no
hemolysis.

Reaction of 4.4%

Solution at 25°C: pH7.3+0.2

Cultural Response

Identity Specifications

Difco™ Columbia Blood Agar Base EH

Dehydrated Appearance:  Beige, free-flowing, homogeneous.

3.9% solution, soluble in purified water upon
boiling. Solution is light to medium amber, clear
to slightly opalescent.

Plain — Light to medium amber, clear to slightly
opalescent.

With sheep blood — Medium to bright cherry red,
opaque, no hemolysis.

Solution:

Prepared Appearance:

Reaction of 3.9%

Solution at 25°C: pH7.3+0.2

Difco™ Columbia Blood Agar Base or Columbia Blood Agar Base EH
Prepare the medium per label directions without (plain) and with 5% sheep blood (SB) for Columbia Blood Agar Base and with 5% sheep blood for Columbia Blood
Agar Base EH. Inoculate and incubate at 35 + 2°C with 5-10% CO, for 18-48 hours.

ORGANISM ATCC* INOCULUM CFU  RECOVERY PLAIN  RECOVERY WITH SB HEMOLYSIS
Escherichia coli 25922 30-300 Good Good Beta
Neisseria meningitidis 13090 30-300 Good Good Gamma (none)
Staphylococcus aureus 25923 30-300 Good Good Beta
Streptococcus pneumoniae 6305 30-300 Good Good Alpha
Streptococcus pyogenes 19615 30-300 Good Good Beta

Columbia Blood Agar Base

Escherichia coli
ATCC™ 25922

Staphylococcus aureus
ATCC™ 25923

Streptococcus
pneumoniae
ATCC™ 6305

ATCC™ 19615

Streptococcus
pyogenes

Columbia Blood Agar Base EH
Staphxlococcus aureus
ATCC™ 25923

Continued



the enriched Columbia Agar medium selective for the isolation
of Haemophilus species from clinical specimens, especially from
the upper respiratory tract.”

Columbia Agar with 5% sheep blood is a general all-purpose
enriched primary isolation medium that allows growth of all
clinically significant anaerobes and facultative anaerobes.®’
Columbia Agar supplemented with 5% sheep blood is recom-
mended when processing clinical specimens for unusual organ-
isms, such as Bartonella bacilliformis, the causative agent of
Oroya fever and Peruvian wart.® Columbia Agar supplemented
with 5% sheep blood and 20 pg of ampicillin per mL is used in

Columbia Agars, cont.

isolating Aeromonas sp. from stool samples of patients showing
clinical symptoms of gastroenteritis. '’

Columbia Agar Base is used to prepare Modified Butzler Agar,
which is a selective isolation medium for the detection of ther-
motolerant Campylobacter in food and animal feed.!"! Columbia
Agar Base is a component of Oxford Medium and Columbia
Blood Agar Base is a component of Modified Oxford Medium,
both of which are used to detect Listeria monocytogenes in
food and milk samples.""** Columbia Agar is listed as one of
the recommended media for the isolation of Clostridia sp. from
nonsterile pharmaceutical products.

; ; ; Staphylococcus aureus Escherichia coli
Identity Specifications ATCC™ 25923 ey
BBL™ Columbia Agar Base
Dehydrated Appearance:  Fine, homogeneous, free of extraneous material.

Solution: 4.25% solution, soluble in purified water upon
boiling. Solution is medium, yellow to tan, hazy.

Prepared Appearance: Plain — Medium, yellow to tan, hazy.
With sheep blood — Cherry red, opaque, no
hemolysis.

Reaction of 4.25%

Solution at 25°C: pH7.3+0.2

BBL™ Columbia Agar (prepared)

Appearance: Light to dark yellow and hazy with small cream
particles in sediment; may appear as flocculation
and contain small suspended insolubles.

Reaction at 25°C: pH7.3+0.2

Cultural Response

BBL™ Columbia Agar Base

Prepare the medium per label directions without (plain) and with 5% sheep
blood (SB). Inoculate and incubate at 35 + 2°C under appropriate atmospheric
conditions for 48 hours (incubate C. jejuni at 42 + 2°C for 48-72 hours).
For Clostridium sporogenes (both strains), inoculate with fresh 24-48 hour
Reinforced Clostridial Medium cultures, in duplicate, and incubate one set at
30-35°C and the other set at 35-37°C for 48 hours.

Enterococcus
faecalis
ATCC™ 33186

ORGANISM ATCC™ INOCULUM CFU RECOVERY PLAIN RECOVERY WITH SB
Campylobacter jejuni 33291 10° N/A Good
Campylobacter jejuni 33292 10° N/A Good
Candida albicans 10231 10%-10 N/A Good
Escherichia coli 25922 10%-10* N/A Good
Listeria monocytogenes 19115 103-10° N/A Good
Pseudomonas aeruginosa 10145 10%-104 Good N/A
Shigella flexneri 12022 10%-10° Good N/A
Staphylococcus aureus 25923 10%-104 Good N/A
Streptococcus pneumoniae 6305 10%-10° Good N/A
Clostridium sporogenes 11437 <100 Growth (at 30-35°C) N/A
Clostridium sporogenes 11437 <100 Growth (at 35-37°C) N/A
Clostridium sporogenes 19404 <100 Growth (at 30-35°C) N/A
Clostridium sporogenes 19404 <100 Growth (at 35-37°C) N/A

BBL™ Columbia Agar (prepared)
Inoculate and incubate under anaerobic conditions at 30-35°C for 48 hours.

ORGANISM ATCC™ INOCULUM CFU RECOVERY
Clostridium sporogenes 11437 10-100 Growth
Clostridium sporogenes 19404 10-100 Growth
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Columbia Agars, cont.

Principles of the Procedure

Columbia Agar Base supplemented with sheep, rabbit or horse
blood derives its superior growth-supporting properties from
the combination of peptones prepared from pancreatic digest
of casein, meat peptic digest and heart pancreatic digest. Yeast
extract and corn starch are also included in the formulation
and serve as energy sources with yeast extract being a supplier
of the B-complex vitamins. Sodium chloride maintains osmotic
balance in the medium.

It should be noted that Columbia Sheep Blood Agar has a rela-
tively high carbohydrate content and, therefore, beta-hemolytic
streptococci may produce a greenish hemolytic reaction that may
be mistaken for alpha hemolysis.

Fildes enrichment is prepared by the action of the enzyme pepsin
on defibrinated sheep blood. Bacitracin is a polypeptide antibi-
otic that is active mainly against gram-positive bacteria.

Formulae
Difco™ Columbia Blood Agar Base
Approximate Formula* Per Liter

Pancreatic Digest of Casein .........cccccoevvevviiieiiiiincs 100 g
Proteose Peptone NO. 3. 50 ¢
Yeast EXTract ..o 50 g
Beef Heart, Infusion from 500 g.........cccovvvviiiiiiiiiienns 30 g
COrN STArCh...oovi 1.0 g
Sodium Chlorde ......eeeiiiiiiiiec e 50 ¢
AGAT 150 g
BBL™ Columbia Agar Base

Approximate Formula* Per Liter

Pancreatic Digest of Casein ........c.oocooviiiiiiiiie 10.0 g
Meat Peptic DigesSt.......coovviiiiiiiiiiiieee e 50 g
Yeast EXTract ......oooooiiiiiiii 50 g
Heart Pancreatic Digest ..........ooocvviiiiiiiiiccec 30 g
COrN STArCh...coiiic 1.0 g
Sodium Chloride ........oooviiiiieccee e 50 ¢
AGAT 135 g

Difco™ Columbia Blood Agar Base EH

Approximate Formula* Per Liter

PantoNe ..o 120 ¢
Bitone H PIUS......c..ooiiiiiciii e 6.0 g
Enzymatic Digest of Animal Tissue .........ccoooviiiiennnan. 30 g
STAICH Lo 1.0 g
Sodium Chlorde ......veeiiiiiiieei e 50 ¢
AGAT 120 g

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from
Dehydrated Product
1. Suspend the powder in 1 L of purified water:
Difco™ Columbia Blood Agar Base - 44 g;
BBL™ Columbia Agar Base - 42.5 g;
Difco™ Columbia Blood Agar Base EH - 39 g.
Mix thoroughly.
2. Heat with frequent agitation and boil for 1 minute to com-
pletely dissolve the powder.
3. Autoclave at 121°C for 15 minutes.
4. For preparation of blood agar, cool the base to 45-50°C and
add 5% sterile, defibrinated blood. Mix well.
5. Test samples of the finished product for performance using
stable, typical control cultures.

Sample Collection and Handling
For clinical specimens, refer to laboratory procedures for details
on specimen collection and handling.®'°

For food or milk samples, follow appropriate standard methods
for details on sample collection and preparation according to
sample type and geographic location.!"!*

For pharmaceutical samples, refer to USP General Chapter <62>
for details on the examination of nonsterile products and tests
for isolating Clostridium sp. using Columbia Agar.!

Procedure

Refer to appropriate standard references for details on test
methods to obtain isolated colonies from specimens or samples
using Columbia Agar."*'* Incubate the plates at 35 = 2°C for
18-72 hours under appropriate atmospheric conditions, or as
instructed in the standard reference."1

Since many pathogens require carbon dioxide on primary iso-
lation, plates may be incubated in an atmosphere containing
approximately 3-10% CO,.

Expected Results

After the recommended incubation period, most plates will show
an area of confluent growth. Because the streaking procedure is,
in effect, a “dilution” technique, diminishing numbers of micro-
organisms are deposited on the streaked areas. Consequently,
one or more of these areas should exhibit isolated colonies of
the organisms contained in the specimen. Further, growth of
each organism may be semi-quantitatively scored on the basis
of growth in each of the streaked areas.
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Availability

Difco™ Columbia Blood Agar Base
X E [E9

Cat. No. 279240 Dehydrated — 500 g

279220 Dehydrated - 2 kg
279230 Dehydrated — 10 kg

BBL™ Columbia Agar Base
AOAC | cOMPFJEP] 150 ] JPJ USP |

Cat. No. 211124 Dehydrated — 500 g*
211125 Dehydrated — 5 Ib (2.3 kg)*
211126  Dehydrated — 25 b (11.3 kg)*
215191  Prepared Plates — Pkg. of 20**
295661 Prepared Plates with Fildes Enrichment

and Bacitracin — Pkg. of 20*

Columbia Anaerobe

BBL™ Columbia Agar with 5% Sheep Blood

[ BS12 | CMPH2 | MCM9

United States and Canada

Cat. No. 221165 Prepared Plates — Pkg. of 20*
221263  Prepared Plates — Ctn. of 100*

Europe

Cat. No. 254005 Prepared Plates — Pkg. of 20*
254071  Prepared Plates — Ctn. of 120*

Japan

Cat.No. 251165 Prepared Plates — Pkg. of 20*

Difco™ Columbia Blood Agar Base EH

Cat. No. 279030 Dehydrated - 500 g
279010 Dehydrated — 2 kg
279020 Dehydrated - 10 kg

BBL™ Fildes Enrichment

Cat. No. 211866 Prepared Tubes, 5 mL (K Tubes) — Pkg of 10*

*Store at 2-8°C.
1QC testing performed according to USP/EP/IP performance specifications.

Columbia Anaerobe 5% Sheep Blood Agar

Intended Use
Columbia Anaerobe 5% Sheep Blood Agar is recommended for
the general cultivation of anaerobes.

Summary and Explanation

Ellner!, using Columbia Agar Base, formulated reducible
anaerobic media designed to improve recovery of anaerobes
with minimal difficulty. The reducing agents used were
cysteine, palladium chloride and dithiothreitol. The presence
of “organic” peroxides (or peroxide-like compounds) and
the redox potential (Eh) of media are important factors in the
determination of whether anaerobic organisms will grow in, or
on, a particular medium. The addition of reducing agents to the
medium reduces the inhibitory effects of the peroxides.

Principles of the Procedure

Columbia Anaerobe Sheep Blood Agar is a highly nutritious
medium due to its content of peptones, yeast extract, beef
extract, hemin, vitamin K, and sheep blood. The peptones
provide nitrogenous growth factors, carbon, sulfur and trace
ingredients. Yeast extract is an important source of B vitamins.
Sodium chloride maintains osmotic equilibrium. Sheep blood
constituents, hemin and vitamin K, provide growth factors
required by certain obligate anaerobes.”” The addition of
L-cysteine HCl and dithiothreitol facilitates the lowering of the
redox potential of medium.

Procedure
This medium should be reduced at room temperature immediately
prior to inoculation by placing under anaerobic conditions for

18-24 hours.*

Use standard procedures to obtain isolated colonies from speci-
mens. Inoculate an enrichment broth, such as BBL™ Enriched
Thioglycollate Medium, at the same time as the primary plates
to detect small numbers of anaerobes.

Incubate the plates and tubes immediately after inoculation,
with plates in an inverted position (agar side up), under anaerobic
conditions at 35°C, or place the media in a holding jar flushed
with oxygen-free gas(es) until a sufficient number of plates and
tubes is accumulated (no longer than 3 hours).® An efficient and
easy way to obtain suitable anaerobic conditions is through the
use of a BD GasPak™ EZ anaerobic system or an alternative an-
aerobic system. Incubate for at least 48 hours and, if no growth
occurs, continue incubation for up to 7 days.

Expected Results

After sufficient incubation, the plates should show isolated
colonies in streaked areas and confluent growth in areas of
heavy inoculation.

Growth in liquid media is indicated by the presence of turbidity
compared with uninoculated control.

Examine colonies using a dissecting microscope and with a
long-wave UV lamp to detect fluorescence. Colonies of the
pigmenting Porphyromonas-Prevotella species should fluoresce
orange to brick red under long-wave UV light. Fluorescence is
visible before pigmentation.

In order to determine the relationship to oxygen of each colony
type present on the medium, follow established procedures.” Those
colony types that prove to contain obligate anaerobes can be
further studied using appropriate identification methods.
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Columbia Anaerobe, cont.

Availability
BBL™ Columbia Anaerobe 5% Sheep Blood Agar

United States and Canada
Cat.No. 221928 Prepared Plates — Pkg. of 20*
221929 Prepared Plates — Ctn. of 100*

Columbia Broth

Intended Use
Columbia Broth is used for cultivating fastidious microor-
ganisms.

Summary and Explanation

Columbia Broth is prepared according to the formulation
described by Morello and Ellner.! In their study Columbia
Broth, a medium developed for blood cultures, was superior
to a commonly used general purpose broth for faster growth
of Staphylococcus aureus, Escherichia coli and streptococci
(viridans and enterococcus groups). Columbia Broth, in the
presence of CO, and supplemented with SPS, is an excellent
blood culture medium.? In the study by Morello and Ellner,!
the addition of sodium polyanetholsulfonate (SPS) in Columbia
Broth was emphasized. SPS is an anticoagulant that inhibits
serum bactericidal activity against many bacteria, inhibits
phagocytosis, inactivates complement, and neutralizes lyso-
zymes and the aminoglycoside class of antibiotics.?

Principles of the Procedure

Peptones and yeast extract provide nitrogen, carbon, vitamins
and trace nutrients essential for growth. Dextrose is added
to the formula as a carbon energy source. The medium is
buffered with Tris. Corn starch is omitted to reduce opalescence.
Cysteine is the reducing agent. Magnesium and iron are added
to facilitate organism growth.

Formula
Difco™ Columbia Broth

Approximate Formula* Per Liter

Pancreatic Digest of Casein .........cccoovveviiiiiiiine
Yeast Extract ....coooooiiiiiii
Proteose Peptone No. 3.................
Tryptic Digest of Beef Heart...........
L-Cysteine HCI ....
Dextrose .......cccc......

Sodium Chloride ..o
Magnesium Sulfate (anhydrous) ....
Ferrous Sulfate ...
Sodium Carbonate
Tris (Hydroxymethyl) Aminomethane :
Tris (Hydroxymethyl) Aminomethane HCl................... 2.86

*Adjusted and/or supplemented as required to meet performance criteria.

QLuuUuuuuuuouuouuuuauua

Japan
Cat. No. 251974  Prepared Plates — Pkg. of 10*
*Store at 2-8°C.

User Quality Control

Identity Specifications
Difco™ Columbia Broth
Dehydrated Appearance:  Light beige, free-flowing, homogeneous.

Solution: 3.5% solution, soluble in purified water upon
warming. Solution is light amber, clear to very
slightly opalescent, may have a slight amount of

fine precipitate.

Light amber, clear to very slightly opalescent,
may have a slight amount of fine precipitate.

Prepared Appearance:

Reaction of 3.5%

Solution at 25°C: pH7.5+0.2

Cultural Response
Difco™ Columbia Broth

Prepare the medium per label directions. Inoculate and incubate at
35 + 2°C under appropriate conditions for 18-48 hours. Incubate
Bacteroides fragilis anaerobically.

ORGANISM ATCC*  INOCULUM CFU  RECOVERY
Bacteroides fragilis 25285 10%-10° Good
Neisseria meningitidis 13090 10%-10° Good
Pseudomonas aeruginosa 27853 10%-10° Good
Staphylococcus aureus 25923 10%-10° Good
Streptococcus pyogenes 19615 10%-10° Good

Directions for Preparation from

Dehydrated Product

1. Suspend 35 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. OPTIONAL: Sodium polyanetholesulfonate (SPS) may
be added at this time with agitation to ensure a uniform
solution. The culture medium should contain 0.025 to
0.05% SPS.

4. Autoclave at 121°C for 15 minutes.

5. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

Process clinical specimens from different body sites as described
in Clinical Microbiology Procedures Handbook,* Manual of
Clinical Microbiology® or according to laboratory procedures.

Expected Results

Refer to appropriate references and procedures for results.



Limitations of the Procedure

1. Neisseria spp. may be inhibited by SPS in Columbia Broth.
The addition of 1.2% gelatin may counteract the inhibitory
effect, but SPS may also inhibit other organisms.?

2. Opalescence in Columbia Broth cannot always be relied upon
as evidence of bacterial growth in the bottle.

3. Itis possible for significant numbers of viable bacteria to be
present in an inoculated and incubated blood culture bottle
without the usual signs of bacterial growth.

Columbia CNA Agar

References

1. Morello and Ellner. 1969. Appl. Microbiol. 17:68.

2. Isenberg and Garcia (ed). 2004 (update, 2007). Clinical microbiology procedures handbook, 2nd ed.
American Society for Microbiology, Washington, D.C.

3. Murray, Baron, Jorgensen, Landry and Pfaller (ed.). 2007. Manual of clinical microbiology, 9th ed.
American Society for Microbiology, Washington, D.C.

Availability
Difco™ Columbia Broth
Cat. No. 294420 Dehydrated — 500 g

Columbia CNA Agar ¢ Columbia CNA Agar, Modified

Columbia PNA Agar

Intended Use

Columbia CNA Agar, Columbia CNA Agar, Modified, and
Columbia PNA Agar, all supplemented with 5% sheep blood,
are selective and differential media used for the isolation and
differentiation of gram-positive microorganisms from clinical
and nonclinical materials.

Summary and Explanation

Ellner et. al., in 1966, reported the development of a blood agar
formulation, which has been designated as Columbia Agar.!
The Columbia Agar base, which achieves rapid and luxuriant
growth and sharply defined hemolytic reactions, is utilized as
the base for media containing blood and for selective formula-
tions in which various combinations of antimicrobial agents are
used as additives.

User Quality Control

Identity Specifications

BBL™ Columbia CNA Agar

Dehydrated Appearance:  Fine, homogeneous, free of extraneous material.

Solution: 4.25% solution, soluble in purified water upon
boiling. Solution is medium, tan to yellow, hazy.

Prepared Appearance: Tan to yellow, hazy.

Reaction of 4.25%

Solution at 25°C: pH7.3+0.2

Cultural Response

BBL™ Columbia CNA Agar
Prepare the medium per label directions. Inoculate and incubate at 35 + 2°C
with 3-5% CO, for 18-24 hours.

INOCULUM
ORGANISM ATCC" CFU RECOVERY HEMOLYSIS
Proteus mirabilis 12453 10%*10° Partial to -

complete inhibition

Staphylococcus
aureus 25923 10%-10% Good Beta
Streptococcus
pneumoniae 6305  10%-10* Good Alpha
Streptococcus Beta, slight greening
pyogenes 19615  10%-10* Good may be present

Ellner and his colleagues found that a medium consisting of 10 mg
of colistin and 15 mg of nalidixic acid per liter in a Columbia Agar
Base enriched with 5% sheep blood would support the growth
of staphylococci, hemolytic streptococci and enterococci while
inhibiting the growth of Proteus, Klebsiella and Pseudomonas
species. In BBL™ Columbia CNA Agar with 5% Sheep Blood,
the concentration of nalidixic acid has been reduced to 10 mg/L
to increase the recovery of gram-positive cocci from clinical
specimens. The concentration of nalidixic acid has been further
reduced in Columbia CNA Agar, Modified to 5 mg/L.

In the Columbia PNA version of Ellner’s medium, polymyxin
B has been substituted for colistin (10 mg). Although the
antimicrobial properties of the two agents are nearly the same,
some species of gram-negative bacteria are more sensitive to
polymyxin B than colistin.?

Enterococcus faecalis
ATCC™ 29212
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Columbia CNA Agar, cont.

Principles of the Procedure

These media derive their superior growth-supporting properties
from the combination of peptones prepared from pancreatic
digest of casein, peptic digest of animal tissue and beef extract.
Yeast extract and corn starch are also included in the formulation
and serve as energy sources, with yeast extract being a supplier
of the B-complex vitamins.

Sheep blood supports the growth of fastidious organisms and
allows detection of hemolytic reactions. It should be noted that
this medium has a relatively high carbohydrate content and,
therefore, beta-hemolytic streptococci may produce a greenish
hemolytic reaction that may be mistaken for alpha hemolysis.

The addition of the antimicrobial agents, colistin (or polymyxin
B) and nalidixic acid, renders the medium selective for gram-
positive microorganisms.> Colistin and polymyxin B disrupt
the cell membrane of gram-negative organisms, whereas the
nalidixic acid blocks DNA replication in susceptible gram-nega-
tive bacteria.*

Formula
BBL™ Columbia CNA Agar

Approximate Formula* Per Liter
Pancreatic Digest of Casein.................
Peptic Digest of Animal Tissue
Yeast Extract ......cooooviiiiiiiii

Beef EXTract.......coveieeeeeceee e
COrN STArCh...ooii i
Sodium Chloride
Agar ..o
Colistin .......
Nalidixic ACI ...

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 42.5 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Autoclave at 121°C for 12 minutes. Cool to 45-50°C.

Add 5% sterile, defibrinated sheep blood.

5. Test samples of the finished product for performance using
stable, typical control cultures.

>

Procedure

Use standard procedures to obtain isolated colonies from speci-
mens. Incubate plates at 35 = 2°C for 24-48 hours in an aerobic
atmosphere supplemented with carbon dioxide.

Expected Results
Typical colonial morphology on Colombia CNA Agar with 5%
Sheep Blood s as follows:

Streptococci (non-group) D .. Small, white to grayish.
Beta or alpha hemolysis.
Enterococci (group D)........... Small, but larger than group A
streptococci, blue-gray. Beta or
alpha hemolysis.

StaphylococCi.......c.ccccoevenen. Large, white to gray or cream to
yellow, with or without hemolysis.

MICrOCOCCI ..vvviiiicciieieiiei Large, white to gray or yellow to
orange, with or without hemolysis.

Corynebacteria.........c.cc.c...... Small to large, white to gray or
yellow, with or without hemolysis.

Candida .......ccccccccvvveeiii Small, white.

Listeria monocytogenes........ Small to large, blue-gray, with
beta hemolysis.

Gram-negative bacteria........ No growth to trace growth.

References

1. Ellner, Stoessel, Drakeford and Vasi. 1966. Am. J. Clin. Pathol. 45:502.

2. Garrod and O’Grady. 1971. In Antibiotics and chemotherapy, 3rd ed. Williams & Wilkins, Baltimore,
Md.

3. Murray, Baron, Jorgensen, Landry and Pfaller (ed.). 2007. Manual of clinical microbiology, 9th ed.
American Society for Microbiology, Washington, D.C.

4. Estevez. 1984. Lab. Med. 15:258.

Availability
BBL™ Columbia CNA Agar

Cat. No. 212104 Dehydrated - 500 g
294221 Dehydrated — 5 Ib (2.3 kg)
212249 Dehydrated — 25 Ib (11.3 kg)

BBL™ Columbia CNA Agar with 5% Sheep Blood

[ BS12]

United States and Canada

Cat. No. 221352  Prepared Plates — Pkg. of 20*
221353  Prepared Plates — Ctn. of 100*

Europe

Cat. No. 254007  Prepared Plates — Pkg. of 20*
254072  Prepared Plates — Ctn. of 120*

Japan

Cat. No. 251352  Prepared Plates — Pkg. of 20*

BBL™ Columbia CNA Agar with 5% Sheep Blood//
MacConkey Il Agar

A 1A MR

United States and Canada
Cat. No. 221600 Prepared I Plate™ Dishes — Pkg. of 20*
221601  Prepared I Plate™ Dishes — Ctn. of 100*

Japan
Cat.No. 251600 Prepared I Plate™ Dishes — Pkg. of 20*

BBL™ Columbia CNA Agar, Modified, with Sheep Blood//
Enterococcosel™ Agar
Cat. No. 297413  Prepared | Plate™ Dishes — Ctn. of 100*

BBL™ Columbia CNA Agar with 5% Sheep Blood//
Levine EMB Agar
Cat. No. 295618

BBL™ Columbia CNA Agar with 5% Sheep Blood//
EMB Agar, Modified (Holt-Harris and Teague)

Cat. No. 221941 Prepared I Plate™ Dishes — Pkg. of 20*

BBL™ Columbia PNA Agar with 5% Sheep Blood//
MacConkey Il Agar

Cat. No. 297272 Prepared I Plate™ Dishes — Ctn. of 100*
*Store at 2-8°C.

Prepared I Plate™ Dishes — Ctn. of 100*



Cooke Rose Bengal Agar
Antimicrobic Vial A

Intended Use
Cooke Rose Bengal Agar is used with or without Antimicrobic Vial
A in isolating fungi from environmental and food specimens.

Antimicrobic Vial A is used in preparing microbiological culture
media.

Summary and Explanation

Cooke Rose Bengal Agar is a selective medium for the isolation
of fungi prepared according to the formula of Cooke."?
Selectivity of the medium is increased by the addition of
antibiotics.

A variety of materials and methods have been used to inhibit
bacteria in an attempt to isolate fungi from mixed flora. Fungi
are extremely successful organisms, as evidenced by their ubiquity
in nature.” Waksman* described an acid medium consisting of
peptone, dextrose, inorganic salts and agar for the isolation of
fungi from soil. Cooke! used the Waksman* medium without
adjustment to investigate the isolation of fungi from sewage. It
was discovered that soy peptone was particularly suitable for use
in this medium and that the combination of chlortetracycline,
or oxytetracycline, with rose bengal increased the selectivity of
the medium.

Antimicrobic Vial A contains sterile, desiccated chlortetracy-
cline. It was originally used in preparing DTM Agar described

User Quality Control

Identity Specifications

Difco™ Cooke Rose Bengal Agar

Dehydrated Appearance:  Pinkish-tan, free-flowing, homogeneous.

Solution: 3.6% solution, soluble in purified water upon
boiling. Solution is pinkish red, slightly opales-
cent.

Prepared Appearance: Deep pink, slightly opalescent.

Reaction of 3.6%
Solution at 25°C: pH6.0+0.2

Difco™ Antimicrobic Vial A
Desiccated Appearance:  Yellow cake or powder.

Rehydrated Appearance:  Yellow, clear solution.
Solution: Soluble in 10 mL purified water.
Cultural Response

Difco™ Cooke Rose Bengal Agar and Antimicrobic
Vial A

Prepare the medium with 35 pg per mL chlortetracycline (Antimicrobic
Vial A added aseptically) per label directions. Inoculate and incubate at
25-30°C for up to 72 hours.

ORGANISM ATCC"  INOCULUM CFU  RECOVERY
Aspergillus brasiliensis (niger) 16404 Undiluted Good
Candida albicans 26790 30-300 Good
Escherichia coli 25922 10° Inhibition
Saccharomyces cerevisae 9763 30-300 Good

Cooke Rose Bengal Agar

by Taplin, Azias, Rebell and Blank’® for the isolation of
dermatophytes. Antimicrobic Vial A is applicable for use
in various media requiring this antibiotic. Cooke' preferred
chlortetracycline in Cooke Rose Bengal Agar due to the
increased stability of the antibiotic.

Principles of the Procedure

Peptone provides nitrogen, carbon and vitamins in Cooke
Rose Bengal Agar. Dextrose is an energy source. Rose bengal
and chlortetracycline selectively inhibit bacterial growth and
restrict the size and height of colonies of more rapidly growing
molds. Monopotassium phosphate provides buffering capability.
Magnesium sulfate is a source of divalent cations. Agar is the
solidifying agent.

Formulae

Difco™ Cooke Rose Bengal Agar
Approximate Formula* Per Liter
Soy Peptone
Dextrose ......ccccovvieiiiiiiii
Monopotassium Phosphate.......
Magnesium Sulfate ...........cccoeiiiiiiiii e 0.
AGAE
ROSE BENGal .....coviiiiiiiiic

Difco™ Antimicrobic Vial A

Contains 25 mg sterile desiccated chlortetracycline per 10 mL vial.
*Adjusted and/or supplemented as required to meet performance criteria.

Uninoculated

Aspergillus brasiliensis
Plate

ATCC™ 16404

Candida albicans
ATCC™ 26790
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Cooke Rose Bengal Agar, cont.

Directions for Preparation from

Dehydrated Product
Difco™ Cooke Rose Bengal Agar

1. Suspend 36 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Autoclave at 121°C for 15 minutes. Cool to 45°C.

4. Aseptically add 14 mL of rehydrated Antimicrobic Vial A
(final concentration of 35 pg chlortetracycline per mL) or
appropriate amount of another antibiotic.

5. Test samples of the finished product for performance using
stable, typical control cultures.

Difco™ Antimicrobic Vial A

1. Aseptically add 10 mL sterile purified water per vial of
supplement.

2. Agitate gently to dissolve completely.

3. The resulting concentration of the rehydrated solution is
2.5 mg chlortetracycline per mL.

Procedure
Refer to appropriate references for specific procedures on the
isolation and cultivation of fungi.

Expected Results

Refer to appropriate references and procedures for results.

Limitations of the Procedure

1. Although this medium is selective primarily for fungi,
microscopic examination is recommended for presumptive
identification. Biochemical testing using pure cultures is
required for complete identification.

2. Due to the selective properties of this medium and the type
of specimen being cultured, some strains of fungi may be
encountered that fail to grow or grow poorly on the complete
medium; similarly, some strains of bacteria may be encoun-
tered that are not inhibited or only partially inhibited.

3. Care should be taken not to expose this medium to light,
since photo-degradation of rose bengal yields compounds
that are toxic to fungi.®’

References

1. Cooke. 1954. Antibiot. Chemother. 4:657.
2. Eaton, Rice and Baird (ed.). 2005. Standard methods for the examination of water and wastewater,
21st ed, online. American Public Health Association, Washington, D.C.

3. Murray, Baron, Jorgensen, Landry and Pfaller (ed.). 2007. Manual of clinical microbiology, 9th ed.
American Society for Microbiology, Washington, D.C.

. Waksman. 1922. J. Bacteriol. 7:339.

. Taplin, Azias, Rebell and Blank. 1969. Arch. Dermatol. 99:203.

Banks, Board and Paton. 1985. Lett. Appl. Microbiol. 1:7.

. Beuchat and Cousin. 2001. Iz Downes and Ito (ed.), Compendium of methods for the microbiological
examination of foods, 4th ed. American Public Health Association, Washington, D.C.
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Availability
Difco™ Cooke Rose Bengal Agar

[ SMWW |
Cat. No. 270310 Dehydrated — 500 g

Difco™ Antimicrobic Vial A

[ SMWW |
Cat. No. 233331
*Store at 2-8°C.

Vial =6 x 10 mL*

Cooked Meat Medium ¢ Cooked Meat Medium
with Glucose, Hemin and Vitamin K

Intended Use
Cooked Meat Medium and the enriched medium are used for the
cultivation of anaerobes, especially pathogenic clostridia.

Summary and Explanation

In 1916, Robertson developed a cooked meat medium for use in
the cultivation of certain anaerobes isolated from wounds.! The
present formulation for Cooked Meat Medium is a modification
of Robertson’s original formula.

Cooked Meat Medium is still widely used for the cultivation
and maintenance of clostridia and for determining proteolytic
activity of anaerobes. For example, the medium is recom-
mended for use in the enumeration and identification of
Clostridium perfringens from food.? It supports the growth of
most sporeforming and nonsporeforming obligate anaerobes
and may be used for a variety of purposes including the main-
tenance of stock cultures. The medium is also useful as an
enrichment broth for cultivating anaerobes that may be present
in small numbers in a population and as a subculture medium
for determination of proteolysis (meat digestion) and spore
formation by Clostridium species.

Cooked Meat Medium with Glucose, Hemin and Vitamin K , is
also recommended as a subculture medium for anaerobic isolates
to be examined by gas liquid chromatography.?

Principles of the Procedure

Cooked Meat Medium provides a favorable environment for
the growth of anaerobes, since the muscle protein in the heart
tissue granules is a source of amino acids and other nutrients.
The muscle tissue also provides reducing substances, particularly
glutathione, which permits the growth of strict anaerobes.* The
sulfhydryl groups, which exert the reducing effect, are more
available in denatured protein; therefore, the meat particles are
cooked for use in the medium.

Cooked Meat Medium with Glucose, Hemin and Vitamin K is
supplemented with added glucose, yeast extract, hemin and
vitamin K, to enhance the growth of anaerobic microorganisms.

Growth is indicated by turbidity and, with some organisms, by
the presence of gas bubbles in the medium. Disintegration and
blackening of the meat particles indicates proteolysis. Gram



User Quality Control

Identity Specifications

Difco™ Cooked Meat Medium

Dehydrated Appearance:  Brown, homogeneous pellets.

Solution: 12.5% solution, partially insoluble in purified water. Solution
is medium amber, clear to very slightly opalescent supernatant fluid
over insoluble pellets.

Prepared Appearance: Medium amber, clear to very slightly opalescent supernatant fluid

over insoluble pellets.

Reaction of 12.5%

Solution at 25°C: pH7.2+0.2

Cultural Response
Difco™ Cooked Meat Medium

Prepare the medium per label directions. Inoculate and incubate at 35 + 2°C for 40-48 hours.

Cooked Meat Medium, cont.

(-

ORGANISM ATCC™ INOCULUM CFU RECOVERY
Bacteroides vulgatus 8482 10%-10° Good
Clostridium novyi 7659 10%-10° Good
Clostridium perfringens 12924 10%-10° Good
Clostridium sporogenes 11437 10%-10° Good
Staphylococcus aureus 25923 10%-10° Good

stains or spore stains should be made to determine the shape
and location of spores.

Formula
Difco™ Cooked Meat Medium
Approximate Formula* Per Liter

Beef Heart (from 454 g) ..o 980 g
Proteose Peptone ... 200 g
DEXEIOSE ... 20 g
Sodium Chloride ......c..oooiiiiiieccc e 50 g

*Adjusted and/or supplemented as required to meet performance criteria.

Directions for Preparation from

Dehydrated Product

1. Suspend 12.5 g of the particles in 100 mL purified water
(1.25 g/10 mL).

2. Let stand until all particles are thoroughly wetted and form
an even suspension.

3. Autoclave at 121°C for 15 minutes. Reduce pressure slowly
and cool without agitation.

4. If not used within 24 hours, reheat (100°C) prior to use to
drive off absorbed oxygen.

5. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

Liquid media for anaerobic incubation should be reduced prior
to inoculation by placing the tubes, with caps loosened, under
anaerobic conditions for 18-24 hours. An efficient and easy
way to obtain suitable anaerobic conditions is through the use
of the GasPak™ EZ anaerobic system or an alternative anaerobic
system. Alternatively, liquid media may be reduced immediately
prior to use by boiling with caps loosened and cooling with
tightened caps to room temperature before inoculation.
Organisms to be cultivated must first be isolated in pure
culture in an appropriate medium.

I
.

Uninoculated Clostridium sporogenes
Tube ATCC™11437

Using a sterile inoculating loop or needle, transfer growth from
a fresh subculture medium, inoculating heavily in the area of
meat particles. Incubate the tubes at 35 + 2°C under anaerobic
conditions for up to 7 days. It is reccommended that an indicator
of anaerobiosis be used.

Expected Results

In the cultivation of clostridia, saccharolytic organisms usually
produce acid and gas. Growth of proteolytic organisms is
generally characterized by blackening and dissolution of the
meat particles.

References

1. Robertson. 1916. J. Pathol. Bacteriol. 20:327.

2. U.S.Food and Drug Administration. 2001. Bacteriological analytical manual, online. AOAC, International,
Gaithersburg, Md.

3. Holdeman, Cato and Moore. 1977. Anaerobe laboratory manual, 4th ed. Virginia Polytechnical Institute
and State University, Blacksburg, Va.

4. Willis. 1977. Anaerobic bacteriology: clinical and laboratory practice, 3rd ed. Butterworths, London,
England.

Availability

Difco™ Cooked Meat Medium
[BAM |

Cat. No. 226730 Dehydrated — 500 g

BBL™ Cooked Meat Medium

[BAM |
Cat. No. 221507 Prepared Tubes, 8 mL (K Tubes) — Pkg. of 10
221508  Prepared Tubes, 8 mL (K Tubes) — Ctn. of 100

BBL™ Cooked Meat Medium with Glucose, Hemin
and Vitamin K,

[ BS12

Cat. No. 297809 Prepared Tubes, 10 mL (C Tubes) — Ctn. of 100
295982  Prepared Tubes, 9 mL (K Tubes) — Pkg. of 10
299455  Prepared Tubes, 9 mL (K Tubes) — Ctn. of 100
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Corn Meal Agar

Corn Meal Agar ® Corn Meal Agar with
Polysorbate 80 ¢ Corn Meal Agar with 1% Dextrose

Intended Use

Corn Meal Agar is a general-purpose medium for the cultiva-
tion of fungi. With the addition of polysorbate 80, it is utilized
primarily for the testing of Candida species for their ability to
produce chlamydospores. BBL™ prepared plates of Corn Meal
Agar with Polysorbate 80 are deep-filled to reduce the effects
of drying during prolonged incubation. Corn Meal Agar with
1% Dextrose enhances pigment production.

Summary and Explanation
Corn Meal Agar has been used for many years to cultivate fungi.
Pollack and Benham reported on its usefulness for studying

Microscopic Photo of Chlamydospores

User Quality Control

Identity Specifications

BBL™ Corn Meal Agar

Dehydrated Appearance:  Coarse, homogeneous, free of extraneous
material.

Solution: 1.7% solution, soluble in purified water upon
boiling. Solution is pale to light, yellow to tan,
slightly hazy to hazy.

Prepared Appearance: Pale to light, yellow to tan, slightly hazy to
hazy.

Reaction of 1.7%

Solution at 25°C: pH6.0+0.2

Cultural Response

BBL™ Corn Meal Agar

Prepare the medium per label directions.Test for chlamydospore production.
Using fresh cultures, streak two parallel lines approximately 1.5 cm long each
and 1.0 cm apart. Make an S-shape by lightly streaking back and forth across
the two parallel streak lines. Place a coverslip over the streak marks. Incubate
at 25 + 2°C for 4 days and examine microscopically.

CHLAMYDOSPORE
ORGANISM ATCC"  RECOVERY PRODUCTION
Asperqillus brasiliensis (niger) 16404 Good N/A
Candida albicans 10231 Good Present
Candida albicans 60193 Good Present

Candida kefyr 8553 Good None

the morphology of Candida.! In 1960, Walker and Huppert
modified the basic formulation of Corn Meal Agar by adding
polysorbate 80, which stimulated rapid and abundant chlamydo-
spore formation.? This modified formulation is recommended
for the production and viualization of chlamydospores.?

The addition of dextrose enhances fungal growth and pigment
production.* Corn Meal Agar with Dextrose is commonly
used in the differentiation of Trichophyton species based on
chromogenesis.’

Principles of the Procedure

Corn Meal Agar is a relatively simple medium, consisting
of an infusion of corn meal and agar. The infusion product
contains sufficient nutrients to support the growth of fungal
species. The polysorbate 80 is a mixture of oleic esters which,
when added to the basal medium, stimulates the production
of chlamydospores.’ Dextrose is added to Corn Meal Agar to
provide an energy source to enhance fungal growth and chro-
mogenesis.

Formula
BBL™ Corn Meal Agar

Approximate Formula* Per Liter
Corn Meal Infusion from (Solids) .........ccoovveiiiiiiii 20 g
AGAE 150 g

*Adjusted and/or supplemented as required to meet performance criteria.

Corn Meal Agar with Polysorbate 80

Candida albicans —
ATCC™ 10231 .



Directions for Preparation from

Dehydrated Product

1. Suspend 17 g of the powder in 1 L of purified water. Add
1% polysorbate 80, or 1% dextrose, if desired. Mix thor-
oughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Autoclave at 121°C for 15 minutes.

4. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

To prepare plated media from agar deeps, place the agar deeps
in a boiling water bath until the medium becomes liquefied
(clear). Pour the molten medium into a sterile Petri dish and
allow to solidify before use. Organisms to be cultivated for
identification must first be isolated in pure culture on an
appropriate medium.

Using an inoculating needle, streak the medium with growth
from a pure culture and incubate at 25 = 2°C. Examine at
intervals for up to 28 days for growth and pigmentation.

Corn Meal Agar with 1% Dextrose should be incubated for up to
4 weeks to allow sufficient time for pigmentation to develop.

Test for the production of chlamydospores on medium
containing polysorbate 80 using the Dalmau plate method.®
With a sterile inoculating needle, lightly touch the yeast colony,
and then make two separate streaks approximately 1.5 cm long
each and 1.0 ¢cm apart. Do not dig into the agar. Flame the
needle, allow to cool. Then lightly make an S-shaped streak
back and forth across the two original streak lines. Flame a
coverslip and, after it cools, place it over the central area of
the stab marks to provide slightly reduced oxygen tension.’?
Incubate the plates at room temperature (25 = 2°C) for 24-48
hours. If the test is negative, reincubate plates an additional
48-72 hours and examine again.”

Cystine Assay Medium

(See Amino Acid Assay Media)

Cystine Heart Agar

Intended Use

Cystine Heart Agar is used with hemoglobin for cultivating
Francisella tularensis and without enrichment for cultivating
gram-negative cocci and other microorganisms.

Summary and Explanation

Francisella tularensis was first described in humans in 1907.!
Several media formulations were employed to isolate this
microorganism. Initial formulations contained egg or serum
and were difficult to prepare. Edward Francis,”> who dedicated
his career to the study of this organism, reported that blood

Cystine Heart Agar

Expected Results

Observe cultures for growth and morphology. After 24-48
hours on medium containing polysorbate 80, most strains of C.
albicans and C. stellatoidea will have formed typical chlamydo-
spores.’ Invert the plate and examine microscopically (low and
high power objectives) for chlamydospore formation along the
edge of the coverslip.

On Corn Meal Agar with 1% Dextrose, macroscopically
observe chromogenesis.

Limitation of the Procedure
Corn Meal Agar with Dextrose is not recommended for detecting
the production of chlamydospores by Candida species.

References

. Pollack and Benham. 1960. J. Lab. Clin. Med. 50:313.
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78-8361. Center for Disease Control, Atlanta, Ga.
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Microbiology, Washington, D.C.
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Availability

BBL™ Corn Meal Agar

Cat. No. 211132 Dehydrated - 500 g
297379  Prepared Pour Tubes, 20 mL — Pkg. of 10

BBL™ Corn Meal Agar with Polysorbate 80

[ BS12 |

Cat. No. 221854 Prepared Plates (Deep Fill) - Pkg. of 10*
297235  Prepared Pour Tubes, 20 mL — Pkg. of 10

BBL™ Corn Meal Agar with 1% Dextrose

Cat. No. 297229  Prepared Pour Tubes, 20 mL — Pkg. of 10
*Store at 2-8°C.

dextrose cystine agar was a satisfactory medium for cultivat-
ing this fastidious pathogen. Shaw® added 0.05% cystine and
1% dextrose to Heart Infusion Agar for the cultivation of
F. tularensis.

While experimenting with Francis’ blood dextrose cystine agar,
Rhamy* added hemoglobin to Cystine Heart Agar to develop a
satisfactory medium for growth of F. tularensis.

Cystine Heart Agar, also known as Cystine Glucose Blood agar,
is the historical medium of choice for isolating F. tularensis.*
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Cystine Heart Agar, cont.

Principles of the Procedure Directions for Preparation from

Infusions from beef heart, peptone and L-cystine providle =~ Dehydrated Product

nitrogen, vitamins and amino acids in Cystine Heart Agar. Enriched Medium

Dextrose is a carbon source. Sodium chloride maintains the 1 Suspend 10.2 g of the powder in 100 mL of purified water.
osmotic balance and agar is the solidifying agent. Mix thoroughly.

Enrichment with 2% hemoglobin provides additional growth 2. Heat with frequent agitation and boil for 1 minute to
factors. Without enrichment, Cystine Heart Agar supports completely dissolve the powder.

excellent growth of gram-negative cocci and other pathogenic 3. Autoclave at 121?C for 15 minuteg Cool to 5 0'600.0
microorganisms. Rabbit blood and antimicrobial agents canbe 4. Add 100 mL sterile 2% hemoglobin solution and mix well.

added to this medium.’ Use:
* Hemoglobin Solution 2%; or,
Formula e Prepare a 2% hemoglobin solution as follows: Place 2 g
Difco™ Cystine Heart Agar of hemoglobin powder in a dry flask. Add 100 mL of
Approximate Formula* Per Liter cold purified water while agitating vigorously. Continue
Beef Heart, Infusion from 500 g 9 intermittent agitation for 10-15 minutes until solution is
Erg)fi(c);«z Peptone ............ g complete. Autoclave at 121°C for 15 minutes. Cool to
Sodium Chloride g 50-60°C.
L-Cystine.....ooo g 5. Dispense into sterile Petri dishes or tubes.
AGAT e g

*Adjusted and/or supplemented as required to meet performance criteria. 6. Test samp les of the finished p roduct for performance using
stable, typical control cultures.

Precautions

Francisella tularensis is a Biosafety Level 2 pathogen that can

be transmitted by aerosols or by penetration of unbroken skin.’

Wearing of gowns, gloves and masks is advocated for laboratory

staff handling suspected infectious material.®

Unenriched Medium

1. Suspend 51 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

H Francisella tularensis Neisseria meningitidis
User Quallty ContrOI with enrichment with enrichment
ATCC™ 29684 ATCC™ 13090

Identity Specifications

Difco™ Cystine Heart Agar

Dehydrated Appearance:  Beige, free-flowing, homogeneous.

Solution: 5.1% solution, soluble in purified water upon
boiling. Solution is light to medium amber, very
slightly to slightly opalescent, may have fine
precipitate.

Prepared Appearance: Plain — Light to medium amber, slightly opales-
cent, may have a fine precipitate.
With Hemoglobin — Chocolate, opaque.

Reaction of 5.1%
Solution at 25°C: pH6.8+0.2

Cultural Response
Difco™ Cystine Heart Agar
Prepare the medium per label directions without and with hemoglobin.
Incubate inoculated medium at 35 + 2°C aerobically for 66-72 hours. Incubate
Neisseria meningitidis under increased CO,

INOCULUM RECOVERY RECOVERY

ORGANISM ATCC™ CFU W/O HEMOGLOBIN  W/HEMOGLOBIN
Francisella tularensis

(BD 16223)* 10%-10° N/A Good
Neisseria meningitidis 13090  10%-10° Good Good
Staphylococcus aureus 25923 10%-10° Good Good
Streptococcus

pneumoniae 6303  10%-10° Good Good

*Minimally, one strain of F. tularensis should be used for performance testing. F. tularensis ATCC 29684 can be
substituted for BD Diagnostics strain 16223.




3. Autoclave at 121°C for 15 minutes.
4. Test samples of the finished product for performance using
stable, typical control cultures.

Procedure

1. Inoculate and streak specimens as soon as possible. For a
complete discussion on the inoculation and identification of
Francisella, consult appropriate references.

2. Overgrowth by contaminating organisms can be reduced
by incorporating 100-500 units penicillin per mL into the
medium.!

Expected Results

Refer to appropriate references and procedures for results.

Cystine Tryptic Agar

(See CTA Medium"™)

Czapek-Dox Broth

References

1. Wong and Shapiro. 1999. In Murray, Baron, Pfaller, Tenover and Yolken (ed.), Manual of clinical
microbiology, 7th ed. American Society for Microbiology, Washington, D.C.
. Francis. 1928. JAMA 91:1155.
. Shaw. 1930. Zentr. Bakt. I. Abt. Orig. 118:216.
. Rhamy. 1933. Am. J. Clin. Pathol. 3:121.
. Isenberg (ed.). 1992. Clinical microbiology procedures handbook, vol. 1. American Society for
Microbiology, Washington, D.C.
6. U.S. Public Health Service, Centers for Disease Control and Prevention, and National Institutes of
Health. 2007. Biosafety in microbiological and biomedical laboratories, Sth ed. HHS Publication No.
(CDC) 93-8395. U.S. Government Printing Office, Washington, D.C.
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Availability
Difco™ Cystine Heart Agar
Cat. No. 247100 Dehydrated - 500 g

BBL™ Hemoglobin, Bovine, Freeze-Dried
Cat. No. 212392 Dehydrated — 500 g

BBL™ Hemoglobin Solution 2%
Cat. No. 211874 Bottle— 10 x 100 mL

Czapek-Dox Broth ¢ Czapek Solution Agar

Intended Use

Czapek-Dox Broth and Czapek Solution Agar are used for
cultivating fungi and bacteria capable of using inorganic
nitrogen.

Summary and Explanation

Czapek-Dox Broth is a modification of the Czapek' and Dox?
formula prepared according to Thom and Raper.* Czapek
Solution Agar is prepared according to the formula given
by Thom and Church.* The media are prepared with only
inorganic sources of nitrogen and chemically defined sources
of carbon. Czapek-Dox media are useful in a variety of
microbiological procedures, including soil microbiology and
fungi and mildew resistance tests. Thom and Raper? reported
Czapek-Dox Broth and Czapek Solution Agar produce moder-
ately vigorous growth of most saprophytic aspergilli and yield
characteristic mycelia and conidia.

Czapek Solution Agar is recommended in Standard Methods for
the Examination of Water and Wastewater’ for the isolation of
Aspergillus, Penicillium, Paecilomyces and related fungi.

Principles of the Procedure

Saccharose is the sole carbon source, and sodium nitrate is
the sole nitrogen source in Czapek-Dox Broth and Czapek
Solution Agar. Dipotassium phosphate is the buffering agent, and
potassium chloride contains essential ions. Magnesium sulfate
and ferrous sulfate are sources of cations. Agar is the solidifying
agent in Czapek Solution Agar.

Formulae
Difco™ Czapek-Dox Broth

Approximate Formula* Per Liter
Saccharose.........
Sodium Nitrate
Dipotassium Phosphate....
Magnesium Sulfate .........
Potassium Chloride .........
Ferrous Sulfate ..o 0.01

Difco™ Czapek Solution Agar

Approximate Formula* Per Liter

SACCNAIOSE ... 30.0
SOdIUM NItrate.....vviiicieii e 2.0
Dipotassium Phosphate....
Magnesium Sulfate .........
Potassium Chloride .........
Ferrous Sulfate....
AGAE

*Adjusted and/or supplemented as required to meet performance criteria.

uuuuu
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Directions for Preparation from

Dehydrated Product
Difco™ Czapek-Dox Broth

1. Dissolve 35 g of the powder in 1 L of purified water.

2. Autoclave at 121°C for 15 minutes.

3. Test samples of the finished product for performance using
stable, typical control cultures.

Difco™ Czapek Solution Agar

1. Suspend 49 g of the powder in 1 L of purified water. Mix
thoroughly.

2. Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder.

3. Autoclave at 121°C for 15 minutes.

4. Test samples of the finished product for performance using
stable, typical control cultures.
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Czapek-Dox Broth, cont.

User Quality Control

Identity Specifications
Difco™ Czapek-Dox Broth
Dehydrated Appearance:  White, free-flowing, homogeneous.

Solution: 3.5% solution, soluble in purified water. Solution
is colorless, clear to very slightly opalescent and
may have a slight precipitate.

Prepared Appearance: Colorless, clear to very slightly opalescent, may

have a slight precipitate.
Reaction of 3.5%

Solution at 25°C: pH7.3+0.2

Difco™ Czapek Solution Agar
Dehydrated Appearance:  Very light beige, free-flowing, homogeneous.

Solution: 4.9% solution, soluble in purified water upon
boiling. Solution is light amber, opalescent with
a uniform flocculent precipitate.

Light amber, slightly opalescent, may have a
slight precipitate.

Prepared Appearance:

Reaction of 4.9%

Solution at 25°C: pH7.3+0.2

Procedure

Refer to appropriate references for specific procedures for the
cultivation of fungi and bacteria capable of utilizing inorganic
nitrogen.

Expected Results

Refer to appropriate references and procedures for results.

References

. Czapek. 1902-1903. Beitr. Chem. Physiol. Pathol. 1:540.

. Dox. 1910. U.S. Dept. Agr. Bur. Anim. Ind. Bull. 120:70.

. Thom and Raper. 1945. Manual of the aspergilli. Williams & Wilkins Co., Baltimore, Md.

. Thom and Church. 1926. The aspergilli. Williams & Wilkins Co., Baltimore, Md.

. Eaton, Rice and Baird (ed.). 2005. Standard methods for the examination of water and wastewater,
21st ed., online. American Public Health Association, Washington, D.C.
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DCLS Agar

Intended Use

DCLS Agar (Desoxycholate Citrate Lactose Sucrose Agar) is
a moderately selective culture medium for the isolation of
Salmonella and Shigella from fecal specimens.

Summary and Explanation

DCLS Agar is a modification of Leifson’s Desoxycholate Agar,
a slightly selective and differential plating medium for enterics
in which the degree of inhibition is accurately controlled by
the substitution of pure chemicals for the largely undefined
composition of bile.! DCLS Agar is only one of a number of
modified desoxycholate-containing media and differs from the
rest by its inclusion of sucrose.?

DCLS Agar supports good growth of cultures of Shigella
and Salmonella, and inhibits the growth of coliforms and
Proteus. In addition to the human pathogens, S. pullorum and
S. gallinarum grow well.

Cultural Response
Difco™ Czapek-Dox Broth

Prepare the medium per label directions. Inoculate and incubate at
30 + 2°C for 48-72 hours.

ORGANISM ATCC™  INOCULUM CFU  RECOVERY
Aspergillus niger 9642 10%-10° Good
Candida albicans 10231 10%-10° Good
Candida tropicalis 750 10%-10° Good
Saccharomyces cerevisiae 9763 10%-10° Good

Difco™ Czapek Solution Agar

Prepare the medium per label directions. Inoculate and incubate at
30 + 2°C for 18-48 hours (up to 72 hours if necessary).

ORGANISM ATCC*  INOCULUM CFU  RECOVERY
Aspergillus niger 9642 10%-10° Good
Candida albicans 10231 10%-10° Good
Penicillium rubrum 10520 10%-10° Good
Streptococcus albus 3004 10%-10° Good

Availability
Difco™ Czapek-Dox Broth
Cat. No. 233810 Dehydrated - 500 g

Difco™ Czapek Solution Agar

Cat. No. 233910 Dehydrated - 500 g

Principles of the Procedure

This medium contains peptones and beef extract, which
supply essential nutrients for the support of bacterial growth.
The citrate and desoxycholate compounds serve as inhibitors
of gram-positive bacteria and coliforms. The incorporation
of two sugars permits the formation of red colonies by
organisms that rapidly ferment either sucrose or lactose, or
both; e.g., Proteus vulgaris, as well as typical coliforms.
This permits the more accurate selection of members of the
genera Shigella and Salmonella, which form colorless or nearly
colorless colonies on DCLS Agar.



DCLS Agar, cont.

Formula A nonselective medium should also be streaked to increase
BBL™ DCLS Agar the chance of recovery when the population of gram-negative
Approximate Formula* Per Liter organisms is low and to provide an indication of other
Sodium Desoxycholate ... 25 g organisms present in the specimen.
SOIUM CITAte. . .veeerceciec e 105 g
LACLOSE 1o 50 ¢
SUCTOSE .ot 50 g Expected Results
Pancreatic Digest of Casein .... .35 ¢ Typical colonial appearance on DCLS Agar is as follows:
Peptic Digest of Animal Tissue.... ...35 g - ) ) )
Beef EXIrACT. oo 30 g Escherichia coli.................... Large, flat, pink to rose red with
Sodium Thiosulfate ... .50 g a zone of precipitated bile salts
NeUtral Red. ..o 0.03 g Enterobacter/Klebsiella........ Large, mucoid, pink
NG <. 120 g Proteus ........ccocceceeiiieennns Colorless to red .
*Adjusted and/or supplemented as required to meet performance criteria. Sa/_mone”a Ty Colorless to pale p!nk
Shigella..........c..ccccocoei Colorless to pale pink

. . . Pseudomonas ............c........ Colorless to brown or green
Directions for Preparation from Gram-positive bacteria...... No growth
Dehydrated Product

1. Suspend 50 g of the powder in 1 L of purified water. Mix =~ References
thOfOllghly. 1. Leifson. 1935. J. Pathol. Bacteriol. 40:581.

. . . . 2. Hajna and Damon. 1956. Appl. Microbiol. 4:341. D
2. Heat with frequent agitation and boil for 1 minute to

completely dissolve the powder. Avoid excessive heating. Ay ail ability
3. Cool the medium to approximately 45°Cand pour into plates  cat No. 211144 Dehydrated — 500 g

using about 20 mL per plate. The plates may be used atonce £ r0pa

or refrigerated for a few days. Cat. No. 254012  Prepared Plates - Pkg. of 20*
4, Test samples of the finished product for performance using ~ *Storeat 2-:8°C.

stable, typical control cultures.

Procedure
Inoculate and incubate plates, protected from light, at 35 = 2°C
for 18-24 hours. If negative after 24 hours, reincubate an

additional 24 hours.
User Qua | |ty Control lF.’JIr;icr;ocu lated Salmonella -Rl‘lpgcl!"n :1 26,1 ZT‘I
Identity Specifications

BBL™ DCLS Agar

Dehydrated Appearance:  Fine, homogeneous powder.

Solution: 5.0% solution, soluble in purified water upon
boiling. Solution is medium to dark, red-orange
to orange-rose, clear to slightly hazy.

Prepared Appearance: Medium to dark, red-orange to orange-rose,
clear to slightly hazy.

Reaction of 5.0%
Solution at 25°C: pH7.2+0.2

Cultural Response
BBL™ DCLS Agar

Prepare the medium per label directions. Inoculate and incubate at
35 + 2°C for 24 hours.

INOCULUM COLONY
ORGANISM ATCC" CFU RECOVERY COLOR
Escherichia coli 25922 10%10° Good  Pink to rose-red
Salmonella enterica
subsp. enterica Colorless to
serotype Typhimurium 14028  10%-10* Good pale pink
Shigella flexneri 12022 10°-10¢ Good Colorless to

pale pink

Enterococcus faecalis 29212 10*10° None -
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D/E Neutralizing Agar

D/E Neutralizing Agar ¢ D/E Neutralizing Broth

Intended Use

D/E (Dey/Engley) Neutralizing Agar has the ability to neutralize
antimicrobial chemicals and is used for environmental sampling
for the detection and enumeration of microorganisms present
on surfaces of sanitary importance. Prepared plates are provided
for environmental monitoring. Sterile Pack and Isolator Pack
RODAC" prepared plates are particularly useful for monitoring
surfaces in clean rooms and other environmentally-controlled
areas and are also recommended for use in air sampling
equipment such as the Surface Air System. Finger Dab™ Sterile
Pack and Isolator Pack plates are intended for sampling gloved
hands. Hycheck™ hygiene contact slides are used for assessing
the microbiological contamination of surfaces and fluids.

D/E Neutralizing Broth is for the neutralization and testing
of antiseptics and disinfectants according to the procedure of
Engley and Dey.!

Summary and Explanation

Environmental contact sampling plates (RODAC plates)
are specially constructed so that the D/E Neutralizing Agar
medium can be over-filled, producing a meniscus or dome-
shaped surface that can be pressed onto a surface for sampling
its microbial burden. These plates are used in a variety of
programs to establish and monitor cleaning techniques and
schedules.>* After touching the surface to be sampled with the
medium, the dish is covered and incubated at an appropriate
temperature. The presence and number of microorganisms is
determined by the appearance of colonies on the surface of

User Quality Control

Identity Specifications
Difco™ D/E Neutralizing Agar

Dehydrated Appearance:  Bluish-gray, homogeneous, appears moist and
lumpy.

Solution: 5.4% solution, soluble in purified water upon
boiling. Solution is lavender, opaque with a fine
precipitate.

Prepared Appearance: Lavender, opaque with a fine precipitate.

Reaction of 5.4%

Solution at 25°C: pH7.6+0.2

Difco™ D/E Neutralizing Broth

Dehydrated Appearance:  Bluish-gray, homogeneous, appears moist and
lumpy.

Solution: 3.9% solution, soluble in purified water upon

warming. Solution is purple, opaque with an
even suspension of particles.

Prepared Appearance: Purple, opaque with an even suspension of

particles.

Reaction of 3.9%

Solution at 25°C: pH7.6+0.2

the agar medium. Collection of samples from the same area
before and after cleaning and treatment with a disinfectant
permits the evaluation of the efficacy of sanitary procedures
because of the neutralizing ability of the medium. The RODAC
SL (Secure Lid) has three lugs on the base, providing a tight fit
between lid and base to reduce accidental contamination.

The Hycheck hygiene contact slide is a double-sided paddle
containing two agar surfaces for immersing into fluids or
sampling surfaces. There are two slides containing D/E
Neutralizing Agar: one slide contains D/E Neutralizing Agar on
both sides; and another slide contains D/E Neutralizing Agar
along with Tryptic Soy Agar.

D/E Neutralizing Broth is used for environmental sampling
where neutralization of the chemical is important to determine
its bactericidal or bacteriostatic activity. This medium will
neutralize a broad spectrum of antiseptic and disinfectant
chemicals, including quaternary ammonium compounds,
phenolics, iodine and chlorine preparations, mercurials, form-
aldehyde and glutaraldehyde.

Principles of the Procedure

Peptone, yeast extract and dextrose are sources of nutrients
required for the replication of microorganisms. The peptone
provides nitrogenous compounds, including essential amino
acids. Yeast extract is a rich source of B-complex vitamins.
Dextrose is an energy source. Five neutralizers in this medium
will inactivate a variety of disinfectant and antiseptic chemicals:

Cultural Response

Difco™ D/E Neutralizing Agar or

D/E Neutralizing Broth

Prepare the medium per label directions. Inoculate plates and incubate at
35+ 2°C for up to 40-48 hours. Prepare tubes with and without the addition
of disinfectants; e.g., mercurials and quaternary ammonium compounds.
Inoculate and incubate at 35 + 2°C for 40-48 hours.

ORGANISM ATCC™  INOCULUM CFU  RECOVERY
Bacillus subtilis 6633 10%-10° Good
Escherichia coli 25922 10%-10° Good
Pseudomonas aeruginosa 27853 10%-10° Good
Salmonella enterica

subsp. enterica

serotype Typhimurium 14028 10%-10° Good
Staphylococcus aureus 25923 10%-10° Good

Neutralization Test

Prepare D/E Neutralizing Agar per label directions. Inoculate 50 mL of D/E
Neutralizing Agar with 0.1 mL of a heavy suspension of test organism and
dispense into 150 x 15 mm Petri dishes of D/E Neutralizing Agar and Plate
Count Agar. Place 1/2 inch sterile blank disks on each plate. Dispense 0.1 mL
of each disinfectant solution onto two disks per medium. Incubate at 35 + 2°C
for 40-48 hours. D/E Neutralizing Agar should exhibit no zones of inhibition
or zones significantly smaller than those found on Plate Count Agar.



D/E Neutralizing Agar, cont.

Staphylococcus aureus

sodium bisulfite neutralizes aldehydes; sodium thioglycollate
ATCC™ 25923

neutralizes mercurials; sodium thiosulfate neutralizes iodine
and chlorine;! lecithin neutralizes quaternary ammonium
compounds; and polysorbate 80, a non-ionic surface active
agent, neutralizes substituted phenolics.*® Bromcresol purple is
incorporated as an indicator for dextrose utilization.

In the medium supplemented with penicillinase, the addition
of penicillinase inactivates penicillinase-sensitive beta-lactam
antibiotics.

In the prepared plated medium, the entire double-bagged (Sterile
Pack) or triple-bagged (Isolator Pack) product is subjected to a
sterilizing dose of gamma radiation so that the contents inside
the outer bag are sterile.!” This allows the inner bag(s) to be
aseptically removed and brought into an environmentally-
controlled area without introducing contaminants. Since the
agar medium has been sterilized after packaging, the presence of
microbial growth after sampling and incubation can be relied
upon to represent the presence of environmental contaminants
and not pre-existing microorganisms in the medium that may
have been introduced during manufacture. The plate has a
marked grid to facilitate counting organisms.

Due to the high concentration of lecithin in the broth medium
(which renders the medium opaque), turbidity cannot be used
— — = to detect growth. Therefore, bromcresol purple and dextrose
are added to the medium. Those organisms that ferment
dextrose will turn the medium from purple to yellow. Growth
of Pseudomonas species, which do not ferment dextrose, can

be detected by the formation of a pellicle on t