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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.”
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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
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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
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2. Clinical and Laboratory Standards Institute. 2004. Approved standard: M22-A3, Quality control for
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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




Section Il

Prepared Tubed, Bottled Media, cont.

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.
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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, immer