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For top profits and quality food products, plant sani-
tation demands that proper chemicals be applied in
such a way as to get optimum results at lowest cost.

That isn’t as easy as it sounds. It calls for experi-
ence and a fully-engineered application system—iike
the Klenzade CENTRAL HIGH PRESSURE
CLEANING SYSTEM. This System provides on-
the-spot pressure cleaning facilities through a central
unit. Proper detergent and sanitizing solutions can be
applied with best velocity from one to a number of
stations located throughout the plant. Drop station
working pressure is 500 PSI with system capability of
35 gallons per minute.

Each station has quick release couplings and ports
for spray gun hoses.

Your choice of two models with pumps operated by
electricity or air; each has unique control system with

automatic cut-offs and interlocks for maximum effi-
ciency.

Costly, time-consuming transport of pressure clean-
ing units from one application point to another is
eliminated. Best of all, the Klenzade High Pressure
Cleaning System provides superior cleaning through
absolute control of cleaning solutions, temperature,
power and water. Saves labor, too.

If you’ve got too much to do to worry about the de-
tails of plant sanitation, take advantage of Klenzade’s
Single Organization Responsibility. Get all your sani-
tation chemicals, equipment and service from a single
source. Call your Klenzade Technical Representative
today. Or the home office.

For completeness, quality and cost control, it's
KLENZADE PRODUCTS, Division of Economics
Laboratory, Inc., Beloit, Wisconsin.

CALL KLENZADE
and put some real pressure

on plant
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SOLBRAMRIR LA ) B2

THE ONLY Approved
SANITARY METHOD OF APPLYING
A U. S. P. LUBRICANT
TO DAIRY & FOOD
PROCESSING EQUIPMENT
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P This Fixe
e Wis-Bike
U.S.P. LIQUID PETROLATUM SPRAY Hy S SPRAY .

0.5, UNITED STATES PHARMACEUTICAL STANDARDS

CONTAINS NO ANIMAL OR VEGETABLE FATS. ABSOLUTELY
NEUTRAL. WILL NOT TURN RANCID — CONTAMINATE OR
VAINT WHEN IN CONTACT WITH FOOD PRODUCTS.

SANITARY—PURE
ODORLESS —TASTELESS

SANITARY VALVES
HOMOGENIZER PISTONS = RING
SANITARY SEALS & PARTS
CAPPER SLIDES & PARTS
POSITIVE PUMP PARIS

GLASS & PAPER FILLING
MACHINE PARTS

and for ALL OTHER SANITARY
MACHINE PARTS which are
cleaned daily.

The Wodewt HAYNES -SPRAY (Method of Lubrication
Couporms with the Milk Ondinance and Code
Recowmended by the U. S. Public Health Sewice

The Haynes-Spray eliminates the danger of contamination which is
possible by old fashioned lubricating methods. Spreading lubricants
by the use of the finger method may entirely destroy previous
bactericidal treatment of equipment.,

oo 2oz cms e cion— THE HAYNES MANUFACTURING CO.
SHIPPING WEIGHT—7 LES. 4180 Lorain Avenue e Cleveland 13, Ohio
HAYNES-SPRAY INGREDIENTS CONFORM WITH FDA REGULATIONS AND CAN BE

SAFELY USED AS A SANITARY LUBRICANT FOR FOOD PROCESSING EQUIPMENT
WHEN USED IN COMPLIANCE WITH A EXISTING FOOD ADDITIVES REGULATION.

HAYNES

SELF-CENTERING

SNAPTITE

*
MADE FROM
sizes 1" -1%"

woyow TEFLON'
“The Sophisticated Gasket”

THE IDEAL UNION SEAL FOR
BOTH VACUUM AND
PRESSURE LINES

Gasket Color« « «
slightly off-white

SNAP-TITE self-centering gaskets of TEFLON are designed for all
standard bevel seat sanitary fittings. They SNAP into place provid-
} ing self-alignment and ease of assembly and disassembly.
¥ HAYNES SNAP-TITES of TEFLON are unaffected by cleaning solu-
- tions, steam and solvents, They will not embrittle at temperatures
as low as minus 200° F. and are impervious to heat up to 500° F.

FOR A FITTING GASKET THAT WILL OUT-PERFORM ALL OTHERS...
s

’ Speciby . . . HAYNES SNAP-TITES of TEFLON

® TEFLON ACCEPTED SAFE FOR USE ON FOOD & PROCESSING
EQUIPMENT BY U. S. FOOD AND DRUG ADMINISTRATION

*Guske's made of DuPont TEFLON © TFE-FLUOROCARBON RESINS

THE HAYNES MANUFACTURING COMPANY

4180 LORAIN AVENUE ° CLEVELAND, OHIO 44113
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HAYNES SNAP-TITE GASKETS

MOLDED TO
PRECISION STANDARDS

“FORM-FIT" WIDE FLANGE
HUGS STANDARD BEVEL
SEAT FITTINGS

DURABLE
GLOSSY SURFACE

) LOW COST...RE-USABLE

) LEAK-PREVENTING
NEOPRENE GASKET for Sanitary Fittings

Gheck these SNAPTITE Advantages

Time-saving, easy to assemble
Self-centering

No sticking to fittings
Eliminate line blocks

Ddorless, polished surfaces, easily cleaned Help overcome line vibrations

DESIGNED TO
SNAP INTO
FITTINGS

fight joints, no leaks, no shrinkage
Sanitary, unaffected by heat or fats
Non-porous, no seams Or crevices

Withstand sterilization Long life, use over and over

Available for 17, 1%", 27, 2%" and 3” fittings.
Packed 100 to the box. Order through your dairy supply house.

THE HAYNES MANUFACTURING CO.
4180 Lorain Avenue ¢ Cleveland 13, Ohio

A HEAVY DUTY SANITARY LUBRICANT

.Auai/aé/e in AO[A
SPRAY anp TUBE

All Lubri-Film ingredients are
approved by F.D.A. and can be
safely utilized as a lubricant for
food processing equipment when
used in compliance with an exist-

ing food additive regulation.

.. Navnes

ESPECIALLY DEVELOPED FOR LUBRICATION OF FOOD
PROCESSING AND PACKAGING EQUIPMENT
For Use in Dairies — lce Cream Plants — Breweries =
Beverage Plants — Bakeries — Canneries — Packing Plants

SANITARY « NON TOXIC  ODORLESS e TASTELESS

SPRAY — PACKED 6 — 16 OZ. CANS PER CARTON
TUBES — PACKED 12 — 4 OZ. TUBES PER CARTON

THE HAYNES MANUFACTURING CO.
CLEVELAND 13, OHIO




Why is the

ADVANCED MILK CRYOSCOPE

@ the recognized leader in cryoscopy?

Here are a few user reasons: .

. Firstiin Sales.
. Most Official & University users.

B N

. First “Hot-Line” Customer service:
®
®
®

service
®
engineers
@ Most complete User’s Guides

certification

Complete details on the Ad-
vanced Milk Cryoscope.are
presented in this brochure.
Write today for your copy.

formance —not just style.

collect today.

. Easiest and most Accurate to operate.

. Only Advanced Milk Cryoscopes follow the
AOAC & APHA Methods (details on request).

Collect telephone — user to factory expert
Largest stock of parts for same-day shipment
Only modular design for unplug-&replace

Largest team of local sales and service

First and Most Regional Schools and Work-
shops — continued technician training and
. Publishers of Milk Cryoscopy News.

. Only Cryoscope continually improved for per-
Always follows
Uniform Universal Thermodynamics.

For 15 other exclusive features, write or call

ADVANCED

q o
‘! INSTRUMENTS, Inc.

43 Kenneth Street / 617 DEcatur 2-8200
Newton Highlands, Massachusetts, 02161

CLASSIFIED ADS

POSITIONS AVAILABLE

POSITION AS PUBLIC HEALTH SANITARIAN—General
Environmental Health Program: Includes inspection of
Restaurants, Sewage Disposal Facilities. Trailer Parks,
Schools, Summer Camps, Lakes & Stream Pollution Con-
trol and other environmental health work. Thirty-five
hour week, 10c per mile, mileage allowance, 11 paid holi-
days, vacation and insurance. Salary $6,000 to $7,000
annually, depending on qualifications and experience.
Contact: St. Joseph County Health Department, Centre-
ville, Michigan.

SANITARIAN: For general county program. Experienced
preferred. B.S. degree. Equivalent experience may be
substituted for educational reaquirement after evaluation.
Salary open, based on experience and education; trans-
portation furnished. Liberal retirement benefits, va-
cation and sick leave. Suburban and rural population of
100,000; close proximity to major city. Apply Dr. A. W.
Van Sickle, M.D., Health Commissioner, Clermont County
Health Department, Box 365, Batavia, Ohio 45103.

II

WANTED: General Environmental Sanitarian for City
Health Department. Starting salary is $7,000.00 to $7,800.-
00 plus car or car allowance, retirement, hospital insur-
ance and other liberal benefits. Contact: E. Cornfield,
M.D., M.P.H. Director of Health, City Hall, Bristol, Conn,

WANTED: General Environmental Sanitarian for rural
county health department. Starting salary range $6024-
6972, depending on training and experience. Travel al-
lowance, retirement, hospital insurance, and other liberal
fringe benefits. Must be eligible for state registration.
Contact: R. W. Eastwood, M.D., Box 637, Lewiston, Idaho,
83501.

FOR SALE

Single Service milk sample tubes. For further in-
formation and a catalogue please write, Dairy Technology
Inc.,, P.O. Box 101, Eugene, Oregon.

Classified Ad Rates 10c Per Word—Minimum  1.00
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~ Think you can stick us with your dirty work ?

Go ahead and try.

'
Throw us the toughest cleaning or sanitizing or that never gets completely free of stain? Maybe
problem you've got. We've handled some mighty it's a blackened heat exchanger you think is un-
sticky problems, and we've yet to be stuck. cleanable. Now you know it can be cleaned.

For example: in response to a customer’s prob-
lem, a team of Pennsalt scientists recently devel-
oped a new process to remove burned-on stains
from stainless steel heat exchangers—and prevent
them from reappearing. The process not only got

Ask us how we can make our customized clean-
ing and sanitizing programs work for you, and save
you time, trouble and money.

Get in touch with us now. We’ll dispatch one of

R rid of the black stains completely, but saved the our technical representatives to survey your plant’s
: customer 51% in cleaning costs, too! cleaning and sanitizing requirements. It won't cost
y Think about it. Isn't there something in your you a cent.

’ plant that takes longer to clean than you’d like— You have nothing to lose but your stains.

Dairy and Food Department ﬁ
PENNSALT CHEMICALS CORPORATION PE N N s ALT
3 Penn Center, Philadelphia, Pa. 19102 ;
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PRESIDENTIAL ADDRESS
FIFTY-FOURTH ANNUAL MEETING
IAMFES

P. R. ELLIKER

Department of Microbiology
Oregon State University, Corvallis

Note: For purposes of general orientation of the mem-
bership Dr. Elliker has included in his Presidential Ad-
dress a summaryv of progress to date toward combining
the activities of IAMFES and NAS through the merging
of these two organizations into one professional organiza-
tion of sanitarians. This summary will be especially
valuable as reference material for discussions at forth-
coming Affiliate Association meetings. In the interest
of an informed membership, Affiliate Secretaries are
urged to give the widest publicity to President Elliker’s
Address in announcements of future meetings, news-
letters and other appropriate communications.

Editor

Dr. Myhr, distinguished guests and members of the
International Association, it is with great pleasure
that I greet you this morning with a few words con-
cerning sanitarians and our Association. I would
like to emphasize at the outset that I address you
with a real sense of pride in the accomplishments
and standing of sanitarians, in general, and decided
optimism for the future role of the sanitarian and our
Association in a rapidly changing environment. For
some months I have had a talk roughed out dealing
with the fascinating history of sanitation going back
to the sanitary regulations of Moses and Hippocrates
through the remarkable advances accomplished by
sanitarians like yourselves in this century and finally
citing problems still remaining and still to develop
with a burgeoning population. All we need to in-
dicate as evidence that you will be busy in your
respective areas for years to come are items such as
the long list of articles, animals, foods and other
sources from which salmonellae have been isolated
during the past few years and, when all other prob-
lems are solved, the tricky sanitation program asso-
ciated with space exploration.

Another reason for optimism at this time is the
improved financial condition of our Association which
with good management should continue during future
years. Furthermore, considerable progress has been
made in efforts to find a common basis of agree-
ment for considering a merger of the two large sani-
tarian associations in the U. S., the International
Alssociation of Milk, Food and Environmental Sani-
tarians and the National Association of Sanitarians.
Before discussing these developments further, T would
like to mention one other important-item.

It is with regret that we accept the resignation of

Dr. J. C. Olson, Jr. as Editor of the Journal of Milk
and Food Technology. Dr. Olson has served this
organization in his capacity as Editor with devotion
and distinction for many years. On the other hand,
we are fortunate that Dr. Elmer H. Marth of the
University of Wisconsin has consented to succeed
Dr. Olson as Editor effective September 1, 1967. We
extend to ]oe our sincere appreciation and congratu-
lations and best wishes in his new position as Director
of the Division of Microbiology, Bureau of Science,
Food and Drug Administration in Washington, D. C.
To Elmer, I would like to express, on behalf of the
Association, a hearty welcome to the staff and our
earnest desire to assist him in every way to con-
tinue the excellent editorial standards established for
the Journal.

The report of the Executive Director at the busi-
ness meeting will detail the financial condition of our
Association. I will summarize the situation by em-
phasizing that a long overdue increase in dues has
greatly improved our operating budget and will en-
able services to the organization and membership
through the Journal and in other ways that pre-
viously were not possible.

TAMFES—NAS MERGER

Initial considerations.

In approaching the question of combining activities
of IAMFES and NAS, the Executive Board first care-
tully reviewed past interassociation activity by both
organizations. The first question asked by the Board
was whether or not such a step would be beneficial
to sanitarians and associated professional groups as
a whole. The entire Board and most others con-
sulted on the problem have agreed in principle with
the idea. Many of our members and, particularly
industry representatives have strongly endorsed it.

A second condition preceding such a step is some
teeling of confidence and trust that the other Asso-
ciation will cooperate in developing common, useful
objectives. There has to be a very practical realiza-
tion that some give and take by each organization is
necessary.

Third, there also has to be some framework in the
nature of a tentative written Constitution or By—Laws
upon which to build this confidence and exchange
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of ideas. During the past year, the Executive Board,
through its ad hoc Interassociation Committee, has
progressed to this stage. The problem of interasso-
ciation cooperation on this objective has been ap-
proached in all honesty and sincerity without pre-
judice and distrust. The result, if culminated, will
be a new organization with a new name, new emblem,
and new seal, but with present officers of both
organizations, a combination of the best features of
present constitution and by—lnws, as well as present
journals and management to launch the program
over an interim period.

All that the Executive Board is attempting at the
present time is to provide a tentative set of by-laws
that can be appropriately modified by membership
of both organizations. This, in turn, will be pre-
sented to both organizations for vote by mail ballot.
If approved, the result will be one strong, unified
organization with sections for different interest
groups. If the vote is negative, both organizations
will have to look toward strengthening their indivi-
dual programs in the best manner possible.

Organizational structure—Tentative By-Laws.

I would now like to deal more specifically with
some questions concerning the proposed merger of
IAMFES and NAS that I know are of interest to
our membership. Most of this discussion will be
based on the Third Draft of the Tentative Proposed
By-Laws which represents progress to date in pro-
viding a written framework upon which to build a
new sanitarian’s organization. Copies of this Third
Draft have been provided each affiliate representa-
tive and additional copies can be made available for
those interested in studying them. Let me emphasize
again that the Proposed By-Laws represent real com-
promise to incorporate the best features of both
organizations. ‘

Categories of membership. There will be two chief
categories of membership, active and associate. Ac-
tive members may vote and hold office in the new
organization. ~Associate members will have all pri-
vileges of the organization held by active members,
except that they may not vote or hold office. Any
person who is employed full-time as a sanitarian or
in related educational or industrial activities and has
a Bachelor’s Degree with a minimum of thirty semes-
ter units of academic work in the physical, biological
and environmental sciences is eligible to become an
active member.

All present active members of TAMFES and NAS
on the date of adoption of these by-laws and those
who become active members of either association
within six months after the adoption of these by-laws
shall be considered as active members and will be
eligible to vote and hold office. This very generous

provision assures all present and future membership
in IAMFES all voting and office privileges in the
new organization. Other categories of membership
such as fellow, life, retired, honorary, student and
sustaining are described.

Publications. There will be two official publica-
tions for at least an interim period to be prescribed
by the Executive Board or Governing Council. These
will be The Journal of Milk and Food Technology
and The Journal of Environmental Health. They
will be published six times a year on alternate months.
Members would receive both Journals.

Officers. Officers of the proposed Association will
be President, President-elect, First Vice-President,
Second Vice-President, Secretary and Treasurer. Pres-
ent officers of both organization would alternate in
succeeding to the presidency of the new organization
and elections for a new second Vice-President would
be delayed until the last of the present officers has
vacated the office of Second Vice-President. Election
of the Second Vice-President will be by mail ballot.

Sections. The Association will be divided into the
following five sections: a Milk and Food, b General
Environmental Health, ¢ Water and Air Pollution,
d Housing and Urban Development and e Health
Facilities. Each section will annually elect a Chair-
man, Vice-Chairman, and Secretary. Division of the
Association into Sections is considered an important
requirement for TAMFES, because it will permit
those interested in milk and food to continue to con-
centrate on these areas in their annual meetings.
Those members of our Association interested in other
fields will find a section of their choice and new
sections can be added if the need warrants it.

Management. There will be an Executive Director
to conduct administrative and business affairs of the
Association. There will also be an Assistant Execu-
tive Director and Managing Editor to supervise
printing of publications, handle membership mailings
and serve as liaison between the Association and such
programs as 3-A Sanitary Standards, Interstate Milk
Shippers, National Mastitis Council and The Dairy
and Food Exposition.

The Executive Board shall consist of the Immedi-
ate Past-President, President, President-Elect, First
Vice-President, Second Vice-President, Secretary and
one member-at-large appointed by the Board for a
single one year term. The Treasurer and Executive
Director shall be ex-officio members.

A Governing Council of the Association will consist
of the above-named officers, together with Chairmen
of Sections and Presidents or other appropriately
designated representatives of Affiliate Associations.

¢
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Annual Meeting. There will be an Annual Edu-
cational Conference of the Association to be held at
a time and place to be fixed by the Executive Board.

General Comments. The above brief account
should provide a general picture of progress made
toward a Proposed By-Laws for the new Association.
It is obvious that the International ad hoc committee,
together with NAS representatives have drawn liberal-
ly from by-laws of both organizations. Names pro-
posed include International Environmental Health
Association, International Association of Sanitarians
and International Sanitarians Association. A new
Association emblem and a new seal will have to be
designed.

The benefits that should follow a merger of these
two associations encourage endorsement of this step.
The advantages appear to greatly outweigh the dis-
advantages. There is a place in the proposed new
organization for everyone presently employed in the
two associations. There will also be a section for

every major interest group in sanitation so that all
of our present membership will be served. Further-
more, an analysis of printing costs for both IAMFES
and NAS Journals on an alternate monthly basis (6
numbers of each per year) suggests a possible saving
of $10,000 to $15,000 annually in publication costs
alone.

I would like to leave one last suggestion with you
for consideration at this meeting and during the
coming year. A number of affiliates of TAMFES
and NAS may be ahead of the parent societies in their
thinking on the merger proposition, and T hope their
influence will be felt throughout our organization.
I have reference to the interest on the part of TAM-
FES and NAS affiliates in some states in combining
their annual meetings. If additional state affiliates
will follow this lead, I am sure they will find a com-
mon basis upon which to build one strong, nationai
organization to serve the best interests of the sani-
tarian and associated professional groups.

AMENDMENT TO
3-A SANITARY STANDARDS FOR MULTIPLE-USE PLASTIC
MATERIALS USED AS PRODUCT CONTACT SURFACES
FOR DAIRY EQUIPMENT

Serial #2002

Formulated by
International Association of Milk, Food and Environmental Sanitarians
United States Public Health Service
The Dairy Industry Committee

The “3-A Sanitary Standards for Multiple-Use Plastic Materials Used as Product Contact Surfaces for
Dairy Equipment, Serial #2000,” are hereby further amended as indicated in the following:

Section I. Standards for Acceptability, Sub-paragraph
(2)

Add the following material to the list of Generic
Classes of Plastics:

Acrylonitrile butadiene styrene  0.30 0.45 0.90
Section I. Standards for Acceptability, Sub-paragraph
(2)

In the list of Generic Classes of Plastics substitute
the following in place of the present class which is
designated, “Fluorocarbons”:

Fluorocarbons ’

*CTFE, TFE and FEP types 0.05 0.05 0.05
Vinylidene fluoride types 0.05 0.05 0.15
*The values shown for CTFE, TFE, and FEP types
are not under consideration at this time—no change
is indicated here. (These are already included in
the Standard). The amendment relates to the ar-
rangement of these values, and to the introduction of
the vinyl type with a different value shown for the
Solution ]. figure.
This amendment shall become effective Oct. 25,
1967.
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EVALUATION OF METHODS FOR DETERMINING
THE BACTERIAL POPULATION OF FRESH FILLETS

RemEeDIOS SiLVERRIO AND R. E. LEvin

Department of Food Science and Technology
University of Massachusetts
Ambherst, Massachusette 01002

(Received for publication April 17, 1967)

SUMMARY

The use of a nutrient broth consisting of 0.5% tryptone,
0.25% yeast extract, and 0.1% dextrose for blending and dilut-
ing fish tissue resulted in a 10 fold higher count compared
to that obtained when distilled water was used. No specific
preference was shown for yeast extract, beef extract or tryptone
for yielding maximum total counts between 0.1 - 0.5% concen-
trations. A fish infusion agar representing a 1:10 dilution
of fish tissue in distilled water yielded lower counts than con-
ventional nutrient media. The addition of 0.1 - 0.5% glucose,
glycerol, and sodium lactate to a basal medium of 0.1% yeast
extract and 0.2% tryptone failed to increase total counts above
those obtained with the basal medium alone. The addition
of 0.05% - 0.5% sodium citrate to enumerating media markedly
suppressed the total count; 0.3% reduced the count by 64%
from fresh haddock and by 95% from stale haddock. The
addition of 0.1 - 0.5% NaCl to enumerating media did not
influence total counts but was essential for pigment formation
by Pseudomonas putrefaciens. Plate counts determined at 20
and 25 C exceeded those from plates incubated at 3 C from
fresh haddock while the reverse was true for stale haddock.

Throughout the literature there is a lack of uniform
methodology in determining the total number of
aerobic and facultatively anaerobic bacteria on fish.
A variety of media, diluents, and incubation tempera-
tures have been used by many workers (4, 6, 7, and
8). This study was designed to determine the in-
fluence of various media, diluents, and incubation
temperatures on the total bacterial counts from fish.

MATERIALS AND METHODS

All counts in this study were obtained from unfrozen had-
dock fillets. Unless otherwise specified Difoco media and
ingredients were used throughout. Fish tissue was prepared
for total counts by blending 30-g samples with 270 ml of
diluent for 2 min. The blending menstruum and that used
for serial dilutions was composed of the basal plating medium
used in each respective experiment exclusive of the agar un-
less otherwise stated. Photomicroscopy was performed with
a Car! Zeiss standard model GFL light microscope with an
apochromomatic oil immersion objective (N.A. 1.32) and
Nikon camera back. Flagella were detected using the staining
method of Leifson (3).

ResuLts

Influence of dilution menstruum on bacterial counts.
The effect of distilled water versus broth for blend-
ing and diluting fish tissue was determined by blend-

ing samples from the same fillet in both distilled
water and a broth consisting of 0.5% tryptone, 0.25%
yeast extract, and 0.1% dextrose in distilled water at
pH 7.0. Serial 1:10 dilutions were then prepared in
tubes of the same menstruum used for blending each
respective sample and were plated in duplicate using
Plant Count agar. Two sample fillets were used.
Duplicate samples from each fillet were subjected to
the two blending and suspending menstrua. The
counts obtained with broth as diluent yielded a 14-
fold higher count than distilled water from the first
fillet and a 6-fold higher count from the second fillet
resulting in an overall 10-fold difference in mean
counts between both menstrua (Table 1). These
results indicate the necessity of blending and diluting
samples in a menstruum of sufficiently high enough
solute content to prevent osmotic destruction and
damage to the cells in order to obtain maximum
counts.

TasLe 1. EFFecT oF DILUENT ON BACTERIAL COUNTS FROM
Happock FiLLeTs*

Mean counts (X103) per g fish

Fillet T Fillet II
Diluent Trial 1 Trial 2 Trial 1 Trial 2
Distilled water 1.1 1.0 3.9 3.5
Mean 1.1 3.7
Broth" 15.5 18 21.8 22.5
Mean 15.8 22.2

“Incubation was at 20 C for 3 days. Each indicated count is

the average of duplicate plates.

"Broth used for blending and subsequent dilutions consisted
of: 0.5% tryptone, 0.25% yeast extract, and 0.1% dextrose in
distilled water at pH 7.0.

Stucies on media composition.

The efficiency of a fish infusion agar was evaluated
after being prepared by blending 1 part by weight
of fresh fillets using equal portions of haddock, floun-
der and swordfish, and 9 parts distilled water. The
mixture was boiled for one-half hour and then strain-
ed through 2 layers of cheese cloth and filtered. The
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volume was restored with distilled water, 1.5% agar
added and the pH adjusted to 7.0. The fish infusion
yielded lower counts when compared to media con-
taining tryptone or yeast extract (Table 2) even
when 0.1% glucose was added. An additional dis-
advantage to the use of fish infusion agar was the
cloudiness of the resulting medium which made it
difficult to discern small colonies. The possibility
that a more concentrated fish infusion might have re-
sulted in higher colony counts cannot be discounted,
however, its inconvenience in preparation and result-
ing opacity do not favor its use.

TabLE 2. ConMPARISON OF BacTrriaL CouNTs WITH FisH
INFUSION AGAR AND TRYPTONE GLUCOSE YEAST
ExTRACT AGAR"

(X10%) per g fish

after incubation time (days)®

Mean counts

Agar medium 1 2 3 4
0.1% tryptone + 0.1% glucose  15.0 170 197 203
0.5% tryptone -+ 0.1% glucose

+ 0.5% yeast extract 21.0 179 208 213
Fish infusion 2.5 102 134 148
Fish infusion -+ 0.1% glucose 5.5 95 140 164

“Incubation temperature was 20 C. Each indicated count is
the average of duplicate plates.
"Refers to incubation time of plates.

In order to determine the optimum concentration
of yeast and beef extracts to be incorporated in enu-
merating media a basal medium was prepared con-
sisting of: 0.5% tryptone, 0.1% glucose and 1.5% agar
in distilled water at pH 7.0. The addition of 0.1 -
0.5% yeast and beef extracts to the basal medium fail-
ed to yield significantly higher counts compared to
those obtained with the unsupplemented basal med-
ium (Table 3).

To obtain additional information on the organic
nitrogen requirements for maximum colony develop-
ment a basal medium consisting of 0.1% yeast ex-
tract, 0.1% glucose and 1.5% agar in distilled water
was supplemented with 0.1 - 0.5% tryptone and casein
hydrolysate. The results failed to show a consistent
and significantly higher number of colonies when
these supplements were added to the basal medium
(Table 4).

To evaluate the effect of various carbon and energy
sources on total counts a basal medium consisting of
0.1% yeast extract, 0.2% tryptone, and 1.5% agar dis-
tilled water at pH 7.0 was supplemented with 0.1 -
0.5% glucose, glycerol, sodium lactate and sodium
citrate. None of the four carbon compounds used
yielded consistently higher counts than the basal
medium alone (Table 5). Of notable significance
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TasLE 3. EFFECT OF MEDIUM WITH VARIOUS LEVELS OF YEAST
AND BEEF EXTRACTS ON THE BACTERIAL COUNTS
rroOM Happock FILLETS

Mean counts (X10%) per g fish

Medium Tillet I Fillet II
Basal medium (BM)" 180 40.5
BM -+ 0.5% yeast extract 200 57.5
BM -+ 0.3% yeast extract 130 475
BM -+ 0.2% yeast extract 150 49.0
BM -4 0.1% yeast extract 200 48.0
BM + 0.5% beef extract 210 29.5
BM 4+ 0.3% beef extract 200 42.0
BM + 0.2% beef extract 120 45.5
BM 4+ 0.1% beef extract 140 36.0

“Incubation was at 20 C, for 4 days. Each indicated count is

the average of one or more dilutions plated in duplicate.
=g

"Basal medium (BM) consisted of 0.5% tryptone, 0.1% glucose
and 1.5% agar.

TasLe 4. ErFect ox TorarL Count oF VARIOUS CONCENTRA-

TI0Ns OF TRYPTONE AND CASEIN HYDROLYSATE ADDED TO A

Basar Mepom orF 0.1% Yeast Extracr, 0.1% GLUCOSE AND
1.5% Acar aT PH 7.0%

Mean count (X103) per g fish

Nitrogen supplement Fillet I Fillet IT
Basal medium (BM) 129 535
BM + 0.5% tryptone 148 500
BM + 0.3% tryptone 120 520
BM 4 0.2% tryptone 113 595
BM + 0.1% tryptone 106 525
BM -+ 0.5% casein hydrolyzate 133 620
BM + 0.3% casein hydrolyzate 137 430
BM -+ 0.2% casein hydrolyzate 148 590
BM 4+ 0.1% casein hydrolyzate 143 485

“Plates were incubated at 20 C for 4 days.

was the dramatic reduction in counts due to the
presence of sodium citrate; 0.3% caused a 64% re-
duction in count with fresh fish (Trial I, Table 5)
and a 95% reduction in count with stale fish (Trial II,
Table 6).

The rate and number of colonies developing during
continued incubation of the plates containing 0.2%
carbon compounds (Table 5) and the composite
GGCL supplement are plotted in Figure 1. The rate
of colony formation is notably suppressed with sodium
citrate in the medium in counts from both fresh and
stale haddock,
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FRESH HADDOCK

1201~

1001~

MEAN COUNTS (XI0%)PER G M FISH

401~

201

INCUBATION TIME (DAYS)

Figure 1. Effect of various carbon sources on bacterial
counts from fresh and stale haddock. @ basal medium (BM)
(see Table 5); il BM + 0.2% sodium lactate; [] BM + 0.2%

The addition of 0.1 - 3.5% NaCl to a basal medium
of plate count agar failed to have any consistent
influence on the total number of developing colonies
(Table 6). The use of sea water in place of distilled
also failed to yield a significantly higher count. The
presence of 0.1 - 3.5% NaCl did give rise, however, to
the development of reddish brown pigmented colonies
which were not as intensely pigmented in the ab-
sence of salt. Such colonies often constituted over
50% of the population. Several of these pigmented
colonies were streaked onto plate count agar with and
without salt. Resulting colonies were notably pig-
mented in the presence of salt while those on salt-
free agar either were slightly pigmented or lacked
pigment entirely The organism was facultatively psy-
chrophilic, gram negative, proteolytic in gelatin deeps,
produced H.S and was polarly flagellated (Figure 2),
indicating it to be Pseudomonas putrefaciens which
Castell et al. (2) reported isolating from fresh and
frozen cod fillets. The readily observed presence of

STALE HADDOCK

9.
120k W !

60~

MEAN COUNTS(XIO"’)PER GM FISH

20t

INCUBATION TIME (DAYS)

glycerol; O BM 4 0.2% glucose; X BM + 0.1% sodium lac-
tate, 0.1% sodium citrate, 0.1% glycerol, and 0.1% glucose; A
0.2% sodium citrate.

this intense fish spoilage organism afforded by the
addition of salt in the enumerating medium and the
observation by Castell et al. (2) that with some strains
little or no growth occurs in culture media in the
absence of salt indicate the desirability of incorpor-
ating at least 0.1% NaCl.

Effect of incubation temperature on total counts from
haddock fillets.

Fish of high quality designated as fresh, and fish
stored at 3 C for 7 days after procurement designated
as stale were used. Counts at 3 C exceeded those at
20 and 25 C only from stale fish (Table 7, Figure 3),
confirming the observation by Castell et al. (I). This
higher count at 3 C from stale fish constituted a 24%
increase over the count at 20 C and a 30% increase
over the count at 25 C. The count at 3 C exceeded
the count at 30 C from fresh fish by 20% and by 49%
from stale fish. With fresh fish the count at 3 C ex-
ceeded the count at 35 C by 85%; with stale fish the
count at 3 C exceeded the count at 35 C by 96%.
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TasLE 6. EFFEcT OF VaRrious SALT LEVELS ON PLATE COUN1S
rroM Happock FiLLETS"

Mean counts (103) per g fish®

I 11 111 v - v VI
Medium Fresh Fresh Fresh Fresh Fresh Stale
Basal medium® (BM) 56 22 59 76 1.06 113
BM 4 3.5% NaCl 63 22 54 3.9

BM 2.0% NaCl 74 16 638 5.1
9

BM 1.0% NaCl 6.9 1. 5.3 94 1.01 110

BM 0.25% NaCl 104 2.0 75 96 1.16 110

BM 0.1% NaCl 27 67 89

BM sea water 6.8

i
n

BM + 0.5% NaCl 7.0 22 64 101
+
-
-

sSix fillets (I-VI) from several sources were used. The in-
cubation time at 20 C was 5 days for plates in Trial I, 6 days
for plates in Trials IT, 111, IV, and V, and 4 days in Trial V1.
"Each indicated count is the average of duplicate plates in
Trials T and II, and 4 plates in Trials 111, 1V, V, and VI
“Basal medium used was plate count agar.

a0 & k’.,, '.ujv. }
PSR . "5

Flagella stain of Pseudomonas putrefaciens iso-
X 4,440.

Figure 2.
lated from haddock fillet on salt agar.

These results confirm the observation by Shewan (5)
that most organisms.on fish are psychrophilic. Castel
et al. (1) concluded that the lack of relationship be-
tween counts at 37 C and those at or near 0 C show-
ed that the former has no value in estimating the
keeping time of fillets stored at or near 0 C. The
counts at 20 and 25 C appear to be a satisfactory
compromise among all the incubation temperatures
used for maximum enumeration at one temperature
within the shortest incubation time. Castell et al.
(1) in correlating counts at 25 C with those at 2 C
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concluded that the former gave a rough estimate of
the keeping time of fillets stored at 0 C but indivi-
dual results at 25 C especially when the counts are
excessive cannot be relied upon to correlate with
counts at 2 C.

There is no doubt that the potential refrigerated
storage life of a fillet is reflected most closely by
enumeration of the psychrophilic flora (1). The high-
er counts obtained from stale fish on incubation of
the plates at 3 C compared to the lower counts at
20 C can only be explained by the selective growth
of obligate psychrophiles during refrigerated storage.
If fillets are excessively mishandled or contaminated
during processing high mesophilic counts resulting
will not be indicated by incubation of the plates at
3 C. A more meaningful determination of the bac-
terial quality of fillets will therefore be afforded by
counts at both 3 and 20 C and by using the result-
ing ratio as an additional index of quality.

TaBLE 5. EVALUATION OoF MEDIA WITH VARIOUS
CARBON SOURCES"

Mean counts (X103) per g fish

Carbon source Trial T Trial IT  Trial Il  Trial IV
Basal Medium (BM)" 4.4 119 3.9 22.2,
BM -+ 0.5% glucose — — 3.8 —
BM 4+ 0.4% glucose — - 2.6 —
BM -+ 0.3% glucose 3.8 100 2.6 —
BM -+ 0.2% glucose 4.0 100 2.9 20.9
BM + 0.1% glucose 4.2 104 3.4 —
BM -+ 0.5% glycerol - - 34 —
BM -+ 0.4% glycerol - — 3 —
BM -+ 0.3% glycerol 4.7 130 3.8 —
BM -+ 0.2% glycerol 4.2 110 3.3 23.9
BM -+ 0.1% glycerol 4.6 107 4.1 —
BM -+ 0.5% sodium lactate — — 3.9 —
BM + 0.4% sodium lactate  — — 3.7 —
BM + 0.3% sodium lactate 5.4 108 3.7 —
BM + 0.2% sodium lactate 5.2 112 3.9 22.8
BM + 0.1% sodium lactate 3.8 114 3.2 -
BM + 0.5% sodium citrate — 9.5 — —
BM 4+ 0.4% sodium citrate — 8.0 - —
BM -+ 0.3% sodium citrate 1.6 5.8 — —
BM 4+ 0.2% sodium citrate 1.9 7.3 — —
BM + 0.1% sodium citrate 2.8 14.2 — —
BM + 0.05% sodium citrate — 49.2 — —
BM -+ GGCL® supplement 2.3 39.0 - -

“Fach indicated count is the average of duplicate plates in
Trials I and II, Triplicate in III and 4 plates in IV. Incu-
bation was at 20 C for 8 days for Trial I and 6 days for
Trials 11, 111, and IV. Fish samples were procured fresh in
Trials I, 111, and IV and held until stale for Trial II.

"Basal Medium (BM) consisted of 0.1% yeast extract, 0.2%
tryptone, 1.5% agar, and distilled water at pH 7.0.

“GGCL supplement consisted of 0.1% glucose, 0.1% glycerol,
0.1% sodium lactate, and 0.1% sodium citrate.
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Figure 3. Effect of incubation temperatures on bacterial
counts from fresh and stale haddock fillets. Plates were in-

TaBLE 7. EVALUATION OF INCUBATION TEMPERATURES FOR
BacTERIAL COUNTS FROM FRESH AND STALE HADDOCK FILLETS®

Mean counts (X103) per g fish after

Incubation
temperature incubation time (days)"®
Fish (c°) 2 4 6 8
Fresh haddock 3 0.025 0.31 1.49 1.57
10 1.07 2.18 2.28
15 1.45 1.79 1.67
20 1.92 191 1.81 1.58
25+ 1.56 1.63 1.71 1.28
30 1.19 1.23 1.25 1.26
35 0.14 0.21 0.23
Stale haddock 8 13 280 1700 1460
10 1370 1380 1330
15 1870 1550 1480
20 1550 1330 1310 1260
25 1510 1590 1200 1180
30 990 840 870 970
35 54 62 62

“Fach count is the average of 2 dilutions plated in 4 replicates.
Decreased count at the end of incubation time is due to con-
fluent overgrowth of colonies. The enumerating medium con-
sisted of: 0.2% yeast extract, 0.2% tryptone, 0.2% sodium lact-
ate, 0.25% sodium chloride, and 1.5% agar in distilled water
at pH 7.0.

"Refers to days of incubation of plates at the respective tem-
peratures.

EVALUATION OF METHODS

251 STALE HADDOCK

201

MEAN COUNTS(XIO7) PER G M FISH

’/’ A _Aa33C

2 4 6
INCUBATION TIME (DAYS)

cubated at the respective temperatures and the number of
developed colonies plotted against time of incubation.
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SUMMARY

Starter bacteria play very important roles in the cheese vat
including major contributions to flavor development and con-
trol of harmful microorganisms; hence, starter production is
the single most important operation in Cheddar cheese pro-
duction. Thus, the proper selection, blending, preservation,
and packaging of starter strains by the culture suppliers and
the adoption of strict sanitation, temperature control, and
standardized procedures in cheese plants for bulk starter pro-
duction would contribute toward ensuring a sound and un-
failing starter program in the cheese industry.

Of the various ingredients that go into a cheese
vat, none is more important than the cheese culture.
This culture is appropriately called “starter” because
it initiates (starts) most of the reactions and changes
that take place in the vat during the manufacture of
cheese, and the starter’s effects extend into the ripen-
ing period as well.

In short, the starter culture to a large measure de-
termines the final body, texture, and flavor of the
cheese when it reaches the consumer. Because of
the wide-ranging effects on the marketable quality
of the final product, the type, quality, make-up, and
preparation of the starter are of primary concern to
the Cheddar cheese industry.

To fully appreciate these attributes, it is necessary
to understand the over-all functions of the starter in
the manufacture and ripening of Cheddar cheese.
For the most part, these same activities are required
in the manufacture of other varieties of natural
cheese. The starter performs two important functions,
(a) acid production in the vat at a rapid, but uni-
formly apposite, rate, and (b) development of flavor.

Acmn PropuctioNn

The need for carefully regulated acid-production
rates is realized when the role of acidity in the suc-

"Editorial Note: First of two papers dealing with two im-
portant aspects of cheese making technology having par-
ticular significance relative to the public health safety and
consumer acceptance of cheese.

*Journal Paper No. J-5669 of the Iowa Agricultural and Home
Economics Experiment Station, Ames, Iowa. Project 1488.
“Presented at the Dairy Industry Conference, lowa State
University, Ames, Iowa, March 29, 1967.

cessive steps of Cheddar cheese manufacture is con-
sidered. For example, initial acid production in the
cheese milk is needed for the coagulation of milk by
rennet. Acid formation in milk releases free calcium
ions from the bound state, which are necessary for
the rennet to bring about the clotting of milk (10).
Acid also weakens the dispersed phase of colloidal
casein by neutralizing the electrical charges or Zeta
potential (31). Further acid production beyond that
formed up to the time of setting is necessary for the
expulsion of moisture (or whey) from the curd cubes
(13). Beyond this point, continued acid production
during matting and cheddaring helps to control body
and texture characteristics (13).

Such “programmed” acid production protects the
product from growth and development of undesirable
microorganisms. These include spoilage types of bac-
teria, such as pseudomonads, Bacillus species, and
clostridia, that may cause gassiness, off-odors, off-
flavors, discoloration, rust spots, gas blowing, putre-
faction, etc., as well as disease-causing microorgan-
isms, such as Staphylococcus aureus,, Salmonella, and
Clostridium botulinum (1, 8, 13). Relatively few out-
breaks of food poisoning have been traced to cheese,
and in cases where cheese has been incriminated, the
lot of cheese in question invariably has had a history
of insufficient acid production attributable to inactive
or insufficiently active starters.

Finally, the acid as such, imparts a portion of the
over-all characteristic flavor of Cheddar cheese, us-
ually described as “the pleasant acid taste and sharp-
ness” (12). This contribution will be considered at
greater length.

It is no wonder that the progress of the entire
cheese making operation is monitored by titratable

acidity or pH measurement at various stages (see
Table 1).

Fravor DEVELOPMENT

The second important function of the starter is
the role it plays in developing the characteristic flavor
of Cheddar cheese. This is manifested in two ways,
by direct contribution, as noted, or by indirect con-
tribution to flavor.

The direct contribution is due to (@) the compounds
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TaBLeE 1. CHANGEs OCCURRING DURING THE MANUFACTURE OF CHEDDAR CHEESE
Conditions in the vat
Step in the m P T Changes occurring in
manufacture Duration Temp. DH/acidity the cheese milk or Purpose of the step in the
No. of cheese of process Sa 0l St Ebv cheese curd manufacturing process
Flash heat- Held for 147 6.6/ 6.6/ Expulsion of dissolved To eliminate undesirable flora such #
1 ing of 16 sec 0.16 0.16 gases and volatile odors. as coliforms, psychrophiles, yeasts, .
cheese milk. Partial destruction of and staphylococci. &
microflora, and h
natural milk enzymes.
Ripening of Increase in acidity and To initiate rapid microbial growth.
2 milk after 86 86 6.6/ 6.5/  shift in salt balance. For liberation of soluble Ca and
addition of 60 min 0.16 0.17 Growth of starter neutralization of Zeta potential.
1% starter. organisms. To facilitate rapid rennet coagulation.
“Setting”— Formation of smooth To rapidly coagulate milk to form a
Addition of 20-30 shrinkable matrix due uniform, smooth coagulum.
3 rennet and (prefer- 86 86 6.5/ 6.4/ to uniform coagulation.
allowing ably 30) 0.17 0.12
milk to min
coagulate.
Cutting of 86 86 6.4/ 6.4/ Large mass of curd cut To expel entrapped moisture as
4 curd. 10 min® 0.12 0.12 into small cubical or whey. Increase surface area for
rectangular pieces with expulsion of whey as the curd
the liberation of whey. matrix shrinks.
Cooking 86 104 6.4/ 6.2/  Shrinkage and firming of To facilitate expulsion of whey
5 with 30-40 0.12  0.13 the curd. Increase in from the curd caused by the shrink-
agitation. min? whey acidity and tem- age of curd matrix with increasing
perature. Increase in temperature and acidity.
microbial numbers.
“Dipping” Starts 135 104 101 6.2/ 6.2/ Removal of whey. Ex- To remove whey from the curd. S
6 or drainage min after 0.15 0.16 pulsion of moisture due \
of whey. rennet to compaction as the y
curd settles. Slight
cooling of curd.
“Packing”— 101 101 6.1/ 6.1/ Further expulsion of To fuse curd particles into a
7 Matting of 15 min 0.16 0.18 whey due to compaction, solid mass to make convenient
curd. —0.22  tusion of curd for handling.
particles.
“Cheddar- Further expulsion of To expel whey and gas, and
ing”— 99 97 6.1/ 5.3/ whey due to pressure. develop meaty body and close
Turning and 105 min 0.18 0.55 Increase in acidity. texture.
8§ piling of (varies) —0.22 Increase in microbial
cheese curd population.  Changes
slabs. in texture.
“Milling”— Reduction in the size To facilitate uniform salting of
9 Cutting curd 97 95 5.1/ 5.1/¢ of curd slabs. Slight curd and cooling and further
into small 16¢ min 0.55 cooling of curd. expulsion of whey. Cooling to
27x17x1/2” Increase in bacterial prevent fat loss.
strips. numbers.
Salting ~ Further cooling of To allow dissolution of salt
10 (2.5% by 95 92 51/°  51/" curd. in the curd to improve flavor
weight of 20 min and to cool the curd further’
raw curd). to prevent fat loss.
Hooping— To pack the cheese curd into blocks
11 Filling for easy handling and marketing.
milled, 15 min 92 90 5.1/ 5.1/° Pressure applied to expel moisture
salted curd and fuse curd pieces.
into molds.
Dressing, 5.0/ 5.0/ To protect the cheese from molds
12 ete. etc. during curing period.

“Start of process; "End of process. (Temp. in °F)
‘Depending upon moisture level desired in finished product, up to 30 min of stirring curd in whey may precede cooking.
"Following cooking, up to 45 min of stirring curd in whey may precede dipping.
“Titratable acidity measurements no longer necessary or applicable.

¢
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(such as lactic, acetic, and propionic acids) formed
by metabolism of carbohydrates, (b) certain odor-
iferous and flavorful compounds, such as aldehydes
and ketones (acetaldehyde, acetone, diacetyl) or their
precursors such as pyruvic acid, and (¢) certain com-
pounds (alcohol, for instance ), which in combination
with others (fatty acids, for example), form import-
ant components, such as fatty esters, that contribute
to Cheddar flavor (19, 24). To a small degree, the
starter organisms also break down proteins to impart
a distinctive mellowness of flavor and solubility of
protein to the cured cheese (23, 24).

The indirect effect (or contribution) is related to
the effect of starter bacteria on the other bacteria
that grow in cheese. The population of this group
(adventitious microorganisms introduced into the
cheese from the hands or garments of the workers,
atmosphere of the cheese make room, equipment,
etc.) is controlled by the starter population and its
activity. Certain types of these accidentally acquired
bacteria (23) are considered very important in typical
flavor development of cheese. The time of appear-
ance, the proportion in the total population, and the
extent of the metabolic activity of other bacteria have
been used as indexes of flavor development (11, 22,
23).

MICROENVIRONMENT OF CHEESE DumING ITS
MANUFACTURE

To understand and appreciate the desirable qual-
ities required of cheese starters, it is necessary to
examine the physical, chemical, and biological en-
vironment and the stresses under which starter bac-
teria have to perform their functions.

Although the cheese milk usually is heat processed
before being pumped into the vats, this treatment is

- mainly intended to destroy the coliforms, psychro-

philes, -yeasts, and other heat-sensitive flora. The
heat treatment by no means eliminates other heat-
resistant flora, such as sporeformers, certain meso-
philes, thermodurics, thermophiles, bacterial-, yeast-,
and mold-spores. Thus, the starter flora must com-
pete with these other microorganisms if the milk is
heavily contaminated. Further contamination with
extraneous microorganisms from the atmosphere,
equipment, clothing, and the workers bodies occurs
during the complete manufacturing process in the
open vats. It is obvious that the entire microbiologi-
cal environment in the cheese vat is competitive.

During coagulation of the milk, the starter bacteria
are held immobile in the thickening curd. They must
be able to grow in this location to establish conditions
favorable for further growth.

As the cooking of the curd continues, the starter
bacteria are subjected to gradual heating up to a
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maximum temperature of 104 F.  (Some cheese
manufacturers are known to cook to 106 F, but this
practice is rarely encountered.) The starter micro-
organisms, therefore, have to be heat-tolerant to per-
form their functions. As the cheesemaking process
continues, there also is an increase in acidity. The
starter flora should be capable of withstanding this
increased acidity. After the curd is salted, salt toler-
ance becomes important because the degree of salt
tolerance will determine the numbers of viable starter
bacteria in the fresh, uncured cheese (20, 36).

Heat, acid, and salt concentration (apart from
being considered as separate entities affecting the
population and activity of starter bacteria) also should
be considered in terms of composite effect; i.e., the
combined effect of increasing temperature and acid
concentration and the combined effect of increased
acid and salt concentrations (33).

Finally, bacteriophages pose a serious challenge
to starter flora during cheese manufacture. Other
bacterial inhibitors, such as residual antibiotics and
quaternary ammonium compounds, also are import-
ant. Since it is easier to police improper usage of
antibiotics and quaternary compounds, however, the
main cause of trouble is bacteriophage (6).

DESIRABLE PROPERTIES IN STARTER CULTURES

Having considered the functions of starters in
cheese and the conditions under which these proper-
ties are performed, one can now list the desirable
properties needed in starter cultures.

The bacteria in starter cultures should be vigorous,
active, and metabolically competitive to predomin-
ate the entire flora in the cheese vat. Also, they
should be present in sufficient numbers at the onset
of the make procedure. These qualities depend on
the type or strains of bacteria used in the starters
and on the manner in which the cultures were made,
shipped, stored, and propagated. The starter micro-
organisms should be chosen on the basis of rate of
acid production under the entire range of tempera-
tures attained in the cheese vat. Activity tests to
meet these criteria have been developed (15). Addi-
tionally, starter bacteria should be tested for acid and
salt tolerances and capability to withstand the com-
bined effect of heat and acid and salt concentrations
(7, 33).

Most bacteriophages attack only one specific type
of bacteria. So by having more than one type of
bacteria in the starter, one can insure against com-
plete failure of the starter in the cheese vat. Hence,
the mixed-strain starter should consist of bacterial
types of unrelated phage-susceptibilities (6).

In addition to these considerations, there are other
desirable properties.
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Some strains of bacteria commonly used in cheese
starters produce enormous amounts of gas (27). Such
types cause floating curd in the vat (25) and severe
gas-induced openness and splitting in the finished
cheese (33). These types should be eliminated from
the culture mixtures compounded for cheesemaking.

Certain varieties of lactic-acid bacteria used in
starter cultures produce antibiotic substances against
other strains, and certain others exhibit “antagonism”
and “dominance” in mixtures. Therefore, strains to
be used for making up composite cultures should be
screened for “compatability” (3, 5, 35).

Studies made in Canada (9) showed that certain
types of starter bacteria that lacked good protein-
splitting ability produced bitter cheese in repeated
trials. The bitterness was due to incomplete break-
down of proteins. Some dipeptides and polypeptides
have a bitter taste. Thus, the selection of strains that
do not produce bitter flavors (presumably, strains
with sufficient proteolytic ability) also is important.

Work done in Australia (7), New Zealand (22), and
in the U. S. (35) has shown that certain types of starter
bacteria predominate in the cheese during ripening
for prolonged periods and thus suppress the appear-
ance, growth, and metabolic activity of the adventi-
tious bacteria considered necessary for normal flavor
development in the cheese. Such types should be
eliminated from the starter mixtures to prevent ab-
normal flavors or lack of full flavor in the final
product.

Recent investigations have shown that there is a
definite relationship between the use of certain strains
in starter mixtures and the development of fruity
flavor in Cheddar cheese (33). Such strains accumu-
late high concentrations of certain compounds (alde-
hydes, ketones, and their precursors) that, by chemi-
cal combination with or by blending with other com-
pounds in the cheese, are considered to impart the
fruity off-flavor (34). A chemical test on milk cul-
tures has been developed for screening out these
undesirable bacteria. Certain other varieties of the
commonly wused starter bacteria produce “malty”
flavor, and these strains also should be avoided in
starter mixtures for cheese (17).

STARTER FLORA AND HANDLING

The types of bacteria commonly found in cheese
starters belong to the lactic group of the genus
Streptococcus.  This group comprises the species
Streptococcus  cremoris, Streptococcus lactis, and
Streptococcus diacetilactis.  Some commercial mix-
tures also contain microorganisms belonging to the
genus Leuconostoc; namely Leuconostoc citrovorum
and Leuconostoc dextranicum. These organisms can
be differentiated by simple tests described by San-

TasLe 2. Taxonomic TEsT FOR DIFFERENTIATING TYPES OF
Bacteria N CHEESE STARTERS (28)

(Coagulation Preparation

of milk in Diacetyl Dextran withy

48 hrs at produc- NHy from gy Group “ N
Organism 30 C tion arginine sucrose antiserum
S. lactis + — 4 _ 4
S. cremoris + = - _ +
S. diacetilactis 1 A .o _ +
L. citrovorum — Bk — — _
L. dextranicum — 4P - + _

*A few strains do not produce ammonia from arginine.
"Only in association with S. lactis or S. cremoris.

dine (28) and shown in Table 2. Streptococcus dia-
cetilactis and the Leuconostoc species are heterofer-
mentative and use lactose and citrate in milk to pro-
duce appreciable amounts of metabolic by-products
(such as acetic acid, acetaldehyde, alcohol, and car-
bon dioxide) other than lactic acid. Streptococcus
lactis and Streptococcus cremoris are generally con-
sidered homofermentative, although there are a few
exceptions (32). In recent investigations, Streptococ-
cus cremoris strains have been found suitable for con-
sistent production of good quality cheese; certain
strains of Streptococcus lactis and the heterofermenta-
tive species have been determined to cause fruity
tlavor in the cheese in repeated trials (33).

The proper selection and blending of bacterial
types in mixed strain starters concern primarily the
culture manufacturing laboratories. The commercial
culture suppliers have made serious attempts to in-
corporate many of the research findings in their
manufacturing processes. Many of the suppliers
screen the strains that go into the starter mixtures
for gas production (26), rate of acid production (8),
and compatability and phage susceptibilities (5).
Some starter manufacturers blend only pretested
strains to eliminate those that accumulate high con-
centrations of a certain class of chemical compounds
(carbonyl compounds) found to have an indirect re-
lationship to off-flavors in the finished cheese (33).
Several manufacturers include nutritive additives,
such as various protein hydrolysates or pancreas ex-
tracts, in starter mixtures to ensure rapid growth and
vigorous activity (4, 30). Innovations, such as quick
freezing in liquid nitrogen (at —196 C or —321 F)
and shipping in cartridges immersed in liquid nitro-
gen, have been introduced to provide maximum via-
bility and vigor of starter cultures (2, 18).

With the introduction of phage-inhibition media,
turther screening of strains for adequate growth and
activity in the specific medium recommended also
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has been adopted by culture suppliers. In general,
most of the types used in starter cultures, except
citrate-fermenting bacteria (or flavor bacteria), adapt
themselves to one brand of phage-inhibition medium
used extensively in the U. S. (14, 21). For Cheddar
cheese manufacture, citrate-fermenting (or flavor
bacteria) organisms are considered unnecessary and
oftentimes undesirable (33). Further developments
predicted in the culture manufacturing technology
include frozen concentrated cultures in droplet forms,
which could be used for direct setting of bulk starters

A successful culture program for cheese manu-
facture does not end with the acquisition of starter
cultures from a reputable culture supplier. It may
be no exaggeration to state that most of the problems
with starters arise from improper storage, propagation,
and handling of the cultures in the cheese plants.

In storing cultures, it is best to follow the instruc-
tions of the supplier. Where no instructions are
available, a good practice would be to hold them in
the freezing compartment of a refrigerator or freezer
until use. This applies to frozen liquid cultures and
lyophilized powders. The cultures fast-frozen in
liquid nitrogen should be kept in the receptacle pro-
vided by the supplier. When stored this way, all
cultures once thawed and opened should be used
completely and immediately. With frozen cultures,
rapid thawing is most desirable (2). Where culture
rotation is used to insure against starter failure due to
bacteriophage (38), a suitable program should be
arranged in consultation with the starter supplier.

In the preparation of propagation media using non-
fat dry milk solids pretested for the complete absence
of antibiotics, or phage-inhibition media, best results
are obtained by following the manufacturer’s in-
structions (14).

Recent work has clearly shown that, for consistent-
ly good results, there should be a minimum of trans-
fers from the mother-culture stage to the bulk starter.
Such a practice, not only reduces the chances of
accidental contamination, but also helps to maintain
the proper balance between strains in the mixture
(35).

In making up bulk starter, after heat treatment at
180 to 200 F for 45 to 60 min, the medium should be
rapidly cooled to the setting temperature of 72 F
(13) and immediately inoculated. Tf held for long
periods at 72 F before inoculation, survivors of the
heat treatment (Microbacterium lacticum, certain
Bacillus species, spores of bacteria, yeasts and molds,
etc.) and certain contaminants that might have acci-
dentally gained entrance, would have ideal conditions
in which to rapidly develop and increase in numbers.
This situation would permit the foreign microorgan-
isms to effectively compete with the seed bacteria

added as the inoculum. In many cheese plants, where
bulk cans are used for setting up bulk starter, often
the temperature of the milk in the individual cans
is not checked before inoculation. Milk in a bulk
can cools very slowly, and unless the can is thorough-
ly stirred before checking the temperature, the inocu-
lum may be added before the interior milk has suf-
ficiently cooled. This being the case, a high pro-
portion of the strains in the starter mixture could be
injured or destroyed by heat, resulting in an inactive
or poorly active culture. Very good activity is ob-
tained when the culture is ripened up to 0.75 to 0.85%
titratable acidity, rapidly cooled after the desirable
level of acidity is reached, and held at 38 to 40 F
until use.

A separate room, well protected from drafts from
the rest of the plant (38), provided with positive
pressure and (or) suitable air filters (37), and fitted
with chlorine-fogging facilities (29), is highly import-
ant. Such an arrangement affords good protection
to the starter culture from contamination with un-
desirable bacteria, bacteriophage, and other micro-
flora. A recent cost survey of starter production in
Cheddar cheese plants in Towa with and without
separate starter rooms has shown that the provision
and operation of a well-designed and well-equipped
separate starter room amounts to only a very small
fraction of the total cost of starter production for day-
to-day operation (16). 1In plants with a large volume,
assignment of a separate labor crew for starter room
work alone, with separate locker facilities, clothing,
and footwear would be a worthwhile investment.

Above everything else, strict sanitation in the plant
and the laboratory is the key to a successful starter
program.
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