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The History 
of Difco 

Quality Control • • • 

and what it means to you today 

Difco was developed by producing better products through 
control of quality. Now there is a history of more than 
seventy years of dedication to accuracy and dependability, 
specialized equipment, exacting materials control. 

It's a history of a unique kind of control. Difco tests 
each ingredient before it is accepted for use. 
Testing throughout preparation assures compatibility. 

The finished product is then tested for dependable 
performance under the conditions for which the product 
is intended. Result? Perfectly standardized products 
that give reproducible results every time. 

What does it mean to you? 
Assured reliability. Savings in time and money. 
Dependable microbiological results in your laboratory. 

DIFCO 
Difco Laboratories Detroit 48201 USA 
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We'd like to 
meet your 
toughest 
sanitation 
problem. 
Face to Face I 
That means people. Because t raining clean-up 
crews in proper procedures is the toughest sanitation 
problem of all . That's reality. And a close-up look 

can show us both what works and what doesn't. 

The point is, we've found there's only one way 
to build efficient sanitation programs. It starts w ith 

an on-the-job look at your problems and ends with 

Standardized Cleaning Procedures for all operations. 

Ask us about a sanitation checkup. We can help in 

many ways, from updating personnel training to 
cutting clean-up costs with our Multi-Stage High 
Pressure Cleaning System. For more information, 

write or call Glenn Weavers, Director of Sales. 

Save 25% to 50% in labor costs with Klenzade 's Multi· 
Stage Central High Pressure System. Modular design 
provides programmed flexibility and standby capacity. 
Available with one to four 5 hp pump modules, each 
delivering 10 gpm at 700 psi. 
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PROFESSIONAL ACCOUNTABILITY IN 
ENVIRONMENTAL MANAGEMENT' 

BAIL US wALKER, JR. 

Environmental Health Administration 
Government of the District of Columbia, Washington, D. C . 20002 

(Received for publication March 25, 1974) 

ABSTRACT 

Pmfessional accountability is an issue of high priority and 
great controversy in the environmental health field today . 
While it is an elusive concept, its terms of reference are in the 
broad spech·um of health, social, and economic issues either in 
the public .or private sector. It includes a curious mixture of 
technical knowledge, and social and political responsibility all 
applied to a strategy designed to meet basic human needs and 
wants. 

Of all the quests on which we are currently em­
barked, professional accountability is probably one 
of the most urgent. Indeed, this sense of urgency 
is clearly delineated in daily news media, in pro­
fessional conferences, symposia, and among consum­
ers of professional services of all types. 

In the engineering field, Charles Yoder (2), Presi­
dent of the American Society of Civil Engineers, 
devoted considerable attention to professional ac­
countability in his 1973 President's Inaugural Address. 
Referring to the questionable practices of some pro­
fessional civil engineers, he said: " ... We cannot 
and will not tolerate bribes, kickbacks , corruption 
of public officials or payments to influence award 
of professional work." 

Ludwig and Storrs (1) suggest that the engineer 
finds himself, at least in the United States, in a very 
pecular position "of having little creditability with 
the public in his own areas of expertise, including 
water quality control." 

In the medical and pharmaceutical fields: A series 
of studies reported last February to the United States 
Senate Health Subcommittee showed that more than 
half the antibiotic drugs prescribed for hospital pa­
tients either are not needed or are prescribed in­
correctly. These and related developments in the 
medical field prompted a three-column article in the 
February 25, 1974 edition of the Wall Street Journal 
entitled: "Do Doctors Need a Check Up?" The re­
porter asked: "Should a doctor, whose license to 
practice usually last for life, face relicensing? And 
should medical specialists prove they know the latest . 
'Presented as the Keynote Address before the Michigan En­
vironmental Health Association's Thirtieth Annual Conference 
on Environmental Health, Mt. Pleasant, Michigan, March 20, 
1974. 

about brain surgery, broken bone repair, or cancer 
cures?" 

For those of us on the "public payroll" there is 
continuing debate over the adequacy of our public 
service-food protection, solid waste collection, and 
a host of other governmental activities for which we 
are accountable. 

In the face of spiraling costs, legislative bodies at 
all levels of government are pressing professional ad­
ministrators to examine the long term consequences of 
their programs, and to find more palatable solutions 
than simply reducing services or increasing taxes. 
This charge within itself implies a need for a high 
level of professional accountability. 

AccouNTABILITY IssuEs 

But professional accountability cannot be achieved 
in a vacuum, and our capability to assume and main­
tain a high level of professional responsibility will de­
pend upon how effectively and realistically we deal 
with some of the broader background issues that 
determine how effectively we promote professional 
growth and development in environmental manage­

ment. 
To be sure, every institution in society derives its 

basic purpose from the objectives of society as a 
whole. The total health and environmental enter­
prise in the United States is no exception. Therefore, 
to assess our reason for being a part of the com­
munity health and welfare team, we need to look 
first at society's reasons for supporting and encourag­
ing our existence. 

The first premise upon which American society is 
built is the intrinsic importance of the individual hu­
man being. In this we differ from nearly all other 
civilizations of the past and many of the present that 
have viewed the state as the ultimate object and the 
individual human being as a tool for its advancement. 
Our highest goal, therefore, that we share with other 
institutions of our society, is to protect the integrity 
and advance the fulfillment of the individual. 

Because a healthful environment is a part of the 
foundation of individual self fulfillment, environ­
mental health ranks among society's top priorities. 

Everything we do in air pollution control, water 
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resources management, food protection, and sur­
veillance of ionizing radiation, all stem from this 
root. Society, recognizing environmental health as a 
condition of self-fulfillment, has set specific objectives 
for us. 

It has been said that "the need for a healthful en­
vironment is common to all people, it cuts across 
boundaries of occupation, race, class, and politics 

Thus, every tax dollar earmarked and every private 
dollar spent for environmental health purposes testify 
to the importance of environmental management in 
the American scheme of things. It is not by accident 
that environmental health services cost in excess of 
10 billion dollars annually. Yet, even a high level 
of environmental quality is, in essence, a means to 
a higher end rather than an end in itself. This is 
true both for the individual and for society. 

Against that background the professional environ­
mental manager will recognize that the convergence 
of new responsibilities for personal and community 
health services illuminate critical issues that transcend 
advances in engineering, the physical and biological 
sciences, or even the diminution of economic bar­
riers. 

These problems involve social and behavioral fact­
ors associated with the causation and distribution of 
disease, health practices, utilization of health services, 
and effectiveness of all services designed to protect 
and promote public health. It is here that the pro­
fessional environmental health specialist must con­
tribute to overall community health planning, not only 
at the descriptive level but even more at the level of 
program design. 

REQUIREMENTS oF AccoUNTABILITY 

Professional accountability requires that we ack­
nowledge and fully accept the fact that the focus 
of community health planning is on the consumer. 
The consumer's needs, his priorities, and his effective 
participation in environmental health programs give 
direction and meaning to community health endeavors. 

In this setting there is the continuing need for a 
communications bridge between consumers and health 
professionals. The practicing environmental health 
specialist, acting in the truest sense as consumer 
advocate, can help maintain this bridge because he 
enjoys the privilege, and more precisely, the respon­
sibility not only for directly communicating with 
other agencies, and civic and social groups, but he is 
also requir~d to deal directly with county, state, and 
federally elected legislative and administrative rep­
resentatives; all of whom can influence policy de­
cisions on health issues. 

Professional accountability requires that we be good 
students, good listeners , and good readers on the prob­
lem of the environment that we must manage. vVe 
must be sensitive to what is happening in ceqtral 
cities if we are managing a suburban or rural en­
vironment and vice versa. This means an open mind 
and a tolerant attitude regarding the proposals and 
expressions of all groups, academic, ethnic, economic, 
labor, political, and youth who participate in the 
urban or suburban environment. 

Responsible environmental managers must be great 
innovators. Such managers will be motivating mayors, 
councils, county commissioners, and community groups 
to creative actions in a wide variety of problem­
solving exercises. 

Such managers mpst perform as master teclmicians 
in meeting both physical and human problems be­
cause of their knowledge and experience. That is, 
we must supply key leadership in demonstrating the I 
workability of techniques and proposals as yet far 
from proven for state or local government. 

vVe must, if we are to be professionally responsible, 
lead successful community facilities programs, such 
as water treatment plants and improved housing, by 
assisting and advising political and other community 
leaders. In this assignment, we will need more than 
technical proficiency because significant decisions 
are hardly ever made by individuals but instead by 
a complicated process of brokerage, and bargaining 
of committee work and consensus. And so the expert 
at whatever level has the obligation not only to be 
right but also to be an effective salesman and organi­
zer who can mobilize the work of others around his 
own perception. 

Professional accountability mandates that we ac­
cept the fact that in some activities related to en­
vironmental health we will be in charge. In others 
we may be a member of a leadership team-some­
times a dominant member, sometimes a subordinate 
member. In still other situations we will not be in­
cluded on the decision-making team at all unless we 
perceive the need for environmental health repre­
sentation and work hard at including ourselves "in." 

Sometimes the environmental health related issue 
will be raised by the people of the community or by 
action leaders whose responsibilities are tangential 
to environmental health. For example, the questions 
of intensive urban rat control, and the need for Con­
gressional appropriations for such local services were 
not raised at first by environmental health specialists, 
but by "social welfare activists," who were later sup­
ported in their efforts by community health leaders. 
Sometimes we must be the one to identify the problem 
and raise the issue. In either instance we have a 
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mandate for responsible participation. 

We will not always be welcome when we propose 

coordination of effort. Coordination is easy to favor 

in the abstract. But in practice one's reactions to 

coordination of services often depends upon who is 

coordinating whom. 

Nor will we always be popular. As professionally 

responsible people and defenders of environmental 

quality we will sometimes appear to be defending 

against progress. How often have we been criticized 

for opposing more highway construction and support­

ing more mass transportation in our efforts to comply 

with the Clean Air Act of 1970? 

THE SETTING FOR AccouNTABILITY 

All of this can be summed up in a single sentence. 

Environmental health services at every level have 

entered the political and social arenas. The words 

"political" and "social" are used here in their broadest 

meanings. 

There are many lions in those arenas. But they are 

where the actions are and where our professional ac­

countability will be evaluated. 

The basic decisions affecting environmental health 

are no longer made solely within the scientific and 

engineering microcosm. They are made at the highest 

level of social policy development and decision mak­

ing. This is where the responsible environmental 

health worker belongs, as the spokesman for en­

vironmental health in pub lie affairs . 

But to function on that level we will need more 

than the traditional tools of the trade. More than 

ever before, professional accountability calls for cour-

1 age. Not all new and worthy developments, no matter 

how important to the quality of the environment or 

to human health, will be acceptable to our colleagues, 

other elements of society, or the political hierarchy. 

Under these circumstances the professionally respon­

sible admirristrator may have to make painful decisions 

and even face personal consequences. But a true 

professional must have confidence in the accuracy 

of his analysis of the problem, the wisdom of his 

course of action, and the overall good to society that 

will result from the program he proposes. 

With the decline in epidemics because of improve­

ments in the environment, and the willingness of the 

public and industry to accept sanitation as a way of 

life, we have much less need for police power and 

police methods. Today the need is for programs 

based on cooperative efforts of environmental health 

professionals, the general public, and industry. Fut­

hermore, environmental health professionals must 

come to realize that the responsibility for promoting 

a safe and wholesome environment is not solely the 

responsibility of the environmental engineer or the 

environmental scientist. 

Professional accountability dictates that we must 

now learn more than ever to shift from primary re­

sponsibility to shared responsibility and authority for 

environmental management and to develop new meth­

ods of collaboration and participation with nonpro­

fessionals in the community. 

To our benefit, the so-called nonprofessional en­

vironmentalists are no longer birdwatchers or little 

old ladies. They have become better organized and 

better infmmed and have in the main supported 

sound environmental programs, planning, and ad­

ministration. Industry has also changed its attitude 

toward environmental health so radically and in so 

short a time that our distmst of the change is both 

apparent and understandable. But in the absence of 

supporting epidemic morbidity and mortality levels, 

environmental improvements must be promoted in 

terms of human wants . 

Thus, the paramount question in the professional 

planning and administration of environmental health 

services is not so much what programs are being em­

phasized as it is what are the community's wants and 

are they given the necessary attention? There is a 

real tendency for environmental health administrators 

to continue to carry out programs developed some 

years ago while seldom, if ever, pausing to consider 

whether the program meets human wants or needs. 

Professional accountability requires a redefinition 

of goals and a shift in resources required to meet 

those goals. For example, our traditional programs 

of "housing hygiene" must now be shifted to a con­

cern for the full breadth and width of human settle­

ments, including land use planning and development 

of higher standards for the total residential environ­

ment. This shift requires more than routine housing 

inspections and related code enforcement activities. 

Too often in the past we have taken a very narrow 

view of problems that require public solutions . Re­

sults have been predictable: many problems have 

gone unsolved because of our failure to examine all 

their relevant dimensions. The system's approach 

offers a most useful strategy for overcoming this tun­

nel vision by probing the full magnitude of a prob­

lem to see it in the larger context with all its related 

elements. 
We must view food protection in terms of the en­

tire chain of events, from production on land or sea 

to the actual preparation and serving of meals and 

disposal of waste. Water quality must be viewed 

from the stages of planning, development, transporta­

tion, storage, treatment, distribution, and use on 

through to disposal or conservation and reclamation. 

Professional accountability dictates that we argue 
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for a high quality and an effective level of program 

monitoring and evaluation pmtly because these are 

inputs into future policy and program development, 

but they also help to steer and guide the day-to-day 

management of programs and services. This process 

of in-course adjustment or helmsmanship recognizes 

that under the best of circumstances we will not al­

ways be able to anticipate all problems we encounter 

in the course of implementing a program, and that 

program development continues through program 

implementation, and at each significant point of im­

plementation, professional accountability will be re­

quired and it will be put to the most severe tests . 

In these situations it may be more productive to 

think about probabilities and recognize that in many 

environmental management areas, we cannot achieve 

100% performance. In some programs 50 to 60% suc­

cess may be a good justifiable result. Unfortunately, 

we have seldom faced this problem at the beginning 

of program planning because we were of the opinion 

that only 100% performance was a mark of high pro­

fessional accountability. 

It should be clear by now that professional ac­

countability is not limited to keeping up with tech­

nological advances on one's own and related fields. 

This is only a beginning. The environmental man­

ager must participate professionally in the social and 

political systems of his community. This is where the 

action is, where decisions are made, and where funds 

and other resources originate. 

Environmental health professional societies and 

associations can no longer be dominant in determining 

environmental policy. We are only one bond in 

the spectrum of political, social, and health factors 

that the professionally responsible environmental 

health worker will consider before policy decisions 

are made. 
But a professional environmental health associa­

tion can help promote professional accountability. 

The association should lead in the constant reevalua­

tion of its membership to make sure that it remains 

efficient, and follows a high code of ethics, and main­

tains honesty and integrity. 

The association should provide programs of con­

tinuing education to lead the individual worker a 

greater understanding of disciplines other than his 

own. The association must prod the academic in-

stitutions to establish and maintain teaching and re­

search programs that will benefit the practicing en­

vironmentalist. The professional association should 

use its certification and/or registration requirements 

to promote high quality environmental health ser­

vices. 
As far as professional training is concerned, ad­

mittedly it has a role to play, but we should remind 

ourselves that training which is not geared to promo­

tion and career advancement is likely to contribute 

not to more effective utilization and professional ac­

countability but to frustration and resignation. Why 

should a person undergo training unless he can profit 

thereby? 

SuMMARY AND CoNCLUSION 

I fully recognize that environmental health work­

ers, especially in state and local environmental agen­

cies, grapple daily with restructuring, and redirection 1 

of effort and a host of other issues that impinge upon 

professional accountability. Not only are these ac­

tivities of many types, but they are continually un­

dergoing change, adaptation, and evolution. What 

is good and adequate today may be inadequate or 

outmoded tomorrow; an effective management sys­

tem this morning ro"ay prove to be an ineffective 

approach to the same problem by late afternoon. 

In contrast to most other private and public busi­

nesses there are relatively few activities in environ­

mental health that are subject to formalization or 

formularization. In most instances the product to 

be s.old tends to be intangible and the consumers 

are all people with various types and degrees of 

need, pride, prejudice, reticence, and intelligence. 

Often the "selling" of environmental health liter­

ally involves a change in habits , desires, and customs 

of people, so that a successful approach in one in­

stance may fail in other circumstances. Indeed, en­

vironmental management is a curious mixture of 

public and social responsibility and service - but 

so too is professional accountability. 
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PRELIMINARY STUDY TO DETERMINE THE FEASIBILITY OF USING A 
0.20-INCH DIAMETER DISK TO· MEASURE SEDIMENT IN FLUID MILK 

EARL 0. WRIGHT1, DoNALD K. HoTCHKiss", 

AND wARREN s. CLARK, JR.3 

Department of Food Technology 
Iowa State University, Ames, Iowa 50010 

(Received for publication February 11, 1974) 

ABSTRACT 

A preliminary collaborative study was done to determine 

whether laboratory personnel could grade raw milk for sedi­

ment content using 0.20-inch diameter as well as 0.40-inch 

diameter sediment disks . The 0.40-inch disk presently is 

used for grading sediment in mixed bulk milk samples. 

Technicians in 10 separate laboratories made 800 determina­

tions ( 80 per laboratory) of known sediment amounts on 

0.20-inch and 0.40-inch diameter standard sediment disks; 

225 ( 63.7% ) of 400 determinations made on the 0.20-inch 

diameter disk were graded accurately, whereas 187 ( 46.8%) 

of the 400 determinations made on the 0.40-inch diameter 

sediment disks were graded correctly. Based on these re­

sults, it is recommended that photoprint standards be de­

veloped for 0.20-inch diameter sediment disks and that a 

further collaborative study be undertaken. 

Sediment testing is one of thP measurements used 

to determine the quality of fluid milk. When de­

termined on milk in 10-gal cans, the procedure is 

known as an off-the bottom sediment test. In this 

test procedure a sediment gun, devised to reach 

the bottom of the can, draws up a one-pint sample 

of milk which immediately is discharged through a 

1.25-inch diameter sediment disk. The amount of 

sediment remaining on this filtering disk is graded 

I according to USDA standards (3). As milk handl, 

ing changed from cans to bulk milk tanks, this meth­

od became little-used. 
In 1954, Liska and Calbert (4) developed a sedi­

ment test method for bulk tank milk using a one-pint 

mixed sample filtered through a 0.40-inch diameter 

disk. This method appeared in Standard Methods for 

the Examination of Dairy Products (2) and was accept­

ed by regulatory authorities as an acceptable method 

for measuring sediment in a mixed sample of milk. 

However one-pint sall).ples of milk from each pro­

ducer are cumbersome for bulk milk haulers to 

handle properly. If the sample size were cut from 

one pint to 4 oz, this would facilitate handling. For 

!Present address: International Association of Milk, Food, 

and Environmental Sanitaiians, P.O. Box 701, Ames, Iowa 

50010. 
2Deparbnent of Statistics, Iowa State University. 

"Present address: American D1y Milk Institute, 130 North 

FTanklin Street, Chicago, Illinois 60606. 

this size sample to be used for sediment testing, the 

filtering diameter on the sediment disk needs to 

be reduced from 0.40 to 0.20 inch. Mechanically, 

this transition can be made easily. The purpose 

of this study was to determine the accuracy of us­

ing the 0.20-inch diameter disk to measure sediment 

in fluid milk. 

MATERIALS AND METHODS 

Ten laboratories from throughout the United States were 

selected to participate in this study . One technician in each 

laboratory was designated to make all the determinations. 

Personnel in all laboratories were fan1iliar with sediment 

testing procedUJ·es, most performing sediment tests regu­

larly. 

Sediment disks were prepared wiili known amounts of 

sediment. They were prepared according to the fine sedi­

ment standard disk procedtNe (I). Twenty samples were 

prepared in duplicate a nd sent to each laboratory for grad­

ing. One of the duplicates was graded using the 0.20-inch 

diameter disk and its duplicate was graded with the 0.40-inch 

disk. Technicians in each laboratory graded the sediment 

disks into four classes as recommended by the U. S. De­

parb11ent of Ag1iculture, Agriculture Marketing Service (3) . 

The 0.40-inch d~ameter disks were graded by comparing 

them to standard photographs (grading charts) prepared by 

the U. S. Department of Agliculture in ·cooperation wiili 

the Food and Drug Adminish·ation and the American Pub­

lic Health Association. Standard photographs for 0.20-inch 

diameter disks were not av.ailable; therefore, standards for 

0.20-inch diameter disks were prepared by removing a 

0.20-inch diameter disk from the center of the 0.40-inch 

standard disk photograph and overlaying it on an unused 

0.40-inch diameter filter disk. All laboratories received the 

same instructions for grading the sample disks . 

RESULTS AND DISCUSSION 

Laboratory technicians detennined sediment grade 

by indicating whether the sample disk belonged in 

Grade l, 2, 3, or 4. Data from the laboratory tech­

nicians were evaluated as either being correct or in­

correct. The analysis for this study was done by 

visual grading. Sample disks were number coded, 

identical numbers being used between laboratories. 

Grading results by laboratories are shown in Table 

1. 
Nine of 10 laboratories did a more accurate job 
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T ABLE 1. COMPARISON BY LABORATORIES OF ACCURACY IN 

GRADING 0.20- AND 0.40-INCH DIAMETER SEDIMENT DISKS 

0.20-lnch diam eter dis k 0.40-inch diameter disk 

Number Number Number Number 
cor rect incorrect co rrect incorrect 

Lab determl - determi- determl- determi-
number nations nations nations nations 

26 14 12 28 

2 24 16 20 20 

3 20 20 13 27 

4 23 17 27 13 

5 24 16 18 22 

6 28 12 19 21 

7 28 12 26 14 

8 20 20 ll 29 

9 33 7 28 12 

10 29 ll 13 27 

Totals 255 145 187 213 

TABLE 2. COMPARISON OF OVERALL LABORATORY 
GRADING ACCURACY 

0. 20-in ch diameter disk 0. 40- inch dia meter disk 

Number Percent ]';umber P ercent 

Correct 
determi-
nations 255 63.7 187 46.8 

Incorrect 
determi-
nations 145 36.3 213 53.2 

400 100.0 400 100.0 

of grading the smaller ( 0.20-inch) diameter disk 
than they did the 0.40-inch disk. Laboratory No. 9 
had the ability to grade samples correctly more fre­
quently (P < .05) than the other laboratories. Lab­
oratories were consistent in their ability to score the 
disks correctly, especially the smaller ( 0.20 inch) 
disks. When the larger disk ( 0.40 inch) was used, 
the laboratories showed considerable variation ( P 
< .05) in their ability to correctly grade sediment 
on the disks. 

An overall comparison of how laboratories graded 
the disks in shown in Table 2. These data illustrate 
that a more accurate ( P < .05) determination was 
made on the smaller ( 0.20 inch ) diameter disk than 
the larger ( 0.40 inch) disk. 

Of the 400 detenninations made by 10 laboratories 
on the 0.20-inch diameter disk, 255 ( 63.7%) were 
graded correctly. ·when these same laboratories 
graded for sediment using the 0.40-inch diameter 

disk, only 187 ( 46.8%) of the disks were graded cor­
rectly. 

SuMMARY 

This study points out that the 0.20-inch diameter 
disk can be graded more accurately than the 0.40-inch 
diameter disk. While a higher rate of inaccuracy 
than anticipated exists, less than 3.3% of the samples 
were graded incorrectly by two or more grades. 
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ABSTRACT 

A practical method is described to reduce the number of 

strips counted in the confirmatory Direct Microscopic Somatic 

Cell Count ( DMSCC) procedure. Using data from four 

commercial laboratories in widely differing geographic areas, 

and using a somatic cell standard of 1.5 million per milliliter 

of milk, the method was found to allow count discontinuance 

after the first s·trip from 47.3% of the time (where it was 

least effective) to 92.2% of the time (where it was most ef­

fective). Of 675 observations in the four sets of data, only 

six discrepanci~ were observed between results based on 

decisions made by this and the standard fixed-sample-size 

procedure. 

The confirmatory Direct Microscopic Somatic Cell 

Count "strip" method requires the counting of four 

strips on two separate milk films. In a previous 

paper (3) a statistical technique was described that 

would allow counting to be discontinued, depending 

upon results obtained, after each individual strip. 

Preliminary data indicated that counts could be dis­

continued after the first strip in most instances, thus 

greatly reducing the labor involved in confirming 

somatic cell counts under the Abnormal Milk Con­

trol (AM C) program. Since other work ( 4) has 

shown that a considerable amount of laboratory work 

is done to uncover very small numbers of actionable­

level counts, it was considered desirable to explore 

further this labor-reducing technique, and to estab­

lish, if possible, a practical method that could be 

used by laboratories confirming counts by the strip 

method. 
In the work reported herein, data from four in­

dustry laboratories were combined and analyzed by 

several statistical approaches to determine the most 

practical procedures for reducing counting time by 

the "strip" method. While four laboratories may 

seem a relatively small number ,it should be pointed 

1 Paper No. 8538, Scientific Journal Series, Minnesota Agri­

cultural Experiment Station, St. Paul. 

' Department of Food Science and Nutrition, University of 

Minnesota. 
3Dairy Quality Control Institute. 
4Department of Applied Statistics, University of Minnesota. 

' Dairymen, Inc. 

out that, to the best of our knowledge, very few 

laboratories are currently using the "strip" method 

for confirming counts. At the same time, the labora­

tories involved in this study did include widely dif­

ferent geographic locations and milk supplies-a 

sufficiently broad spectrum of milk supplies, the au­

thors believe, to presume nationwide applicability of 

the technique described in this paper. 

MATERIALS AND METHODS 

To broaden the data base over that reported earlier (3), 

confirmatory somatic cell counts were obtained from three 

additional laboratories, all operating laboratories of Dairymen, 

Inc. , one in Louisiana, another in Georgia, and a third in 

Virginia. These data were then combined with the Minne­

sota data for statistical evaluation. In all instances the data 

were collected during on-going operations of the laboratories 

involved. Only samples showing Wisconsin Mastitis Test 

( WMT) readings of over 21 mm (or 10% of those samples 

showing highest WMT reading down to but not including 

21 mm) were confumed, and all confirmatory testing was 

applied according to the procedure described in Standard 

Methods for the Examination of Dairy Products (1). The 

sole divergence from regular procedure was to report the count 

on each individual strip separately, so that, aside from the 

average of the four strips counted on two films, data were 

available on each of the individual strips making up the four. 

Two strips, one horizontal .and one vertical, were counted on 

each of two separate milk films. Strip factors for the four 

laboratories ranged from a low of 15,000 (two laboratories) 

to a high of 21,620. The strip factor in the fourth laboratory 

was 15,400. In total, 675 observations were made. 

Once data were collected, several different statistical pro­

cedures were applied and evaluated for (a) comparability to 

the standard procedure and (b) efficiency in utilization of 

laboratory resources. For a discussion of the various tech­

niques and the statistical theories on which they are based, 

the reader is referred to a companion paper by Bresson and 

Cook (2). For this work suffice it to say that the statistic 

selected was a truncated sequential (likelihood ratio) pro­

cedure allowing for count discontinuance after each strip 

counted, and requiring no prior analysis of data in individual 

laboratories. This latter feature was considered particularly 

important for the possible adoption of the technique on a 

widespread basis. It should be pointed out, however, that 

it was not necessary to gain this advantage at the expense of 

other essential statistical considerations. The following, then, 

is a discussion of the practical implications and application of 

the Likelihood Ratio ( LR) technique for counting somatic 
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TABLE 1. SUMMARY CHARACTERISTITS OF SOMATIC CELL "sTRIP" COUNT DATA 

SECURED FROM FOUR DIFFERENT COMMERCIAL LABORATORIES 

Strip 
Laboratory factor 

1 
2 
3 
4 

15,000 
21,620 
15,000 
15,400 

No. of 
sanlJlies 

207 
115 
122 
231 

Avg. no. 
of cellsl 

(X,) 

471.0 
289.7 
353.9 
228.6 

As Standard 
cell deviation As number 

count/mi (Sx) or cells 

(1.8 X 106
) 121.4 (455,250) 

( 1.6 X 106 ) 92.0 (497,260) 
(1.3 X 106

) 122.1 (457,875) 
(0.9 X 106

) 85.1 (327,635 ) 

1The X. count is the average number of somatic cells observed per sample, counting four strips on two milk films. All 

samples were previously screened by the Wisconsin Mastitis Test and only "confirmable" samples analyzed. To convert 

X. to a sample cell count divide the strip factor by four and multiply the X. by the resulting value. The same holds 

true for converting Sx to .cell count. 

cells under the microscope. 

REsULTS AND DISCUSSION 

Table 1 summarizes the characteristics of the data 

obtained on the four operating laboratories. Micro­

scopic strip factors varied from 15,000 to 21,620. 

Somatic cell counts averaged, by the standard four­

strip procedure, 1.8 X 10", 1.6 X 10", 1.3 X 10", 0.9 

X 10"/ml, respectively. Thus the data appear to 

represent a broad spectrum of potential counts and 

widely differing laboratory situations for which the 

LR technique should have application. 

As an indication of the relative labor saving po­

tential of the LR technique the percent of time som­

atic cell "strip" counts could be terminated after one 

strip was determined for each of the four laboratories. 

In the least desirable situation counting could be 

terminated after one strip 47.3% of the time. In the 

other three laboratories this percentage was observed 

to be 50.4, 66.4, and 92.2%, respectively. Overall this 

could result in substantial labor saving potential for 

- the LR technique. The average number of strips that 

would have to be counted, for the four laboratories, 

respectively, were 2.0, 1.9, 1.6, and 1.1. In other 

words, for widely differing types of milk samples, 

counting would need to continue, on the average, for 

no more than two strips to get results essentially com­

parable to the four-strip standard procedure. 

A comparison of the LR procedure with the stand­

ard procedure showed that, for 675 observations, final 

results would have differed in only six instances. 

This would appear to be a very small divergence from 

the standard and certainly well within expectations 

for a laboratory procedure of this kind. Reliability 

was also tested by determining the percentage of 

times a decision to stop counting would have been 

changed-at that precise count where such decision 

is most in doubt-if additional strips had in fact been 

counted.. For a strip factor of 15,000 decision changes 

would have been made after the first, second, and 

TABLE 2. STRIP FACTORS AND APPROPRIATE A1, B1 AND D 

VALUES FOR THE LIKELIHOOD RATIO MEfHOD OF COUNTING 

SOMATIC CELLS BY THE "sTRIP" PROCEDURE 

Strip 
factor 

3000 
3200 
8400 
8600 
8800 
9000 
9200 
9400 
9600 
9800 
10000 
10200 
10400 
10600 
10800 
11000 
11200 
11400 
11600 
11800 
12000 
12200 
i2400 
12600 
12800 
13000 
13200 
13400 
13600 
13800 
14000 
14200 
14400 
14600 
14800 
15000 
15200 
15400 
15600 
15800 
16000 
16200 
16400 
16600 

Al 

168.5 
159.2 
155.1 
151.3 
147.6 
144.1 
140.7 
137.5 
134.4 
131.4 
128.6 
125.8 
123.2 
120.7 
118.3 
116 
113.7 
111.5 
109.5 
107.4 
105.5 
103.6 
101.8 
100 

98.3 
96.7 
95.1 
93.5 
92. 
90.5 
89.1 
87.7 
86.4 
85.1 
33.8 
82.6 
81.4 
80.2 
79.1 
78. 
76.9 
75.9 
74.8 
73.8 

Bl 

211 
206.2 
201.5 
197.1 
192.9 
188.8 
184.9 
181.2 
177.6 
174:2 
170.9 
167.8 
164.7 
161.8 
159 
156.3 
153.7 
151.1 
148.7 
146.3 
144 
141.8 
139.7 
137.6 
135.6 
133.6 
131.7 
129.9 
128.1 
126.4 
124.7 
123 
121.4 
119.9 
118.4 
116.9 
115.5 
114.1 
112.7 
111.4 
110.1 
108.8 
107.6 
106.4 

D 

187.3 

182.7 ' 
178.3 
174.2 
170.2 
166.4 
162.8 
159.3 
156 
152.8 
149.8 
146.8 
144. 
14'1.3 
138.6 
136.1 
133.7 
131.3 
129.1 
126.9 
124.8 
122.7 
120.7 
118.8 
116.9 
115.1 
113.4 
111.7 
110.1 
108.5 
106.9 
105.4 
103.9 
102.5 
101.1 

99.8 
98.4 
97.2 
95.9 
94.7 
93.5 
92.3 
91.2 
90.1 

' 
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16800 72.9 105.2 89 

17000 71.9 104.1 88. 

17200 71. 102.9 87. 

17400 70.1 101.8 86. 

17600 69.2 100.8 85. 

17800 68.3 99.7 84 

18000 67.5 98.7 83.1 

18200 66.7 97.7 82.2 

18400 65.9 96.7 81.3 

18600 65.1 95.7 80.4 

18800 64.3 94.8 79.5 

19000 63.5 93.9 78.7 

19200 62.8 92.9 77.9 

19400 62.1 92.1 77.1 

19600 61.4 91.2 76.8 

19800 60.7 90.3 75.5 

20000 60 89.5 74.8 

20200 59.8 88.7 74 

20400 58.7 87.9 73.3 

20600 58 87.1 72.6 

20800 57.4 86.3 71.9 

21000 56.8 85.6 71.2 

21200 56.2 84.3 70.5 

21400 55.6 84.1 69.8 

21600 55 83.4 69.2 

21800 54.5 82.7 68.6 

22000 53.9 82. 67.9 

third sh·ips, respectively, in 2.6, 3.7, and 1.7% of the 

samples. Again, this would seem to indicate very 

good reliability, certainly adequate for the needs of 

the AMC program. 
To use the LR method, one simply selects the ap­

propriate strip factor from Table 2, for example 

15,000. Figures in colums A1 and B1 become the 

range of values used in counting the first strip. In 

all instances, when using the method, A1 is rounded 

up, B1 is rounded down. Thus, for a strip factor of 

15,000 A1 = 83, Bl =116. If the count of the first 

strip exceeds 116, counting may be te1minated; the 

standard has been breached. If the count falls at or 

between 83 and 116, counting continues to the second 

strip. To obtain the range of values used in s·trip 

two, the appropriate figure in column D (in this 

example 99.8) is added to A1 and B1, again round­

ing off as previously indicated. Therefore, strip two 

range is 82.6 + 99.8 = 182.4 ( 183 rounding up) and 

116.9 + 99.8 = 216.7 ( 216 rounding down). Strip 

three values are 182.4 + 99.8 = 282.2 (282) and 

216.7 + 99.8 = 316.5 (316). For each strip the pro­

cess indicated for strip one is repeated. If the B1 

value is exceeded, counting is terminated. If the 

count falls at or between A1 and B1, counting con­

tinues. If, after the third strip, it is found that count­

ing must continue, the fourth strip is counted and 

the somatic cell count determined as in the standard 

four-trip procedure. 

Tabulating the foregoing, the A1 and B1 values 

used in the LR procedure for a strip factor of 15,000 

are: 

Strip no. 

1 
2 
3 

Al 
83 
183 
283 

B1 

116 
216 
316 

Once the above values are calculated, they stand, 

as rounded, and no further calculations are necessary. 
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ABSTRACT 

A partial microbial profile was determined for document­
ed samples of imported and domestic spices. Bacteria of 
public health significance were absent. The incidence and 
numbers of amylolytic and proteolytic organisms, thermo­
philic sporefom1ers, yeas ts and molds, and total microorgan­
isms varied among the different spices as well as within 
each type of spice. When cells of Salmonella were inoculat­
ed in pre-en>richment cultures containing allspice, cassia, 
onion, and oregano, a definitive inhibition of growth was 
noted. To detect Salmonella in preparations of these spices, 
only small amounts of the condiment can be cultured. 

Although spices are minor ingredients in foods , 
a substantial tonnage is used in the United States 
each year. It has long been known that spices may 
contribute significant numbers of microorganisms, 
including spoilage types, to a food product. How­
ever, aside from mdimentary numerical data, our 
knowledge of the microbial types that occur in spices 
is meager (5). 

Past studies have demonstrated that certain spices 
(e.g. black pepper) typically carry heavy loads of 
bacteria while others (e.g. cloves) have few. It has 
also been shown that sporeforming bacteria in spices 
may lead to spoilage of canned foods and processed­
meat products and that the bacteria load can be 
reduced by ethylene oxide treatment (3, 6). Little 
information is available, however, regarding the in­
cidence and numbers of potentially harmful organ­
isms such as salmonellae and staphylococci, and the 
so-called indicator organisms including Escherichia 
coli and the fecal streptococci. Moreover, the in­
cidence of potential spoilage organisms including 
proteolytic types and thermophilic sporeformers has 
not been assessed in these products. 

Since spices often come from areas of the world 
where sanitary practices are primitive, regulatory 
agencies are showing increasing concern over the 
microbiological content of these food ingredients. 
Our inadequate knowledge of the potential health 
problems associated with spices was the basis for 
this study. 

!Present address: Ceo. A. Harmel and Co., P.O. Box 800, 
Austin, Minn. 55912. 

MATERIALS AND METHODS 

Samples 
Ten of the most widely used spices in domestic foods 

were ch0sen for this survey and each sample was identi.fied 
as to geographical source, and elate and port of entry into 
the United States. Some domestic samples were also ex­
amitted. The majority of the spice samples were procured 
by professional samplers at the port of entry. Generally, 
0.5 to 1.0 kg of spice, taken by a ''thief" sampler, were I 
placed in plastic bags and submitted to the laboratory for 
analy.sis. Upon receipt, samples were stored in the cold 
( 4 C) until analyses were undertaken (holding did not 
exceed a two-week period). 

Before sampling for microbiological analysis, the spice 
was mixed manually in the plastic bag in an effort to insure 
homogeneity. Ten grams of spice were blended for 1 min 
wth 90 ml of 0.1% peptone water contaning 0.1% Tergitol-7 
in a sterile, mechanical blender. With leafy spices, such 
as oregano. only 1 g was used in 99 ml of diluent. 

Total count 

Additional decimal dilutions were made in peptone water 
from the initial blend . Duplicate pour plates were pre­
pared using Plate Count Agar ( PCA, Difco). After the 
agar had solidified, plates were capped with PCA to limit 
growth of molds and spreaders. Plates were incubated at 
30 C for 48 h before being counted. Colonies were pick­
eel from each of the plates into Brain Heart Infusion ( BHI) 
broth ( Difco) for inclentification. 

Yeast and mold count 

Dilutions prepared for total plate counts were a lso used 
for making spread plates on Potato Dextrose Agar ( Difco). 
These plates were incubated at 23 C for 96 h before 
counting. 

Spore count 

A sterile, screw-cap tube containing 10 ml of the initial 
blend was immersed in a water bath at 70 C for 10 min, 
then removed and rapidly cooled in an ice bath. Further 
decimal dilutions were prepared and plated. Plates were 
poured and capped with PCA followed by incubation for 48 
hat 30 C. 

In addition to the pour plates, a three-tube most probable 
number ( MPN) determination was .done to estimate the 
thermophilic anaerobe population. Decimal dilutions of 
the heat-shocked suspension were used to inoculate tubes 
of Brewer's Thioglycolate Medium ( Difco). These tubes 
were tempered in a water bath at 55 C, then incubated 
48-96 h under anaerobic conditions at 55 C. Any turbidity 
in the thioglycolate cultures constituted a positive result. 

; 
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Proteolytic count 
Proteolytic organisms were estimated by making pour 

plates with Frazier's gelatin agar (2) using the appropriate 

dilutions from the initial blend. After 48 h a t 30 C, plates 

were flooded with a solution of acidified mercuric chloride 

and the proteolytic numbers were estimated . 

Amylolytic count 
Amylolytic organisms were counted by making pour plates 

with starch agar ( Tryptone, 10 g; yeast extract, 5 g; glu­

cose, 0.5; KoHPO., 2.0; NaCl, Sg; soluble starch ( Difco) , 

3.0; agar, 15 g; distilled water, 1liter; pH 7.0-7.2) using 

the appropriate dilutions from the initial blend. After 48 

h at 30 C, plates were flooded with an iodine solution. 
Other determinations 

Standard methods (1) were used for Salmonella, Staphylococ­
cus aureus, and Esche·richia coli estimations. To determine 

whether a spice or herb was toxic to Salmonella, a lyophil­
ized mixture of Salmonella ohio, Salmonella newport, and 

Salmonella typhimurium was added to each of 35 spices at 

a level of approximately one Salmonella per 10 g of spice. 
In most instances, the spices were pre-enriched in nutrient 

broth using the standard concentration of 10% (w/ v). When 

light leafy spices were pre-enriched, a 5.0-7.5% concentra­

tion was used to allow for the increased volume of the light 

material. If Salmonella could not be detected when pre­

emiched at a level of 10%, this ratio was reduced until the 
toxicity of the spice was diluted enough to allow the or­

ganisms to grow. 

REsULTS 

To facilitate presentation of data, results obtained 

for each of the 10 spices and herbs are discussed in­
dividually. However, for comparative purposes, the 

results concerning the various populations that were 
estimated (i .e. total plate count, spore count, etc.) 

are grouped and presented in tabular form. 

In addition to routine counts, three physiological 

I tYPes of bacteria were quantitated in each sample: 
(a) thermophilic organisms that can grow under an­

aerobes conditions (i.e., true anaerobes and facultative 
anaerobes such as Bacillus stearothermophilus and 

Bacillus coagulans) (b) proteolytic organisms; and 

(c) amylolytic organisms. 

Black pepper 
Twelve samples of black pepper from seven sources 

were analyzed. Six samples originated in Indonesia, 
three in Brazil, and three in India. Characteristically, 

black pepper has been· associated with high counts 
of aerobic sporeformers and the samples we examined 

were no exception (Tables 1 and 2). All samples 
had total counts and spore counts in excess of one 
million organisms/ g. Two of the samples from Brazil 
contained low numbers of S. aureus and Aerobacter. 
Two other samples, that originated from different 
continents and entered through different ports, con­
tained low numbers of enterococci. No Salmonella 
were detected. 

TABLE 1. TOTAL PLATE COUNTS OF IMPORTED 

AND DOMESTIC SPICES 

Ra nge of 
counts 

(O rga nisms/g) 

~1,000 

~ 10,000 

> 1,000 
~ 50,000 

> 10,000 
~ 100,000 

> 50,000 
~ 200,000 

> 100,000 
~ 300,000 

> 200,000 
~ 500,000 

> 300,000 
~1,000,000 

> 500,000 
~ 10,000,000 
> 1,000,000 
~ 50,000,000 
> 10,000,000 
> 50,000,000 

Total no. 

0 1 
0 3 

0 2 

0 1 

0 2 

0 0 

0 0 

0 1 

2 0 

6 1 

4 0 

12 11 

Spi ce ex amined 
rx o. of sa mJJies in stated range) 

0 0 
0 1 

0 0 

1 2 

3 0 

0 0 

2 0 

2 0 

2 3 

0 0 

0 0 

10 6 

0 
3 

1 

2 

0 

0 

0 

0 

0 

0 

0 

6 

.. ., 
§ 
" z 

1 1 0 0 0 0 
5 8 3 0 0 1 

1 1 5 3 0 3 

1 0 4 5 0 1 

0 0 1 3 0 5 

0 0 0 0 0 0 

0 0 0 1 0 0 

1 0 0 2 0 0 

0 0 0 2 9 0 

0 0 0 0 1 0 

0 0 0 0 0 0 

9 10 13 16 10 10 

10ne sample was uncountable due to mold growth. 

TABLE 2. BACTERIAL SPORE COUNTS OF DOMESTIC 

AND IMPORTED SPICES 

Ra n!;'e of 
counts 

(S pores/g) 

~ 1,000 

~ 10,000 

> 1,000 
~50,000 

> 10,000 
~ 100,000 

> 50,000 
~ 200,000 

> 100,000 
~300,000 

> 200,000 
~ 500,000 

> 300,000 
~ 1,000,000 

> 500,000 
~ 10,000.000 
> 1,000,000 
~50,000,000 

> 10,000,000 
> 50,000,000 

Total no. 

Spice examined 
(No. of samples In stated range) 

0 
0 

0 

0 

0 

2 
5 

3 

0 

1 

0 0 
0 2 

0 1 

3 1 

1 0 

0 0 1 0 

0 0 2 0 

0 0 1 0 

2 1 2 2 

6 0 0 0 

4 0 0 0 

12 12 10 6 

0 
2 

2 

2 

0 

0 

0 

0 

0 

0 

0 

6 

3 
5 

2 
8 

2 0 0 0 
3 1 0 7 

1 0 6 3 0 3 

0 0 2 4 0 0 

0 0 0 3 0 0 

0 0 0 2 0 0 

0 0 0 1 0 0 

0 0 0 0 0 0 

0 0 0 2 9 0 

0 0 (J 0 1 0 

0 0 0 0 0 0 

9 10 13 16 10 10 
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TABLE 3. YE AST AND MOLD COUNTS OF DOMESTIC 

AND IMPORTED SPICES 

Ran~ of 
connts 

(Orl!anisms/g) 

90 
~1,000 

>10 
~10,000 

>1,000 
~50,000 

> 10,000 
~1-00,000 

>50,000 
~200,000 

> 100,000 
~500,000 

>200,000 
>500,000 

Total no . 

6 
1 

2 

1 

1 

1 

0 

0 

SI>ice examined 
(No. of samples in stated range) 

6 10 4 
1 0 0 

2 0 0 

0 0 2 

1 0 0 

1 0 0 

1 0 0 

0 0 0 

6 9 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

9 10 14 
1 2 2 

0 1 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

9 5 
1 0 

0 3 

0 1 

0 0 

0 0 

0 0 

0 0 

12 12 10 6 6 9 10 13 16 10 9 

TABLE 4. THERMOPHILIC ANAEROBE COUNTS OF 

DOMESTIC AND IMPORTED SPICES 

Ran(;'e of 
counts 

(organisms/g) 

::;10 
~ 1,000 

>10 
~10,000 

>1,000 
~50,000 

> 10,000 
Total no. 

Cassia 

Spice examined 
(No. of samples in stated range) 

0 
4 

0 

8 

6 
6 

0 

0 

2 4 
4 1 

3 1 

1 0 

12 12 10 6 

"0 

"' "' "' 

2 6 
3 3 

.. 
"' 8 
:; 
z 
8 
1 

7 2 
5 2 

3 7 
2 2 

1 0 1 1 12 1 1 

0000040 

6 9 10 13 16 10 10 

Twelve samples of raw cassia were submitted 

from seven sources. Nine originated in Indonesia, 

two in the Seychelles, and one in Madagascar. The 

counts varied widely (Tables 1-6), showing a thous­
and-fold difference in almost all categories. Al­

though there was a wide numerical variation, most 

samples had total counts less than 200,000/g, spore 

courts of less than 50,000/g, and all had very low 

counts of thermophilic anaerobes. The number of 

amyloytic and proteolytic organisms approximated 

the spore count. The sporadic incidence of molds is 

probably a consequence of physical factors such as 

storage and handling. No Salnwnella, S. aureus, or 

any indicator organisms were found. One Indonesian 

sample contained a few Aerobacter sp. 

Celery seed 
Ten celery seed samples from six sources were sub-

mitted. Nine of the samples originated in India 

while the tenth came from France. The flora of the 

samples consisted mainly of proteolytic and amylo­
lytic sporeformers (Tables 1, 5, and 6). One of the 

Indian samples contained a significant number of 

Aerobacter, whereas enterococci were found in an­

other Indian sample. All samples were free of mold 

(Tab 1e 3), but they varied widely in numbers of 

thermophilic anaerobes (Table 4). There were no 

Salmonella, S. aureus, or E. coli. 

Ginger 
Six samples of ginger were obtained from five 

sources. Four of the samples originated in Nigeria, 

and one each in Sierra Leone and Jamaica. In half 

of the samples, total counts exceeded one million/g, 

while in the remainder less than 100,000/ g were de­
tected (Table 1). Both the Sierra Leone sample and 

one of the Nigerian samples had large populations of 

sporefmmers (Table 2) . The Jamaican sample had I 

a large population of micrococci. Whether these 

variances reflect different harvesting techniques can­

not be ascertained with the limited number of sam­

ples. No Salmanella, S. aureus or indicator organisms 

were found. 

Mace 
The mace samples were in good microbiological 

condition with the flora consisting almost exclusively 

of proteolytic and amylolytic sporeformers (Tables 

I, 5, and 6). Most of the samples contained some 

TABLE 5. COUNTS OF PROTEOLYTIC ORGANISMS IN 

DOMESTIC AND IMPORTED SPICES 

Ran(;'e of 
counts 

(Or(;'anl sms/ g) 

~ 1 ,000 

~ 10,000 

> 1,000 
~ 50,000 

> 10,000 
~ 100,000 

> 50,000 
::; 300,000 
> 100,000 
::; 500,000 
> 300,000 
~.1,000,000 

> 500,000 
~ 10,000,000 
> 1,000,000 
~50,000,000 

> 10,000,000 
> 50,000,000 

Total no. 

Spice examined 
(No. of samples In stated range) 

0 1 1 2 0 
0 5 0 0 2 

0 2 2 2 4 

1 1 1 0 0 

0 3 3 0 0 

l 0 2 0 0 

0 0 0 0 0 

3 0 1 1 0 

5 0 0 1 0 

2 0 0 0 0 

12 12 10 6 6 

4 
2 

4 5 0 
4 5 1 

0 4 
0 3 

1 2 3 6 0 2 

2 0 0 4 0 0 

0 0 0 1 0 1 

0 0 0 1 0 0 

0 0 0 0 0 0 

0 0 0 0 8 0 

0 0 0 0 2 0 

0 0 0 0 0 0 

9 10 13 13 10 10 

, , 
' .. 
I 
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TABLE 6. COUNTS OF AMYOLYTIC ORGANISMS 

IN DOMESTIC AND IMPORTED SPICES 

Spice examined 
(No. of sampl es in stated range) 

.. "" " "" " "' "' "' "' "' 
" " t' 
"' "' "" 0 ~~ .. ~ tD 

~ "' ~ 
.. 

" " ,._ t;:"t: " 
Ran~ of 

,. .. "' !l e fo ·c ~ ~ "' ~ "' "' 
'-0 

counts " "' .9 ;; "' "-S "'"' ~ " "' ~ " 1-. cod 0 "S 0 

(Or!;'anisms/g) u u c!> ;:;1 z 0 il<'tl ~'<·~ <::! 

~1,000 0 3 0 1 0 3 3 4 0 0 5 

~ 10,000 0 3 1 1 4 4 7 5 1 0 4 

> 1,000 
< 50,000 1 2 2 1 2 2 0 4 7 0 1 

~ 10,000 

~100,000 1 1 1 1 0 0 0 0 3 0 0 

> 50,000 
~ 300,000 0 2 5 0 0 0 0 0 .2 1 0 

> 100,000 
~ 500,000 0 1 1 1 0 0 0 0 1 1 0 

>300,000 
~ 1 ,000,000 0 0 0 0 0 0 0 0 2 1 0 

> 500,000 
~ 10,000,000 4 0 0 1 0 0 0 0 0 7 0 

> 1,000,000 
~50,000,000 5 0 0 0 0 0 0 0 0 0 0 

> 10,000,000 
> 50,000,000 1 0 0 0 0 0 0 0 0 0 0 

Total no. 12 12 10 6 6 9 10 13 16 10 10 

thermophiles. No Salmonella, S. aureus, or indicator 

organisms were detected. 

Mustard seed 
Nine samples of mustard seed were submitted from 

five sources. Three originated in Canada and six 

came from domestic sources. The samples were 

similar in count except for one, which had a high 

total count and an unusually high gram-negative popu-

l lation (Table 1). The latter proved to be a mixture 

of Pmteus and Alcaligenes. Apparently some gram­

negative organisms can survive for considerable per­

iods in certain types of spices. Although one sample 

did have a high number of organisms, the others had 

total counts of less than 100,000/ g (Table 1). All 

samples had spore counts and amylolytic counts 

(Tables 2 , and 6) of less than 50,000/g, while the 

majority had proteolytic counts of less than 50,000/g. 

No molds, Salmonella, S. aureus, or indicator organ­

isms were found. The number of thermophilic an­

aerobes was generally· low (Table 4). 

Nutmeg 
Ten samples of nutmeg were submitted from six 

sources. Four samples originated in Indonesia, three 

in the East Indies, two in the West Indies, and one 

in ' East India. All of the nutmeg samples contained 

very low microbial loads (Table 1). Some vari­

ations were observed in that one sample from In­

donesia contained a small population of micrococci 

and one sample each from East India and Indonesia 

contained thermophiles (Table 4). No Salmonella, 

S. aureus, or indicator organisms were detected. 

Omgano 
Thirteen samples of oregano were submitted from 

eight sources. Ten samples originated in Greece 

while the remaining three were imported from Mexi­

co. The oregano samples did not vary widely either 

in count or in types of organisms. All plate counts 

were less than 200,000/ g (Table 1); no physiological 

types numbered more than 100,000/g (Tables 2-6). 

No Salmonella, S. aw·eus, or indicator organisms were 

found. 

Paprika 
As with black papper, high aerobic spore counts 

are common in paprika. Domestic paprika was not 

as heavily contaminated as its imported counterpart. 

Most of the samples contained thermophiles and three 

of the Spanish paprikas had significant numbers of 

enterococci. No Salmonella, S. aumus, or E. coli 

were detected. 

Rosemary 
All samples contained less than 200,000 bacteria/g. 

Thermophilic bacterial counts were low; mold counts 

were variable; no Salmonella were detected. 

A comparison of the microbial profiles for the 

spices and herbs examined in this study is presented 

in Table 7 with the means and ranges of the counts. 

This table affords not only an estimation of variability 

within each type of condiment but it also presents 

an overall summary of the results. 

Effect of spices on Salmonella recovery 

To determine whether any spice is toxic to the 

growth of Salmonella, 25 g of each sample were 

added - to 225 ml of nutrient broth. A lyophilized 

mixture of Salmonella species (see Materials and 

Methods) was rehydrated and diluted so that each 

sample received 2 or 3 Salmonella cells (as determin­

ed previously by plate counts) . Each Salmonella 

test was done in duplicate on three separate occas­

ions; 35 spices were employed in this series of tests 

(Table 8). 

Viable Salmonella cells were not recovered from 

allspice, cassia, oregano, or granulated onion using 

the standard AOAC 10% pre-enrichment procedure. 

By reducing the ratio of sample to pre-enrichment 

broth to 5.0%,Salmonella cells were detected in all­

spice and granulated onion. · To recover Salmonella 

consistently from oregano and cassia, it was necessary 

to reduce the spice/ pre-enrichment broth ratio to 

0.5% while maintaining the 2 ot 3 cell iaoculum/225 

ml of broth. Previous investigators have noted the 

inhibitory effect of onion on the growth of Salmonella 

(4). 
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TABLE 7. MICROBIAL PROFILE OF SELECTED IMPORTED AND DOM ESTIC SPICES ( COUNT/ g OF SPICE) 

Mean (M) 
and 

Spice (No . range (R) Amylolyti c Y ea sts and 
samples in of Standa rd Bacterial Thermophilic Proteolytic 

bracket s ) counts plate count spore count ana erob es organi sms organi sms molds ~ 

Black M- 32,000,000 32,000,000 20,000 20,000,000 850,000 19,000 

pepper ( 12) R- 5,500,000 to 5,500,000 to 500 to 75.000 to 30,000 to 10 to 

50 million 50 million 30,000 50 million 50 million 150,000 

Cassia ( 12) M- 280,000 480,000 250 51 ,000 71 ,000 53,000 

R- 1,000 to i;ooo to 10 to 1,000 to 1,000 to 10 to 

30 million 5,500,000 500 150,000 400,000 350,000 

Celery M- 150,000 1,310,000 4,800 680,000 120,000 10 

seed (10) R- 75,000 to 75,000 to 10 to 1,000 to 5,500 to 0 to 

750,000 750,000 30,000 5,500,000 400,000 9 

Ginger (6) M- 2,700,000 1,800,000 1,000 5,900,000 100,000 10,000 

R- 5,500 to 5,500 to 10 to 1,000 to 1,000 to 10 to 

5,500,000 5,500,000 5,500 30 million 5,500,000 30,000 

Mace (6) M- 32,000 36,000 1,100 21,000 13,000 1 

R- 5,500 to 5,500 to 10 to 5,500 to 5,500 to 0 to 

75,000 75,000 5,500 30,000 30,000 9 

MustaJrd M- 98,000 6,700 170 21,000 9,400 1 

seed ( 9) R- 1,000 to 1,000 to 10 to 1,000 to 1,000 to 0 to 

750,000 30,000 505 75,000 30,000 9 

Nutmeg ( 10) M- 7,500 4,600 600 8,600 4,100 49 

R- 1,000 to 1,000 to 10 to 1,000 to 1,000 to 10 to 

30,000 5,500 5,500 30,000 5,500 505 

Oregano ( 13) M- 47,000 26,000 600 9,400 11,000 1,200 

R- 5,500 to 1,000 to 10 to 1,000 to 1,000 to 10 to 

150,000 75,000 5,500 30,000 30,000 5,000 

Paprika- M- 860,000 790,000 4,100 79,000 160,000 77 

domestic ( 16) R- 30,000 to 5,500 to 10 to 5,500 to 5,500 to 10 to 

5,500,000 5,500,000 5,500 400,000 750,000 505 

Parika- M- 4,900,000 7,900,000 24,000 10,000,000 3,900,000 59 

imported (10) R- 5.5 to 5.5 to 10 to 5.5 to 150,000 to 10 to 

30 million 30 million 30,000 30 million 5,500,000 505 

Rosemary (10) M- 92,000 12,800 650 23,000 5,700 5,100 

R- 550 to 5,500 to 10 to 1,000 to 1,000 to 10 to 

150,000 30,000 5,500 150,000 30,000 30,000 

DISCUSSION 

In previous microbiological studies of spices, no 

particular attention was given to documentation of 

samples. They were obtained usually from grocery 

stores, restaurants, or distributors . In this study an 

attempt was made to determine the origin, port of 

entry, date of entry, and other significant data con­

cerning handling and quality of the spices. Since all 

of the history was given for most of the spices, certain 

generalizations can be made: 
(a) There was no apparent correlation between 

the country of origin and the quality of spice with 

respect to numbers of microorganisms or predominant 

flora. Thus, a country that produces a spice of high 

quality with respect to flavor does not necessarily pro­

duce a microbiologically superior product. 

(b) No organisms posing a public health hazard 

were found. 
(c) The sporadic occurrence of some species of 

bacteria such as micrococci, enterococci, and report­

edly E . coli and Salmonella may also be expected 

since thousands of small growers with diverse grow-

ing and harvesting techniques are involved in many 

of the spice-producing countries. However, our re­

sults indicate that these occurrences are relatively 

rare. 
Certain trends were noted in the study. Generally, 

samples containing high total counts also contained 

high numbers of proteolytic, amylolytic, and thermo­

philic bacteria. Mold counts did not correlate with 

total counts and the contamination and/or growth of 

these organisms in the spice samples must be totally 

independent. Indications of fecal contamination (E . 

coli counts) were absent. This may be due to the 

susceptability of E. col·i to desiccation. 

The absence of Salmonella in all the original samp­

les reflects the low incidence and sporadic nature of 

contamination with these organisms. However, in 

the current study, 113 samples were examined, and 

none was found to be contaminated with Salmonella. 

The apparent toxicity of cassia, oregano, allspice, 

and onion to Salmonella reduces the likelihood of 

detecting this pathogen in these spices. Paprika pre­

sents a minor problem in that it contains a rather high 

-

' 
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T ABLE 8. R ECOVERY OF INOCULATED Sa/monel/a FROM 

PREEN RICHMENT CU LTUHES CONTAI N ING VA HIOUS CONDIMENTS! 

Condiment tested' 

Allspice 
Bay leaves' 
Cassia 
Celery flakes' 
Chives, freeze-dried'' 
Marjoram• 
Onion, granulated 
Oregano 
Parsley flakes' 

Amou nt of condi ment in precnrichment culture 
(wt/vol ) 

10% 

0 

0 
0 
0 

0 

7.5o/o 

0 

+ 
0 
+ 

0 

+ 
+ 

0 
+ 
0 
+ 

+ 

0.5% 

()3 

0 
+ 
0 
0 
0 
0 
+ 
0 

!See text for explanation of inoculum, its level and the meth­

odology involved. 
' Inoculated Salmonella were detected in preenrichment cul­

tures containing 10% of the following condiments: anise, red 

bell peppers, cardamon, celery seed, cut chillies, chili powd­

er, camino (cumin ), coriander, curry powder , dill seed, dill 

weed, cleaned fenugreek, ginger, mace, dry Chilean mush­

room, mustard seed, nutmeg, paprika, black pepper, white 

pepper, rosemary. sage, sesame seed, spea1mint. tarragon, 

vegetable flakes . 
3Not tested. 
' Lower preenrichment ratios of spice : broth were required 

with leafy condiments. 

content of carbohydrate. It is suggested that a buf­

fered pre-enrichment broth be used with this spice 
to preclude a rapid pH drop brought about by com­

peting organisms. 
In toto, the results of this inves tigation gave no in­

dication of a potential health problem associated with 
spices and herbs . It would appear that spices, like 

other food ingredients, may in rare instances become 

' 

contaminated with microorganisms of public health 

significance. However, multiplication in these dried 

products is precluded , and longevity of vegetative 
cells in the dry state appears to be limited. 
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ABSTRACT 

Turkey meat served in schools is often incriminated as a 

vehicle of foodborne illness. Preparation practices that could 

contribute to outbreaks were studied in three schools . Clostr-i­

dium perfr-ingens, Staphylococcus aureus, and Salmonella were· 

isolated from raw lturkey carcasses. C . perfringens was also 

isolated from cooked turkey meat and from food-contact sur­

faces of equipment. Twenty-pound carcasses that were thawed 

either in a refrigerator, or in paper bags at room temperature, 

showed no significant opportunities for multiplication of bac­

teria; ca-rcasses thawed at room temperature without bags 

could, however, have supported multiplication of psychrotrophic 

bacteria . The several days required for refrigerator-thawing is, 

unfortunately, more time than can always be provided in school 

food service schedules. All methods of baking were satis­

factory . Turkey rolls took more time to reach an internal 

temperature of 165 F than is practicable for school food 

service operations. Less than half an hour was saved by 

baking half instead of whole turkeys. Refrigerated whole 

turkeys and pots of stock cooled slowly. Immersing double­

plastic-bagged turkey meat 'and halved turkey rolls in an ice 

bath and slicing turkey meat onto ice-cold pans speeded cool­

ing. Stock was chilled rapidly when half-filled five-gallon pots 

were set in either an ice or a running-water bath. Chilled 

turkey meat was reheated to 165 F in steamers, in kettles of 

boiling gravy, in lid-covered pans on a range, and in ovens. The 

ovens were slowest to bring the meat to the required tempera­

ture-often too slow to be practicable. Twenty ways to re­

duce risk inherent in thawing, cooking, chilling, and reheating 

practices are described. 

Reports from health agencies to the Center for 

Disease Control indicate that turkey meat is fre­

quently incriminated as a vehicle for foodborne ill­

ness. It was responsible for 13% of all reported food­

borne disease outbreaks in which specific vehicles 

were identified for the period 1961-1970 (32, 34). Dur­

ing these years, turkey meat and turkey salads or 

dressing were responsible for 11% of 425 outbreaks 

of staphylococcal intoxication. Since the beginning 

in 1962 of the Center's surveillance program for 

Salmonella, turkey meat has been the vehicle of 23% 

'Use of trade names is for identification purposes only and does 

no~ constitute endorsement by the U.S . Department Health, 

Education and Welfare or the Georgia Department of Human 

Resources. 
2Center for Disease Control. 

3Georgia Department of Human Resources . 

of 171 foodborne outbreaks of salmonellosis (33). 

Cooked turkey meat has also been the vehicle of 21% 

of 124 confirmed outbreaks of Clostridium perfringens 

foodborne illness that were reported from 1966 

through 1970 (34). 

Schools and institutions where large quantities of 

foods are prepared frequently are places where tur­

keys have been mishandled in such a way that out­

breaks ensued. From 1966 through 1970, for instance, 

143 foodborne outbreaks-11% of the total reported 

-occurred in schools and accounted for 35,843 cases 

-39% of the total. 
These national data reflect situations in States. 

In Georgia, for example, 104 outbreaks have been 

investigated from 1961 to 1970. Of these outbreaks, 

22 occurred in elementary and high schools, and 13 

that resulted in 2,939 cases were associated with serv­

ing turkeys. 

Turkeys are incriminated in foodborne outbreaks 

for three reasons. In the first place, raw turkeys are 

often contamimted with Salmonella (8, 9), Staphyloc­

occus aureus (18), and C. perfringens (10) when they 

are received in kitchens. Inadequate cooking may 

allow these bacteria to survive. Secondly, turkeys 

require considerable handling, such as debarring 

and slicing, before they are served. Cooked turkeys 

are handled in the same general area as the raw 

ones, by the same personnel who previously handled 

the raw ones, and sometimes on or in the same 

equipment used for the raw ones. This handling 

not only increases the chances for recontamination 

with Salmonella from raw turkeys, it also increases 

the risks of contaminating the product with S. aureus 

or C. perfringens from human sources. Thirdly, and 

perhaps most important, · turkeys are almost always 

prepared at least a day before serving. In this 

amount of time, foodborne pathogens that got into 

the turkeys during handling or those that survived 

cooking can mulhply in the meat or stock if the foods 

are not cooled rapidly to 45 F or less and held at 

that temperature. 

Unfortunately, cooling is se ldom accomplished 

' 
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rapidly enough. Turkey meat and stock cool slowly 

when refrigerated in a conventional manner, and, 

very often, school kitchens do not have enough refrig­

erator space to store the number of turkeys needed 

to serve the students. Large pots and pans are 

frequently used for refrigerator storage of the meat 

and stock. Sometimes, turkeys are even left over­

night in ovens which are warm but have been turn­

ed off. Both practices provide ideal conditions for 

bacterial growth. On the day of serving, turkey 

meat, gravy, or dressihg are often not heated or are 

only warmed to a temperature less than 165 F , or 

hot gravy is often poured over cold meat. Such 

practices will kill neither cells of C. perfringens that 

have emerged from spores nor any post-cooking con­

taminants that have multiplied during storage. These 

and other factors that contribute to foodborne out­

breaks are reviewed in greater detail by Bryan (7). 

\Vith these contributory factors in mind, bacterio­

logical and time-temperature surveys were made to 

evaluate turkey-handling practices at three school 

kitchens. The studies were made to find some prac­

tical ways of preventing or at least minimizing the 

factors that contribute to outbreaks which sometimes 

follow the serving of turkeys in schools. 

METHODS 

Time-temperature evaluations. Various types of premium 

grade, type T 2 thermocouples were used to determine temper­

atures of turkey and stock dming thawing, cooking, chilling, 

and reheating. Thermocouples with stainless steel bayonet 

sensors 4 to 8 inches long were inserted into the center of the 

thickest part of the turkey breasts, into the geometric center 

of turkey rolls, and into the center of pieces of meat. As 

much as possible of the metal shaft was buried in the meat. 

Flat, button-type thermocouples were used to take surface 

temperatures. These were held in place by two wires wrapped 

around the thermocouple wire near the sensor so that each end 

extended in a different direction. Rubber bands were hooked 

to one end of fastening wires, brought around the turkey, and 

hooked to the opposite extending wi·res. Tension of the rub­

ber bands secured the thermocouple button to the skin surface. 

Thermocoples with smooth, plastic wire coverings and blunt­

end metal sensors were used to tes t midpoints of stock and 

gravy. Thermocouples with plain, welded ends were used to 

obtain temperatures of the air (room, oven, refrigerator, freez­

er) that surrounded the hu·keys being tested. Data were re­

corded on a chart in a potentiometer'. 

Frozen turkeys, weighing 20 lb . or more, were thawed in 

their original plastic wrapper on tables at room temperature, 

in double-layer kraft paper bags at room temperatures, and in a 

forced-air, reach-in refrigerator. Boxes containing four turkeys 

were removed from a freezer and held at room temperature 

1-1/2 h before temperature recording began. A heated ice 

'Type T refers to copper-constantan junction. 

'Temperatures were recorded on Chart 5270 (type T) , 0 to 

500 F range, in an Electronik 16 Multipoint Recorder, Honey­

well, Fort Washington, Pa. 

pick was used to make a hole for thermocouple insertion 

into the breast. A bayonet-type thermocouple was then in­

serted into the hole and pushed into the center of the thickest 

part of the breast. For each turkey that was tested, a skin 

surface temperature was also taken . When turkeys were thaw­

ed in paper bags, thermocouple-wired turkeys were put into the 

bags, and the open ends were folded and taped. Thermo­

couples that were used to take room, paper bag, and refrigera­

tor air temperatures were located a few inches from the turkeys 

being tested. 

Turkeys were prepared for cooking in several ways. Turkey 

rolls were prepared in the school kitchens by first skinning a 

turkey. Meat was cut from the bones, then rolled and wrapped 

with skin. Ends of the skin were then sewed together and 

strings were tied around the roll . Turkeys that were to be 

roasted in halves were sawed in half through the center of the 

breast bone. All tu-rkeys and rolls were seasoned with salt, 

pepper, and butter, and approximately 1 quart of water was 

put into roasting pans. 

Thawed turkeys and rolls were cooked at various tempera­

tures in conventional gas ovens (range and shelf-type), in 

forced-convection electric ovens, and in steam kettles. A foil 

tent was used to cover turkeys while roasting in conventional 

ovens. During cooking, thermocouples were inserted into the 

center of the thickest part of the breast or into the geometric 

center of rolls, secured to the surface of the skin of the breast 

or rolls, and placed in oven or kettle so as to be within a few 

inches of the turkeys . Whole turkeys, turkey halves, and 

turkey rolls were roasted in ovens, and eight whole ones were 

cooked in a steam kettle filled with water. 

After the turkeys were cooked, they were cooled at room 

temperature for 1 to 3 h and then put into a refrigerator. 

Some turkeys while warm were deboned and cut into bite­

size pieces; 8-l/2 lb. of these pieces were put into 19-l/2 X 

11-l/4 X 2-1 / 2-inch pans. Whole turkeys were also stored 

overnight in a walk-in refrigerator. For experimental pur­

poses, a half turkey was left overnight in an oven that had 

been turned off. 
Cut-up turkey meat was chilled rapidly by putting portions 

of it in direct contact with pans placed in larger pans of ice, 

into pans placed in refrigerators or freezers, and into double 

plastic bags submerged in crushed ice. 

A turkey roll was cut in half. One half was wrapped in 

aluminum foil and refrigerated. The other half was put into 

double plastic bags, put in a pan, covered with ice, and then 

refrigerated. The pieces of meat !used for temperature mea­

surements were cut into rectangles of approximately 1 X 1 X 4 

inches, which exceeded the average size of the cut-up meat. 

A 4-inch, bayonet-type thermocouple was inserted into the 

center of one end of the specially cut pieces of meat and 

pushed lengthwise three-fourths of the way through the piece. 

Methods of rapidly cooling heated ( 160 F) turkey stock 

were evaluated by cooling 2.4 gal in a 5-gal stockpot ( 9-l/2 

inches in diameter X 11 inches deep). Cooling methods con­

sisted of putting the pot into a pan of ice, into a sink con­

tinuously filled with running water to a level that exceeded the 

level of stock in the pot, into a walk-in refrigerator (50 F), or 

on a table at room temperature. Still another method con­

sisted of pouring an equal amount of heated ( 160 F) stock in­

to a mixer pan and agitating in a vertical mixer for 30 min at 

low speed 1 and for an additional 30 min at speed 2. The 

water level in the sink, that was used as the water bath, was 

regulated by cracking the outlet valve and by allowing a pen­

cil stream of water to flow into the sink. During each cool­

ing experiment. the stock was stirred at 5-min intervals except 

when stock was mixed or when it was stored in the refrigerator. 
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Each experiment lasted for 1 h, except when the stock was re­
frigerated, it was ·cooled overnight. 

Stock that was left after turkeys were cooked in the steam 
kettle remained in the kettle for a few :hours and then was 
ladled into a 14-gal stockpot. This pot was filled with 12.4 
gal of stock, carted into a walk-in refrigerator, and stored over­
night. 

Chilled, cooked turkeys and stock were reheated in several 
ways on the day they were served to students. Gravy was 
prepared from stock, flour, butter, and seasonings, and heated 
to boiling in a stockpot on a range or in a steam kettle. Whole 
turkeys that had been refrigerated overnight were deboned 
and cut into small pieces. This meat was put into pans and 
heated in a steamer or left at room temperature for up to 1-1/2 
h. Both heated and unheated pieces of meat were put into 
boiling gravy in the steam kettle and cooked . Cold, cut-up 
pieces of meat were also put into pans, hot gravy was poured 
over the meat, and it was then heated in ovens or on a range. 
TemperatUTe Tec01·dings were made of the center of the gravy 
and of the inside of 1 X 1 X 4-inch pieces of meat dming the 
entire -!'eheating process. Turkey with gravy or turkey and 
gravy over rice were served from a steam table immediately 
after these heat treatments. 

Dressing was baked in 2-1 /2-inch deep pans in ovens on 
the day the turkeys were served. Temperature recordings were 
made in the geometlic center of the dressing and in the oven 
about an inch above the top surface of the dressing. 

Sampling and laboratory analysis 
Four swabs were simultaneously rubbed over thawed, raw 

turkeys and food-contact surfaces of equipment. Two of the 
swabs were put into tubes containing cooked meat dextrose 
broth or thioglycolate broth ( BBL) , one into tetl·athionate 
brilliant-green broth ( Difco) , and one into brain heart infusion 
broth (Fisher) . Samples of spices, stock, and :cooked turkey 
were aseptically put into sterile plastic bags. These samples 
were Tefrigerated until cultmed (within 24 h) .4 

One tube of either cooked meat dextrose broth or thioglyco­
late broth was heated to 80 C for 10 min ; the other tube 
was not heated. Tubes of cooked meat broth were then in­
cubated anaerobically at 37 C for 24 h ; tubes of thioglycolate 
were incubated at 45 C for 5 to 6 h. The incubated, cooked 
meat broth was streaked to modified McClung Toabe egg yolk 
agar. The incubated thioglycolate broth tubes that showed gas 
were streaked onto sheep blood agar plates. Suspicious col­
onies were picked and confirmed or ruled out as C. perf1'i11-
gens by gram staining, inoculation into indole-nitrite broth 
( BBL) , litmus milk ( Difco) , and motility medium ( Difco) , 
and stl·eaking onto egg yolk agar (colonies from blood agar 
plates). Twenty grams of shredded cooked turkey were add­
ed to 100 ml cooked meat dextrose broth. Stock was shaken 
and then 1 ml was added to each of two tubes of 10 ml cooked 
meat dextrose broth. These samples were then examined as 
described for the swab samples. 

Tetrathionate broth tubes were incubated at 37 C overnight 
and then streaked to brilliant green agar plates. After 18 to 
24 h incubation at 37 C, suspicious colonies were picked to 
triple sugar iron agar slants. These slants were incubated 
overnight at 37 C. Suspect cultures were confirmed or re­
jected as Salmonella by urease testing and slide agglutination. 
Twenty milliliters of stock were added to 200 ml tetrathionate 

4All laborat01y work except the samples that were put into 
cooked meat dextrose broth were conducted by the !Bacterio­
logy Laboratory, Division of Physical H ealth, Georgia Depart­
ment of Human Resources, Atlanta, Ga. 

broth containing brilliant green and turgitol. Fifty grams of 
turkey meat were added to 450 ml sterile phosphate buffered 
distilled water in a blender; the blender was opera ted for 2 min, 
1 min at low speed and l min at high speed. Twenty milli ­
li ters of the homogenate were added to 200 ml of tetl·athionate 
brill iant green turgitol broth. The stock and meat cultures 
were examined as described for the swab samples. 

Brain heart infusion broth tubes were incubated overnight 
at 37 C. The incubated broth was streaked to mannitol salt 
agar and incubated overnight at 37 C. Colonies suspected of 
being S. aumus were picked for tes ting for coagulase produc­
tion, using the tube method. Samples of stock and homogen­
ized turkey were streaked directly onto mannitol salt plates 
and examined as indicated for the swab samples. 

RESULTS AND DISCUSSION 

Several temperature recordings were made at var­
ious stages of processing turkeys, turkey meat, stock, 
gravy, and dressing. Temperatures were similar un­
der any one set of circumstances, so only one example 
was chqsen to illustrate results. Discussion is based 
on the growth and survival of common foodborne 
pathogens that frequently contaminate turkeys (5, 6). 
Special reference to C. perfringens is made because of 
the selective advantage it has over other pathogens 
in turkeys prepared in school food service operations. 

Thawing 
When frozen 20-lb. turkeys were put in a forced 

air, reach-in refrigerator, they were still frozen ( 27 F) 
after 40 h (Fig. 1). In contrast , when 20-lb. turkeys 
were thawed at room temperature, internal tempera­
tures reached 32 F in about 9 h and reached 50 F 
in about 18 h; surface temperatures reached 50 F 
in 5 h and were 62 F at the end of the holding per­
iod (Fig. 1 and 2). When turkeys were thawed in 
double-layer, kraft paper bags, internal temperatures 
reached 32 F in about 16 h, and at the end of the 
holding period ( 22 h) the internal temperatures was 
40 F and the surface temperature 55 F. The re­
lationship of internal temperatures to surface temp­
eratures during thawing is illustrated in Fig. 2. 

Thawing turkeys in a refrigerator is satisfactory, but 
it takes several days (26). Thawing plastic-wrapped 
turkeys at room temperature in paper bags can be 
satisfactory (17), but, as a rule of thumb, the time for 
thawing should not exceed 1 to 1-1/ 4 h per pound. 
Thawing plastic-wrapped turkeys not enclosed in 
paper bags overnight at room temperature is not a 
satisfactory method because psychrotrophic bacteria 
could multiply during the holding period (26). How­
ever, because of the relatively low temperatures of 
the thawing turkeys and the competitive advantage 
of psychrotrophic bacteria, it is doubtful that, under 
the conditions of the experiment, C . perfringens, S. 
aureus, or Salmonella could multiply to a great ex­
tent, if at all, in the turkeys. 

' 
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Figure 1. Comparison of internal breast temperatures of 

plastic wrapped 20-pound turkeys during thawing at room 

temperature, in a double-layer Kraft paper bag at room temp­

erature, and in a forced-air reach-in refrigerator. 
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Figure 2. Relationship of surface temperatures to internal 

temperatures of plastic wrapped 20-lb. turkeys during thawing 

at room temperature, in a double-layer Kraft paper bag at room 

temperature, and in a forced-air reach-in refrigerator. 

Figure 3. Comparison of baking whole turkey ( 20 lb. , 3 

oz.), half tuorkey ( 11 lb. , 2 oz.), and turkey roll ( 13 lb., 7 

oz.) in pans with foil tent in the same oven. "End of cooking. 

Raw turkeys 
A greater number of raw turkeys were contami­

nated with C. pe1jringens than with S. aureus or Sal­

monella (Table 1). One culture of S. au reus that 

was isolated from raw turkeys produced enterotoxin 

D. C. pe?jringens was also found in a sink in which 

raw turkeys had been washed. Hands and food-con­

tact surfaces of equipment can become contaminated 

when they touch raw turkeys. Cooked meat, stock, 

gravy, dressing, or other foods that subsequently con­

tact these surfaces can become contaminated. 

Cooking 

When whole turkeys, half turkeys, and turkey rolls 

were roasted in conventional gas ovens, all at the 

same temperature, turkey rolls took longer to cook 

because of their shape and bulk (Fig. 3). A 13-lb., 

7-oz. turkey roll that was made from a 20-lb turkey, 

for instance, took about 1-1/2 h longer to reach 175 F 

than for a whole, 20-lb., 3-oz. turkey to reach the 

same temperature. Cutting turkeys in half decreased 

the cooking time by only 15 to 20 min. Compara­

ble results from roasting half and whole turkeys and 

turkey rolls are reported in articles by Alexander et 

al. (1), Iacono et al. (16), Esselen et al. (12), Goertz 

and Stacy (13), Augustine et al. (2), Hoke et al. (15), 

and Wilkerson et al. (37). 

Surface temperatures rose rapidly in comparison to 

internal temperatures. All surfaces that were checked 

reached 165 F in less than 1-1/2-h baking time (Fig. 

3); this temperature was usually reached in less than 

30 min. In one situation, the area just under the 

skin of a turkey roll was tested; this area reached 

165 F in 2-1/4 h whereas it took 5-1/2 h for the cen­

ter of the roll to reach the same temperature (data 

not illustrated). 

In forced-convection electric ovens, unwrapped 

turkeys cooked more rapidly than did foil-shielded tur­

keys roasted in conventional ovens when temperatures 

of about 325 F were used (Fig. 4). When low tem­

peratures ( 200 to 225 F) were used, even in the 

forced-convection ovens, long periods of roasting were 

required-too long to be practicable in a school food 

service operation. In the trial illustrated in Fig. 4, 

for instance, baking was terminated before an in­

ternal temperah1re of 165 F was reached. Turkeys 

were cooked rather rapidly in steam kettles. The 

internal temperatures reached 165 F in approximately 

2-1/2 h (Fig. 5). 

When turkeys are cooked in ovens at t'3mperatures 

of 325 F or higher, in steam kettles, in steamers, and 

in pots of boiling water long enough so that tem­

peratures of 165 F are reached in the thickest part 
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TABLE l. FOODBORNE PATHOGENS ISOLATED FROM R AW AND 

COOKED TURKEYS AND FROM SCHOOL LUNCH ENVIRONMENTS 

Sa mple 

Raw products 
Raw turkeys 
Thawed drippings 
Spices 

Equipment 
Pots and pans 

( before use ) 
Pans ( after use ) 
Glass jars (for stock) 
Cutting boards 

( before use ) 
Cutting boards 

(after use ) 
Wooden paddle 
Knives 
Saw 
Sink ( before use) 
Sink (after 

washing turkeys) 

Cooked products 
Cooked turkeys 
Chopped giblets 
Stock 
Dressing 
Turkey and gravy 

Totals 

Clos lrid hw r 
per/ r iugem 

10/ 24' 
Oil 
0/ 2 

2/ 4 
Oil 
l/3 

l/2 

2/ 3 
Oil 
0/ 2 
Oil 
0/l 

l/3 

31l3 
0/l 
2/4 
Oil 
0/l 

22/ 68 

Stnpbylococcus 
au reus 

5/ 24b 
Oil 

0/ 2 

Oil 

Oil 

Oil 

Oil 

0/2 

Salmo ll cl la 

4/ 24 
0/ l 

0/ 2 

Oil 

lll 

Oil 

Oil 

0/2 

0/4 0/4 
Oil 0/l 

5/ 39 5/39 

"Number of positive samples/total number of samples 

bOne isolate produced enterotoxin D 
c-No laboratory tests performed 

of the breast, vegetative bacteria within the meat 

should be killed, but bacterial spores could survive. 

Vegetative bacteria on outside skin surfaces would 

usually be destroyed within an hour. This would not 

be true, however, of bacteria on surfaces of the in­

ternal cavity of the turkeys. 

Holding and chilling 
There is little or no opportunity for foodbome path­

ogens to grow on or in turkeys for I to 2 h after 

turkeys have been cooked to high internal temper­

atures-even when held at room temperature or in 

unheated ovens (Fig. 3, 4, 5, 6). After turkeys are 

taken out of ovens or kettles and put at room tem­

perature, an initial post-oven temperature rise occurs. 

Increases of 2 to 8 F were observed (Fig. 3, 4, 5). 

If turkeys are held at room temperature or in un­

heated ovens for long periods, however, hazardous 

situations develop and have resulted in foodborne out­

breaks. Such a situation was demonstrated when a 

half turkey remained in an unheated oven overnight 

(Fig. 6). During this storage, the surface and in­

terior remained near the optimum growth temper­

ature for foodborne pathogens for over II h. This 

amount of time at such temp-eratures allows spores 

of heat resistant C. pe1jringens that survive cooking 

to germinate and allows the resulting vegetative cells 

to multiply. Some spores of C. perfringens have sur­

vived boiling for over 4 h (3, 14). If recontaminatiom 

occurs by handling or during transferring pans or 

testing for doneness, these organisms would also have 

an opportunity to multiply to enormous numbers. 

The practice of cooking turkeys late in the day or 

late in the evening and allowing the turkeys to stay 

in unheated ovens overnight is a hazardous one and 

should be discontinued. 
When whole cooked turkeys were put in re­

frigerators, the turkeys' internal temperature remain­

ed for!O h or longer within a range that would allow 

food borne pathogens to multiply (Fig. 7). These 

results agree with those of Lewis et al. (19) who ob­

served that chickens which were cut up immediately 
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Figure 4. Baking 20-lb. turkeys in forced-convection elec­

tric oven at different temperatures. 0 End of cooking. 
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Figure 5. Cooking turkeys in steam kettle and cooling turkeys 

in pans under a Saran wrap at room temperature. 0 End of 

cooking. Turkeys out of steam kettle to pans on table; stock 

held in kettle with heat turned off. 
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Figure 6. Overnight storage of a half turkey ( 9 lb., 15 

oz.) in an oven that had been turned off. 0 Temperature at 

which Clostridium perfringens commences to multiply. 

after cooking cooled faster than did whole cooked 

chickens when both were simultaneously refrigerated. 

Turkey rolls are a greater potential foodborne dis­

ease hazard than are whole turkeys. While deboning 

turkeys and preparing rolls, contamination from the 

turkey surface as well as contamination introduced 

by workers and equipment, readily gets incorporated 

into the internal parts of rolls. Because of the bulk 

of the rolls and, consequently the greater the time 

required for cooking, chances of undercooking a roll 

are greater than are chances of undercooking a whole 

turkey. Slow heat transfer occurred in one-half a 

turkey roll that was stored in a walk-in refrigerator. 

The 4.6-lb . half roll remained within the growth range 

( 60 to 122 F) for C. perfringens for 6 h (Fig. 8) . In 

another trial, a 5.25-lb. half roll was within the growth 

range for this organism for 7 h when stored in a 

reach-in refrigerator that was operated at about 50 F 

(data not illustrated ). The rolls would remain in 

the growth range ( 44 to 114 F) for staphylococci and 

salmonellae for an even longer time. 

Because of the slow rate of heat transfer in cooked 

whole and half turkeys and in cooked turkey rolls 

during refrigerated storage, methods were devised to 

rapidly chill them. One method of chilling that re­

sulted in rapid cooling was to put cut-up pieces of 

cooked turkey meat ( 8.5 lb. ) into a pan, the bottom 

of which was in direct contact with ice placed in an­

other pan (Fig. 9). The temperature of the meat W?S 

• reduced to about 70 F in an hour. Rapid chilling of 

the meat in this way, followed by storage in a walk­

in refrigerator, indicated that the center temperatures 

of 8-1/2 lb. of meat could be reduced in 3 h to below 

the minimum temperature that permits C. pe1jringens 

to grow; the temperature could also be reduced be­

low 50 F in a little over 5 h, which for practical pur­

poses would prevent the growth of S. aureus and 

Salmonella (Fig. 10). Other methods used to rapid­

ly cool the same amount of meat were: putting meat 

into shallow pans and then placing in a refrigerator 

or freezer or putting the meat into double plastic bags 

and immersing in a pan of ice (Fig. 9). When 8.5 lb. 

of cut-up meat was put directly into a refrigerator, 

60 F was attained in 3-2/ 3 h and 50 F in 7 h (Fig. 

10). Advantages of chilling foods in shallow pans 

instead of in stockpots and bowls have been shown 

by Lewis et al. (19 ), Weiser et al. (36) , and McDivitt 

and Hammer (24). 
The advantages of chilling turkey meat in an ice 

bath is illustrated in Fig. 8. Half a turkey roll was 

put into a double plastic bag which was put in a pot, 

covered with ice, and then refrigerated; the other half 

was put directly into a refrigerator ( 45 F). The half 

roll in the ice cooled from 160 to 60 F in 2-1/ 2 h, but 

the half put directly into the refrigerator required 7 

h for the same drop in temperature. 

Refrigeration of turkey stock in stockpots is, at best, 

hazardous because large volumes cool extremely slow­

ly (4, 21). For instance, 12.4 gal of stock in a 14-gal 

stockpot remained within the growth range for C. 

perfringens from the time the stock cooled to the 

maximum growth temperature ( 122 F) until the 

time it was used-about 13 h later (Fig. 11). Even 

in much smaller volumes ( 2.4 gal in a 5-gal stockpot), 

the stock temperature remained in the growth range 

for C. perfringens for 9-1/3 h, and in the growth range 

for S. ameus and Salmonella for even longer (Fig. 11). 

Stock stored in jars of only 1 gal capacity took over 

7 h to cool to 60 F (10) . Turkey stock is an ideal me­

dium for C. perfringens and a good medium for S. 

aureus and Salmonella, and, after it is cooked and 

stored in a large stockpot, anaerobic conditions which 

permit the growth of all of these organisms exist. 

Stock should be rapidly cooled before it is re­

frigerated to prevent bacterial growth that can occur 
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Figure 7. Chilling of whole 20-lb. cooked turkeys in a 

walk-in refri gerator ; one directly from oven, the other after 

cooling at room temperature. 
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Figure 9. Rapidly chilling pieces of cut-up, cooked turkey 
put directly in a refrigerator, in a freezer, in a plastic bag 

which was immersed in ice, and in a pan which was put in 

contact with ice. 
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Figure 11 . Chilling of turkey stock in 5-gal and 14-gal 

stockpots in a walk-in refrigerator. 0 Growth range for Clos­

tridium perfringens. 

during refrigerated storage. Three methods of rapidly 
cooling stock were used to compare temperatures 
reached with those reached by cooling at room and 
rehigerator temperatures (Fig. 12). For each ex­
periment, 2.4 gal of turkey stock at an initial tem­
perature of 160 F were stored in a 5-gal stockpot. 

Two methods, placing stockpots containing stock in 
a pan filled with ice and into a running water bath, 

rapidly cooled the stock. In the ice bath, for instance, 
the temperature dropped from 160 to 60 F in 42 min 

(Fig. 12) . Another method, mixing stock at low 
speeds for an hour, also aided in reducing tempera­
tures faster than storage at refrigerator or at room 
temperatures. Methods of rapidly chilling liquid 
foods are discussed by several investigators (20, 22, 

23-25, 27-30). 

Cooked pmducts 
C. perf1·ingens was isolated from both cooked tur­

key meat and stock. Their presence can be account­
ed for by either survival of heat-resistant spores or 
by post-cooking contamination. Staphylococci and 

salmonellae were not found in samples of cooked tur­
key, but Salmonella heidelberg, the same serotype 
isolated from three of four swab samples from raw 
turkeys, was isolated from a cutting board. C. per­

fringens was found on cutting boards, before and 
after use, and in pots, pans, and jars that were sub­
sequently used as containers for cooked turkey meat 

and stock (Table 1) . The opportunity for con­
tamination of cooked turkeys with foodborne patho­
gens is indi r::ated by these findings. 

If equipment that contacts raw turkeys is inade­
quately washed and disinfected, salmonellae, C. per­

fringens, or S. aureus may be present; if equipment 

is not stored so as to be protected from contamination, 
the ubiquitous C. perfringens may be present. Cook­
ed turkey meat or stock can become contaminated 
upon contact with equipment or when put into con­
tainers which are so contaminated. Because cooking 
kills competitive vegetative bacteria but allows heat­

resistant spores to survive and aids in establishing 
anaerobic conditions, C. perfringens can multiply to 
large numbers if turkey or stock are improperly chilled 
and stored. 

Reheating stock and turkey m eat 

Because of the slow rate at which turkey stock 
cools, it is essential that it be heated to boiling or at 
least 165 F on the day it is used . Such heating will 
kill any vegetative bacterial cells that may have mul­

tiplied during storage. Figure 13 illustrates tem­
peratures reached in stock and in gravy which was 

prepared from stock as they were cooked on a range, 
and Fig. 14 shows that boiling temperatures were 
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reached when stock and gravy were cooked in a steam 
kettle. In some school food service operations, how­
ever, it was not a routine practice to heat stock to 
such a high temperature (10). 

Before turkey meat is served, it should also be 
heated to a temperature that will kill vegetative bac­
teria. This cannot be accomplished by pouring hot 
gravy over cold meat or by heating cold meat on a 
serving table. The meat or mi;xture of meat and gravy 
needs to be heated to at least 165 F. Because of 
time pressures that occur in a school kitchen when 
turkey is served, chilled meat is frequently not heat­
ed enough to kill organisms that multiplied during 
storage. 

When pans of meat and gravy were cooked on a 
range and in ovens for a sufficient period of time, the 
mixture reached temperatures that would kill vegeta­
tive bacterial cells (Fig. 13). Heating in ovens, how­
ever, is not always done for long enough time to be 
bacteriologically safe (10 ). When pans of meat and 
gravy were heated on a range, it was difficult to 
ensure adequate heat tr0atment of meat in the upper 
parts of the pan until lids were used or until the 
pans were transferred to ovens. 

When cold meat was put into a steam kettle of 
boiling gravy, the meat reached 165 F in 15 to 20 
min. Adequate terminal heat treatment was also 
achieved by heating meat in pressure-type steamers. 
The temperatures reached are illustrated in Fig. 14. 

Baking dressing 
Dressing that was baked in 2-inch-deep pans reach­

ed internal temperatures above 200 F at the end of 
baking. This process would be lethal to vegetative 
bacterial cells (11, 12, 15, 31 , 35). 

SUMMARY 

To ensure safety of turkey products in school food 
service operations, thawed tmkeys should be cooked 
until internal temperatures are at least 165 F . Cook­
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Figure 12. Chilling turkey stock ( 2.4 gal) in a 5-gal stock 
pot in an ice bath, water bath, mixer, refrigerator, and at room 
temperature. "Stirred every 5 min. ""Changed speed from 1 to 
2. 
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heated to at least 165 F before serving to nullify in­
adequacy in cooling practices. 

0~---.----.-----,------· 
30 60 90 120 Minutes 
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mendations are made for preparing, cooking, cooling, 

and reheating turkeys in a school kitchen: 

Thawing 
1. Always thaw frozen turkeys completely before 

cooking them. Too much time is required to 

adequately cook large, frozen turkeys to be 

practicable in school food service operations. 

2. Thaw plastic-wrapped turkeys in refrigerators 

whenever possible. The refrigerator temperature 

should be 45 F or below. (For 20-lb. turkeys, 

3 days or more are required.) 

3. If turkeys must be thawed within 24 h or if 
refrigerator space is not available, enclose wrap­

ped, frozen turkeys in double kraft paper bags, 

tape the bags shut, and thaw at room temper­

ature. When thawing in bags, do not allow them 

to remain at room temperature more than 1 h 

per pound if one, double-layer bag is used or 

1-1/4 h per pound if 1:\;vo, double-layer bags are 

used. 

Cooking 
1. Cook turkeys to internal temperatures of at 

least 165 F. ( 180 to 185 F and 170 to 180 F 

are recommended for thigh and breast internal 

temperatures, respectively.) 

2. Test turkeys for doneness by inserting a thermo­

meter into the center of turkey rolls. 

3. Bake dressing separately until it reaches an in­

ternal temperature of at least 165 F. 

4. When baking turkeys in ovens, set thermostat 

at 325 F or higher. Baking turkeys at tem­

peratures of 225 F or lower requires too much 

time for the turkeys to reach an internal temp­

erature of 165 F to be practicable in a school 

food service operation. 

Holding and cooling 
1. Never allow cooked turkeys to stay in unheated 

ovens (such as for overnight holding) . 

2. Never refrigerate cooked whole turkeys for over­

night storage without first reducing their bulk. 

3. Wear disposable plastic gloves when deboning 

cooked turkeys. 
4. As soon as the turkeys cool to a temperature at 

which they can be handled, debone them and 

slice or cut meat into small pieces. 

5. Put pieces of cut-up, cooked turkeys directly in­

to cold pans (pans setting in pans of ice) . 

6. Do not pile turkey meat more than 3 inches high 

in pans. 
7. Never store turkey meat and stock in the same 

containers. 
8. Never refrigerate large batches of turkey stock 

in large stockpots. 

9. Rapidly chill stock by immersing containers , 

such as 2-1/ 2 gal in a 5-gal stockpot, in an ice 

bath or a water bath, or by mixing with a verti­

cal mixer before storing in a refrigerator. 

Reheating 
1. Boil stock on the day it is to be used either be­

fore or during gravy preparation. 

2. Reheat turkey meat to 165 F in steamers, in 

boiling gravy, in covered pans on a range, or 

in open pans in ovens. (This last procedure, 

heating meat with gravy in ovens, requires con­

siderable time.) 

Cleaning and personal hygiene 
1. Thoroughly wash and disinfect all equipment 

that touches raw turkeys before it is used for 

cooked meat or stock. 

2. Wash hands after handling raw turkeys and be­

fore handling cooked turkey or other foods. 
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L. B . BULLERMAN AND T. E. HARTUNG 

Depa·rtment of Food Science and T echnology 
University of Nebmska, Lincoln, Nebmska 68503 
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ABSTRACT 

Spores and growing vegetative mycelia of Aspergillus pam­
siticus strains NRRL 2999 and NRRL 3000 were irradiated at 
100 and 200 Krad, and the effects on growth and aflatoxin 
production in yeast-exb·act sucrose (YES) broth were measur­
ed. Irradia tion of growing mycelia reduced subsequen t growth 
in YES broth by a greater amount than irradiation of spores. 
Irradiation of spores at 100 Krad resulted in more B, and C, 
production by sb·ain NRRL 2999 than the non-inadiated con­
trol, however, strain NRRL 3000 produced less afla toxins B. 
and C 1 after irradiation at 100 Krad than its non-irradiated con­
trol. Spores of both strains irradiated at 200 Krad produced 
less aflatoxins B, and C, than non-irradiated controls. Irradia­
tion of growing vegetative mycelia of both strains at 100 and 
200 Krad resulted in a definite decline in both afla toxins B, 
and C 1 in subsequent cultures a t each irradiation level. Ap­
parent stimulation of production of both B. and C, occurred af­
ter irradiation of spores of strain NRRL 2999 a t 100 Krad. How­
ever the variation of the values as determined by the standard 
devi~tion was such that one would conclude that no differences 
existed among means. The apparent stimulation was slight 
and of much less magnitude th an that which has been re­
ported by o ther investigators using A. flovus. No stimulation 
of toxin production was observed with the other strain when 
grown from irradiated spores or with either strain when veg­
etative mycelia were irradiated. 

Low level ionizing irradiation, amounting to pas­
teurizing doses to extend shelf-life, have b een studied 
extensively as a means of preventing bacterial de­
terioration of food products (5). However, few re­
ports of the effects of low level gamma irradiation 
on toxic molds are available. Mohyuddin et al. (9) 
studied inactivation of conidiophores and mycelia of 
Aspergillus flavus by gamma irradiation, but did not 
measure the effects on aflatoxin production. Jemmali 
and Guilbot (6, 7, 8) reported that gamma irradiation 
does below 200 Krad may induce or increase afla­
toxin production in A. flavus, when grown on Cza­
pek's broth fortified with yeast extract. They found 
the effects to be maximum at 100 and 150 Krad 
after 7 days incubation at 25 C. On the other hand, 
Applegate and Chipley (1) observed increased afla­
toxin B• production by A. flavus at 150, 200, and 300 
Krad of irradiation when the organism was grown 

1Published as Paper No. 3607, Journal Series, Nebraska Agricul­
tural Experiment Station, Lincoln. Research reported was 
conducted under Project No . 16-22 and NASA Contract No. 

NAS9-ll045 . 

on a cracked wheat substrate. They also found that 
only the 150 Krad dose stimulated aflatoxin B, pro­
duction by A. flavus in a synthetic medium. Pro­
duction of aflatoxin c, was affected in a similar man­
ner (2). Growth of toxic and non-toxic strains of the 
fungus in wheat and synthetic media was greatly 
reduced by exposure of the organisms to 300 Krad. 
Applegate and Chipley (1, 2) did not observe induc­
tion of the ability to produce either aflatoxin B, or 
G· in nontoxic sh·ains by irradiation. Schindler and 
Noble (10) observed increased B· production by an 
A. flavus strain after exposure to 20, 100, 250, and 
500 kr. In one instance the maximum was ob­
served at 100 kr and in another at 500 kr. At 500 
kr the increase was more than 50-fold over the non­
irradiated control. They also observed stimulation 
of c, production at the 100 and 500 kr levels . How­
ever, in another study Schindler et al. (11 ) observed 
no stimulation of aflatoxin production at 49-53 Krad 
of irradiation of both A. flavus and Aspergillus para­
siticus. Because of the difficulty of converting kiloro­
entgens ( kr) to kilorads ( Krad), it is not possible 
to directly compare these results with those of others. 
However, it is evident that in the studies of Schind­
ler and 1 oble (10) the grea test stimulation of afla ­
toxin production occurred at a higher level of irradi­
ation than observed by Jemmali and Guilbot (6). 

While stimulation of aflatoxin production by A. 
flavus after irradiation has been observed by several 
workers, there are differing reports as to the exact 
level of irradiation that will cause the phenomenon . 

Most of the work reported to date has involved the 
effects of irradiation on A. flavus rather than A. para­
siticus, except in one instance where no stimulation 
of toxin production by A. parasiticus was observed 
at very low levels of irradia tion (11). Toxic strains 
of A. parasiticu.s are generally more potent aflatoxin 
producers than are toxic strains of A. flavus. Also, 
A. flavus strains frequently produce only the B group 
of afla toxins, and not the G group. Schindler (12) 
has found that different sh·ains of A. flavus vary great­
ly in their response to irradiation. It is not known 
whether A. parasiticus would react in the same man­
ner to irradiation as A. flavus. While A. flavus and 
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A. parasiticus are generally recognized as morphologi­

cally distinct, few physiological differences are known 

(15). Yet, differences in patterns of aflatoxin produc­

tion between the two organisms clearly exist (4, 15). 

Additional studies would be helpful to adequately 

assess the effects of low level ionizing irradiation on 

different aflatoxin producing mold strains, particular­

ly strains of A. parasiticus. This work was initiated 

to study the effects of low level gamma irradiation 

on growth and aflatoxin production by known afla­

toxinogenic strains of A. parasiticus. 

MATERIALS AND METHODS 

Media for growth and toxin production 

Yeast-extract sucrose (YES) broth (3) was used to support 

growth and aflatoxin production by the organisms in still cul­

tures before and after irradiation treatment. Aliquots of 50 

ml of the broth contained in 250 ml erlenmeyer flasks were 

employed. 
Organisms, inoculum, and treatments. 

A. parasiticus strains NRRL 2999 and NRRL 3000 were ob­

tained from the culture collection of the Northern Regional 

Research Laboratory, A.R.S., U.S.D.A., Peoria, Illinois, for 

this study. 
Cultures of the toxic molds were grown on potato dextrose 

agar ( Difco) slants for 10 days at 25 C until well sporulated . 

The spores were washed from the slants with a sterile 0.01% 

solution of Tween 80 and aseptically filtered through sterile 

cheese cloth to remove mycelial deb1is. Spores in the filtered 

suspensions were counted using a Petroff-Hausser counting 

chamber. A portion of each spore suspension was diluted 

with sterile phosphate buffer to obtain a spore concentration of 

107 conidia/mi. Aliquots of 10 ml of the diluted spore su­

spensions were irradiated at 0, 100, and 200 Krad at am­

bient ( ca 25 C) temperature using a Cobalt-60 source sim­

ilar to the one described by Teeny and Miyauchi (14). Dosi­

metry for irradiating the inocula was established using the 

Fricke Dosimeter, ASTM D1671-63. Flasks containing sterile 

YES broth were inoculated with 0.1 ml of the irradiated or non­

irradiated spore suspensions, resulting in approximately 106 

spores per flask culture. 

The effects of irradiation on growing vegetative mycelia and 

subsequent growth and toxin production in broth cultures were 

also studied. Slant cultures of the same two strains were 

grown on potato dextrose agar at 25 C until mycelial growth 

had just become evident ( 24-48 h), but before sporulation had 

begun. Slant cultures were irradiated at the same levels and 

in the same manner as were the spore suspensions. Several 

transfer loops of irradiated or non-irradiated mycelia were used 

to inoculate flasks of YES broth. 

Determination of growth and toxin pTOduction after irradiation 

All cultures were incubated as still cultures at 25 C for 7 

days, and then given a brief heat treatment ( 121 C for 30 

sec) to kill spores and vegetative mycelia . The mold mats 

were separated from the broth by gravi ty flow fil tration 

through Whatman #4 filter paper and washed with 20 ml 

distilled water, dried at 130 C for 2 h and weighed . Mold 

' growth was expressed as milligrams of mycelial dry weight. The 

pH of the filtered broth was dete1mined. 

Aflatoxins were extracted from the broth by liquid-liquid ex­

traction using two 50 ml portions of chloroform. The ex­

tracts of each culture were filtered, pooled, and dried over 5-

10 g of anhydrous sodium sulfate. The pooled extracts were 
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Figure l. Effect of gamma irradiation of spores and vege­

tative mycelia of Aspergill-us parasiticus NRRL 2999 and 3000, 

on subsequent amount of growth in yeast-extract sucrose broth 

after 7 days incubation at 25 C. 

either di luted or concentrated as needed in preparation for 

aflatoxin analyses. The aflatoxin concentrations in the ex­

tracts were estimated by visual comparison of the fluorescence 

of the samples to known standards on exposure to long wave 

U.V. light using thin-layer chromatography (TLC). The TLC 

plates were 20 X 20 em, and were coated with a 0.25-mm 

thick layer of Silica Gel G-HR ( Btinkmann lnstmments, Inc.). 

The TLC plates were developed in toulene/ ethyl acetate / form­

ic acid ( 60/ 30/10) according to the method of Scott et al. 

(13 ). Standard aflatoxins were obtained hom the Southern 

Utilization Research and Development Division, U.S.D.A., New 

Orleans, LA. 

RESULTS 

Growth 
Low level gamma irradiation of both spores and 

growing vegetative mycelia partially inhibited growth 

of the two strains studied (Fig. 1). At the 200 Krad 

treatment, growth of strains NRRL 2999 from ir­

radiated spores was reduced by 23% from the non­

irradiated control. Irradiation of growing mycelia 

of the same strain at 200 Krad reduced growth by 

62%. The growth of strain NRRL 3000 from spores 

irradiated at 200 Krad was reduced by 48% and from 

irradiated growing mycelia by 54% from the non-
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TABLE 1. PRODUCTION OF AFLATOXIN B, BY Aspergillus para­

siticus NRRL 2999 AND NRRL 3000 ON YEAST-EXTRACT suc­

ROSE BROTH IN 7 DAYS OF INCUBATION AT 25 C WHEN GROWN 

Irradiation 
level (Krad) 

0 (Control) 
100 
200 

FROM IRRADIATED SPORES OR MYCELIA 

KRRL 2999 NRRL 3000 

Spores Myceli a Spores Mycelia 

- ----(Aflatoxin B,, !Lg/ ml broth) - - ---

136 88 60 I7 

I50 I3 43 5 

I20 4 I7 < I 

TABLE 2. PRODUCTION OF AFLATOXIN G, BY Aspergillus para­

sitiCUS NRRL ·2999 AND NRRL 3000 ON YEAST-EXTRACT suc­

ROSE BROTH IN 7 DAYS OF INCUBATION AT 25 C WHEN GROWN 

Irrad iati on 
level (Krad) 

0 (Control) 
IOO 
200 

TABLE 3. 

FROM IRRADIATED SPORES OR MYCELIA 

NRRL 2999 <\ HRL 3000 

Spores Myce lia Spores Mycelia 

-----(Aflatoxin G, , !Lg/ ml broth)-----

689 411 932 I91 

7~ ® 8M ~ 

351 17 I46 < I 

EFFECT OF LOW LEVEL GAMMA IRRADIATION OF 

SPORES AND MYCELIA ON THE SUBSEQUENT PRODUCTION OF 

AFLATOXIN B, PER UNIT WEIGHT OF DRY l'vfOLD MAT BY Aspe·r­

gillus pa-rasiticus NRRL 2999 AND NR RL 3000 IN YEAST-EX-

TRACT SUCROSE BROTH AFTER 7 DAYS AT 25 C 

Treatment 
(Krads ) 

0 (Control) 
100 
200 

NRRL 2999 l\'RRL 3000 

Spores ~I.vce lla Spores Mycelia 

---(Aflatoxin B,, !Lg/ mg dry mycelium)---

2.9 2.6 1.3 0.6 

3.6 0.7 1.1 0.3 

3.1 0.3 0.7 <0.1 

------------------------
TABLE 4. EFFECT OF LOW LEVEL GAMMA IRRADIATION OF 

SPORES AND VEGETATIVE MYCELIA ON THE SUBSEQUENT PRODUC ­

TION OF AFLATOXIN G, PER UNIT WEIGHT OF DRY MOLD MAT BY 

Aspergillus parasiticus NRRL 2999 AND RRL 3000 I N YEAST-

EXTRACT SUCROSE BROTH AFTER 7 DAYS AT 25 C 

Treatment 

(Krads) 

0 (Control) 
100 
200 

NRRL 2999 NRRL 3000 

Spores' Jlly.celia Spores Myceli a 

---(Aflatoxin G, , !Lg/ mg dty mycelium)-- -

I4.5 I2.I I9.6 6.I 

I7.4 3.2 17.5 1.9 

9.4 1.3 0.5 <O. I 

irradiated controls. The final pH of the broth media 

in which the control cultures were grown was 5.3 

while the pH of the cultures irradiated at 100 Krads 

were 6.0 and 6.2 for NRRL 2999 and RRL 3000 

respectively, and 6.2 and 6.5, respectively, for the 

cultures irradiated at 200 Krad. Growth of organ­

isms in broth media is associated with a decline in 

pH as growth proceeds. The higher pH of the 

irradiated cultures reflects less growth which was 

borne out by the lower mycelial weights obtained. 

Aflatoxin production 

Aflatoxin B, production by cultures from spores of 

strain NRRL 2999 irradiated at 100 Krad was slightly 

more than the control (Table 1). At the 200 Krad 

treatment of spores, this strain produced less aflatoxin 

B, than the control. When growing vegetative my­

celia of the same organism were irradiated at the 100 

and 200 Krad levels, there was a definite decline il1 

aflatoxin B, production at each level of irradiation 

(Table 1) . Aflatoxin B, production by strain NRRL 

3000 was decreased in cultures grown from spores 

irradiated at 100 Krad (Table 1). Irradiation of 

spores of strain 3000 at 200 Krad. reduced B, product­

ion by more than one-half of the control. With 

growing vegetative mycelia, there was likewise a de­

cline in aflatoxin B, production at each level of 

irradiation (Table 1). 

More aflatoxin c, was detected in cultures of strain 

NRRL 2999 that were grown from spores irradiated 

at 100 Krad than control cultures (Table 2). How­

ever, irradiation of spores at 200 Krad resulted in 

almost 50% less c, production than the unirradiated 

control. Irradiation of growing vegetative mycelia 

of the same organism resulted in a decline in c, pro­

duction at both the 100 and 200 Krad levels. Afla­

toxin c, production by strain NRRL 3000 was de­

creased slightly after irradiation of spores at 100 Krad 

compared to the control (Table 2). At the 200 Krad 

treatment of spores, c, production was much less 

than the control cultures of the organism. Irradiation 

of strain NRRL 3000 mycelia caused a definite de­

cline in aflatoxin c, production at both the 100 and 

200 Krad treatments compared to the control (Table 

2). At the 200 Krad treatment of growing mycelia 

very low levels of c, were produced. 

To determine if there might have been stimulation 

of aflatoxin production by the irradiation treatments, 

the amount of toxins produced was converted to micro­

grams of toxins produced per milligram of dry my­

celia. vVith strain NRRL 2999 spores, more aflatoxin 

B, was produced per milligram of dry mycelia at both 

the 100 and 200 Krad treatments than the control 

(Table 3). At 100 Krad the effect was greater than 

at 200 Krad. However, with irradiated growing my­

celia of the same organism an opposite trend was 

noted, with a very definite reduction in amount of 

aflatoxin B, produced per milligram of dry mycelia. 

1 o stimulation of aflatoxin B, production by either 

irradiated spores or growing mycelia of strain NRRL 

3000 was evident based on micrograms of toxin pro­

duced/milligram of dry mycelia (Table 3). There 

appeared to be a more or less steady decline in amount 

of B, production by this organism due to irradiation. 

Aflatoxin c, production per unit weight of dry my­

celia by cultures derived from irradiated spores of 

strain RRL 2999 was greater than the conh·ol after 

irradiation at 100 Krad, but not after irradiation at 

200 Krad (Table 4). Irradiation of growing mycelia 

; 

, 
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of NRRL 2999 caused a definite decline in the amount 

of G• produced per unit of dry mycelia at both the 

100 and 200 Krad treatments compared to the con­

trol. Aflatoxin c, production per milligram of dry 

mycelia by irradiated spores of strain 1 RRL 3000 

was less than the control cultures at both the 100 and 

200 Krad treatments (Table 4). Irradiated growing 

mycelia of strain RRL 3000 likewise showed a steady 

decline in the amount of c, produced per milligram 

of dry mycelia. 

DISCUSSION 

Growth 
Strain NRRL 2999 spores seemed to be somewhat 

more resistant to irradiation at 200 Krad than those 

of strain NRRL 3000. Growth of strain NRRL 3000 

from irradiated spores was reduced by a greater 

amount at this treatment than was growth of NRRL 

2999 from irradiated spores. There did not appear 

to b e much difference in the reaction of the two 

strains at 100 Krad since the decline in growth of both 

strains from that of controls appeared to be similar. 

The reduction of growth of A. parasit'icus as a result 

of irradiation of spores supports and expands the 

observations with A. flavus of Applegate and Chipley 

(1, 2). The retarding effect of irradiation on growth 

of cultures from irradiated growing mycelia was very 

evident at the 100 Krad level with fuith er reductions 

at 200 Krad. Under the conditions of this study, the 

growing mycelia of both strains were more sensitive 

to irradiation in terms of reduced growth than were 

the spores. 

Aflatoxin production 

The only instance of possible stimulation of afla­

toxin B· and c, production occurred with spores of 

strain NRRL 2999. The increased amounts were very 

small and were not of the same magnitudes as those 

observed by other workers with A. flavus. In addi­

tion the variation of these observations as determined 

by the standard deviation was such that it could be 

concluded that no actual differences existed bet\.veen 

treatment means. The main effect was observed at 

100 Krads, which is in agreement with the findings 

Jemmali and Guilbot- (6) . However, the results of 

Schindler and Noble (10) and of Applegate and Chip­

ley (1, 2) appear to be somewhat different since they 

observed increased aflatoxin production at higher 

levels of irradiation of A. flavus. However, Apple­

gate and Chipley (1, 2) did not observe stimulation 

of aflatoxin production beyond 150 Krad when using 

a synthetic medium. Mohyuddin et al. (9) found only 

0.15% survivors of A. flavus conidiophores irradiated 

at 125 Krad. Presumably higher irradiation levels 

would have resulted in almost complete inactivation 

of the particular strain of A. flavus they worked with, 

suggesting that aflatoxin production might also have 

been eliminated . 
Strain NRRL 3000 did not exhibit any tendency 

toward stimulation of either B, or c, production at 

either the 100 or the 200 Krad treatment of spores:. 

There seemed to be a more definite reduction in the 

amounts of both toxins produced by strain NRRL 

3000 after irradiation at 200 Krad. 

The irradiated growing mycelia of both strains did 

not exhibit any tendency toward increased production 

of either toxin as the result of irradiation treatment. 

The effect with growing vegetative mycelia was 

rather one of progressive decline in total toxin pro­

duction as well as production of toxins on a per unit 

weight of mycelia. This might be explained by the 

fact that the mycelia are multinucleate structures, 

which would require a greater number of hits to pro­

duce genetic changes. 

These studies show that low level gamma irradi­

ation reduced the amount of growth of A. pamsiticus 

in YES broth in a 7-day incubation period. In addi­

tion, aflatoxin production was markedly reduced in 

this same period. Obviously some of the inoculum 

was destroyed by the irradiation treatment, which 

might have delayed the amount of growth and afla­

toxin production obtained in a 7-day period changing 

the growth cycle. However, the growth itself ap­

peared to be affected in that the cultures that de­

veloped after irradiation did not grow as profusely as 

did the controls. Whether the effect is due to changes 

in the metabolism of the organism or simply a delay 

in the growth cycle is not clear. However, it is clear 

that growth and aflatoxin production are reduced or 

prevented within a given time frame. The incuba­

tion time of 7 days is comparable to the incubation 

time used by other workers, and permits comparison 

of data from different sources . 

Obviously differences in results exist between sever­

al workers. The differences are too great to be ac­

counted for on the basis of methodology. These dif­

ferences range from 50-fold increases in toxin pro­

duction by A. flavus at approximately 500 Krad re­

ported by Schindler and Noble (10) to essentially no 

increases in toxin production by A. parasiticus in our 

studies at 100 Krad with definite reductions in toxin 

production occurring after irradiation at 200 Krad. 

In addition, Jemmali and Guilbot (6) obtained no in­

crease in aflatoxin production by A. flavus at 200 

Krad and a definite decline in toxin production at 

350 and 500 Krad. Applegate and Chipley (1, 2) on 

the other hand observed stimulation of aflatoxin B· 

and G• production by A. flavus at 200 and 300 Krads 
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using a cracked wheat substrate, but no stimulation 

beyond 150 Krad using a synthetic medium. It 

would seem that these apparent discrepancies might 

be explained on the basis of differences between spe­

cies, differences between strains within species, and 

substrate effects. 
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ABSTRACT 

The 3M Brand Automatic Colony Counter, Model 620, was 

evaluated and compared with three laboratmy technicians on 

raw milk Standard Plate Count ( SPC) cultures over the range 

of counts from 0-300 colonies per culture plate. Overall, the 

estimated total variance for the three technicians was 15.07, 

for the 3M unit 17.82. On plates averaging greater than 150 

colonies the 3M unit and hand counts were about equal in 

variability. On lower counts the 3M device was somewhat 

more variable, although within what would appea'l' to be 

acceptable limits. For the range of data studied, 99 .4% of the 

variance (for the average oi three counts by either method) 

could be accounted for by a similar average of observations us­

ing the other method. The 3M unit aver-aged 2.33 counts 

higher than technician counts . 

Counting of bacterial culture plates is a slow, tedi­

ous process at best, involving a certain degree of 

imprecision. Advent of automatic scanning and count­

ing devices now make it possible, if counting ac­

curacy is acceptable, to do this task electronically 

and at significant savings in time and labor, especially 

in large centralized laboratories. 
In Standard Methods for the Examination of Dai1·y 

Products (1), it is suggested [referring to work of 

Courtney (2) and Donnelly et al. (3)] that laboratory 

workers should have sufficient counting proficiency 

to duplicate counts on ·the same plate to within 5%, 

and counts of other analysts to within 10%. One can 

assume, therefore, that 10% error is the maximum 

tolerable, though better precision is, of course, more 

desirable. 
The study reported herein analyzes and compares 

counting variability of the 3M Automatic Colony 

Counter with three laboratory technicians within 

ranges over the broad range of counts generally con­

sidered acceptable for 'the SPC ( 30-300 colonies). 

MATERIALS AND METHODS 

Standard Plate Count ( SPC) culture plates of raw milk 

'Scientific Journal Series Paper No. 8536, Minnesota Agricultu­

ral Experiment Station, St. Paul, Minnesota 55101. 
2Reference to commercial products or trade names is made 

with the understanding that no discrimination is intended and 

no endorsement is intended. 

samples were segregated for this · study from regular-run 

samples in the on-going operation of the Dairy Quality Con­

trol Insti tute, Inc. laboratory. Approximately 20 plates were 

randomly selected in the range of 0-49 colonies, and then ap­

proximately 20 for each 50-count increment above 49 up to 

and including 300 colonies . All plates were prepared and in­

cubated according to procedures set forth in Standard Meth­

ods for the Examination of Dairy Products (1). 

Plates found to fall within an appropriate range of count 

were counted by the technician engaged in this routine on 

any given day of laboratory operation. The plate was then 

counted in triplicate on a 3M Brand, Model 620, Automatic 

Colony Counter (3M Company, New Business Ventures Di­

vision, St. Paul, Minnesota, 55101). Between counts on the 

3M unit, plates were rotated approximately 60 degrees to as­

sure a different orientation for each count. After an individual 

plate had been thus counted, it was set aside for hand counting 

by two additional technicians, each of whom made one count. 

Thus, each plate was counted three times by machine and 

three times by technicians . The same three technicians were 

used exclusively, and in all instances counting was completed 

within 2 h folowing the initial counts. All technicians used 

a hand tallying device for totaling counts. 
In addition to the 120 plates counted in triplicate, six plates 

were selected for special study. Counts on these plates varied 

around the mid-range of the major incremental ranges selected 

for the study, that is between 50 and 99, 100 a nd 149, etc. 

Each of these plates were counted 20 times on the automatic 

counter, rota ting the plate approximately 18 degrees between 

counts. Plates were then hand counted five times on five 

di fferent occasions by a single technician. Counts were re­

corded and subjected to a special statistical analysis separate 

from that made on the other 120 p lates. Variance estimates 

were determined. Also, the Behrens-Fisher test (4) was ap­

plied to each separate plate. 

A few comments should be made concerning operational 

requirements of the 3M Brand, Model 620, Automatic Counter . 

Because the unit detects colonies by measuring changes in 

light transmitted through the agar medium, plates must be 

absolutely clean . No b·ademarks, pen or crayon marks can 

be present. Also, scratches will be "seen" and counted as 

colonies, causing inaccmacies. Plates should be periodically 

checked and those with scratches discarded. For this in­

vestigation, to minimize the possibility of scratches interfer­

ing with counts, plastic plates were used. Secondly, the agar 

must be fairly uniform in transparency and colonies distri­

buted evenly over the surface. No special technique is re­

quired over and above methods outlined in Standard Methods 
for the Examination of Dai1·y Products. But the point is, 

sloppy laboratory procedures cannot be tolerated if best re­

sults are to be achieved. In this study, no speecial plating 

skills we1·e applied. Plates were simply picked from among 
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TABLE l. AvERAGE VARIANCES AND COEFFICIENT OF VARIATION VALUES FOR T HREE TECHNICIA NS AND THE 3M AUTOMATIC COLONY 

COUNTER OVER VARIOUS RANGES OF SPC COUNTS 1 

31\l 
Tecltn.icians Au tom a t.ic Counter 

Range of No. of A\·g. \ "a rian ce2 Coef. of 1\o. of Avg. Varian ce:.! Coef. of 

counts plates co unt (82) var ia t ion2 plates count (Sz) variatiou2 

0-49 28 29.9 1.42 0.0345 24 29.4 6.66 0.1144 

50-99 22 73.8 4.30 0.0244 25 73.7 17.47 0.0516 

100-149 20 126.6 9.65 0.0213 19 125.3 14.37 0.0273 

150-199 19 175.9 34.50 0.024.g 18 170.3 21.61 0.0237 

200-249 20 223.2 19.70 0.0164 24 223 .0 24. 14 0.0189 

250-300 19 275 .5 20.37 0.0142 17 274.5 25.75 0.0109 

'Counts were made in tliplicate in all cases. 
2Values for s2 and coefficient of varia tion were computed sepaq·a tely for each plate. The table entry is the average of values 
far plates in the specified range. 

the samples being routinely counted in the quality control 

laboratory. 
Lastly, spreaders may overlap other colonies and intedeTe 

with the counting process. Such plates should either be count­
ed manually, or the spreader and masked colonies counted 

separately and added to the tally observed by the automatic 
counter. To avoid this variable altogether, only non-spreader 

plates were analyzed in the wmk reported herein. 

RESULTS AND DISCUSSION 

After extracting variance due to plate differences, 

estimated total variance for manual counting was 
found to be 15.07. Variance of counts obtained with 

the 3M unit, after extracting the plate sum of squares, 
was 17.82, an indication that counts obtained elec­
tronical ly were somewhat more variable than techni­

cian counts. 
In Table 1 may be seen va riance and coefficient 

of variation values for both technicians and mach1ne. 
'Vith the exception of technician counts between 150-

199 colonies, which appear to be out of line, machine 
and technician counting show about the same vari­

ability at counts above 150. Computation of the 
line of best fit by least squares criteria established 
the following relationships between the two counting 

methods . For the standard method 
' a 2sM 0.1257 UsM - 2.9668, for the 3M unit a 2 aM 

0.634 U3M + 8.5733. 

. . . . "' UsM + UaM 
Imtially, the relatwnsh1p between m = 

2 
and 

1\ 
d = ( UsM - u aM) was computed, and was found to be: 
/\ -" 
d = - 4.0292 + 0.0118 m. There was, on the average, 

a + 2.33 colony count bias by the 3M method. 
Over the range of data included in th.is investiga­

tion, 99.4'% of the variance for a three count average 

by either method was accountable in a similar aver­

age of observations by the other method. Certainly, 

this is indicative of a high level of agreement between 

the two methods. 

To further study the variability in counting methods 

six plates of widely different counts were selected. 

Each plate was counted 20 times by the automatic 

counter and five times by a single technician. Vari­

ance estimates were sigmficantly larger than those 

predicted by the previous relationships at the 0.05 

level for four plates using the 3M counter and one 

plate by the standard method. The Behrens-Fisher 

test ( 4) (applied separately to each plate) was used 
to determine whether or not the observed <f was 
significantly different from - 2.33. Results showed 
that four of the six plates were significantly differ­
ent from this value. Clearly, other factors besides 

actual colony numbers affect the difference between 
counts by the two methods and, to a lesser extent, 

affect counting precision by either method. 

The 3M unit shows greater variability at low counts, 

but only at counts below 50 does the variability appear 

to be of questionable magnitude. According to the 

estimated relationship a 3M is Ylo of u3M when UaM = 

32.62; it is 1ho of u3M when u3M = 72.60. In other words, 

the standard deviation is 10% of the mean (or 3.26 

colonies) at a count of 32.62. When the count reaches 

72.60, the standard deviation is 5% of the mean (or 

3.63 colonies). In any event, the data do not provide 

for variability among laboratories. By the same token 

variability in the 3M counter does not include variabil­

ity among machines. However, one might expect this 

latter source of variability to be rathe.r small. 

The variability of mean observed values is much 
larger than would be expected on the basis of vari­
ability estimated from deviations around the mean 
for each plat~. Th.is observation, along. with the 

somewhat inconsistent results obtained when a large 
number of replicates \.vas counted, strongly suggests 
that certain characteristics of the plates other than 

actual numbers of colonies influence the variability 

of counts by both methods. Actual precision, by 

' 
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either procedure, is likely similarly affected by 

extraneous characteristics of the plates. 

Despite the fact that some inconsistencies exist , 

the observed relationship between counting methods 

is very good. Since the actual number of colonies 

on any given plate is in reality unlmown, it is not 

possible to determine which method, in fact, esti­

mates colony numbers more accurately. For this 

reason, one is led to consider variability as the major 

criterion of comparison. Furthermore, such variance 

cannot be interpreted as a common variance, but 

rather an average over some distribution of variabili­

ties, the distribution depending on unknown charact­

eristics of the plates other than actual colony count. 

With the above considerations in mind it seems 

fair to suggest that the precision of the 3M counter 

is acceptable over the range of counts ordinarily con­

sidered readable ( 30-300) by the SPC method, even 

though within-plate reproducibility at very low counts 

is somewhat greater than 5%. If desired, plates in 

the range of 30-50 colonies could easily b e read by 

the standard procedure, along with any spreader 

plates. 
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ABSTRACT 

Studies were made to compare the effect of different flask 

closures (cotton, plastic foam, parafilm, and metal) on the 

growth response of Saccharomycos caTI.sbergensis ( sacch aromy­

ces uvannn) used to assay for vi tamin Bs. The organism 

showed maximal growth response and gave optimal stand­

ard curves when the assay was done in cotton-plugged 

flasks. 

The Food and Drug Administration has published 
food labeling regulations governing the nutritional 
content of food products (11). The declaration of 
vitamin Bs on the nutrient label will be mandatory 
if it is added. It may be listed when vitamin Bs 
occurs naturally in the food product. The food samp­
les are to be "analyzed by Association of Official 
Analytical Chemist ( AOAC) methods where avail­
able or, if no AOAC method is available, by reliable 
and appropriate analytical procedure." This regula­
tion is effective for all labels ordered after Decem­
ber 31, 1973, and is final after December 31, 1974. 
Therefore, factors affecting the accuracy and sensi­
tivity of the vitamin Bs assay method need to be 
elucidated. 

Saccharomyces carlsbergensis (Sac c h a 1· om y c es 

uvarum (6) is noted for its growth response to the 
total vitamin Bs group: pyridoxine, pyridoxal and 
pyridoxamine ( 4). For this reason, it is the preferred 
assay organism. At present, the AOAC assay method 
for determination of total vitamin Bs in food uses 
S. carlsbergensis 4228 (ATCC No. 9080) (10). In 
this procedure, a sterile cheesecloth covers the assay 
tubes which have plastic caps with an l/8-inch hole 
through the top for inoculation. Also, Haskel and 
Snell (3) mention only as a side remark the possible 
use of cotton plugs for the assay flasks. 

In general microbiological work, it is known that 
the type of flask closure will affect the growth re­
sponse of aerobic microorganisms by limiting the 

!This inves ti gation was supported in part by a grant firom 

Dairy Research Inc. Published with the approval of the 

Director as Paper No. 3721, Journal Series, Agliculture Ex­

periment Station, Lincoln, Nebr. Work reported was con­

ducted under Reserurch Project 16-26. 

suppy of oxygen to the culture. In comparing the 
growth of Bacillus megaterium, an obligate aerobe, 
in cotton-stoppered flasks with that in open flasks, 
Schultz (9) found that the initial growth rates are 
similar, but at higher cell densities growth was re­
stricted in the flasks with the cotton. Corman et al. 
(2) suggested -that use of three layers of milk filter 
discs "Rapid-flo" (Johnson and Johnson Co., New 
Bmnswick, N. J. ) as a flask closure would be far 
superior to cotton plugs where maximum aeration 
efficiency in shake flasks is required. No informa­
tion is available, however, on the efficacy of simple 
flask closures such as metal, plastic foam, and para­
film in comparison to cotton plugs in the vitamin Bs 
microbiological assay. In this study the effect of 
these types of closures on the growth response of 
S. ca rlsbergensis 4228 to vitamin Bs was determined. 

MATERIALS AND METHODS 

The assay flask closures included plastic foam ( diSPoR 
plugs, Scientific PToducts, Evanston, Ill.), cotton (non­

absorbent, Univers ity plugging cotton, Rock River Mfg. 

Corp.. Janesville, Wise. ), PARAFILM "M"R (American Can 
Co. , Neenah, Wise.) and metal (stainless steel culture tube 

closure, Bell co Glass, Inc., Vineland, N. J.). Regular Erlen­

meyer flasks were used for all closures except the metal 

ones which Tequire Bellco DeLong culture flasks. S. carl.s­

bergensis 4228 ( A TCC 9080) was used to assay vitamin Bs. 
S. carlsbergensis was grown on Micro Assay Culture AgaT 

( Difco) slants at 30 C for 24 h for three successive trans­

fers before the first assay. The inoculum was prepared 

aseptically by washing the yeast cells fi f}ffi a 24-h slant With 

10 ml of sterile saline (0.9% NaCl) and centrifuging the 

suspension in stelile tubes. The supernatant liquid was 

discarded. The cells were washed twice more with saline 

and finally resuspended in sterile saline to give a 73-76% 

transmittance at 640 nm, using a Beckman DB Spectrophoto­
meter. This suspension was used as the inoculum. 

In preparing the standrurd curves, freshly prepared py­

ridoxine-HCl solution ( 2 ng/ ml) was pipetted into dupli­
cate selies of 50-ml flasks to give a range of 0.0 to 10.0 

ng pyridoxine per flask. The volume was brought up to 

5.0 nil with twice-distilled deionized water. Five milliHters 

of P)'ridoxine Y Medium ( Difco) were then added to each 

flask. Four different standard curves were prepared using 

cultmes growing in flasks fitted with four different types 

of closures: cotton plug, plastic foam, metal caps, two lay-

, 
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TABLE 1. T HE EFFECT OF THE TYPE OF ASSAY FLASK CLOSURE ers of Parafilm . All the flasks were autoclaved at 121 C 

ON THE VITAMIN Bs CONTENT OF NONFAT DRIED MILK for 10 min . COOled to room temperature, inoculated aseptically 

Closu re type 

Cotton 
Metal 
Para film 
Plastic foam 

" • ., 
, -- l • 

Jl.r; Vitam in 

1.3 
1.3 
1.1 
1.2 

50 ml 
PYREX • ,~ .. "91Q 

Bs/g 

F igure l. T he four types of flask closures. 1. Cotton; 

2. Metal cap ; 3 . Parafilm ; 4. Plas tic foam. 

.5~------------------~ 

~ 

S.4 
. ~ 

0 
~.3 
co ....._, 

•.2 
Q 
• 0·1 

PARAFIL M 
• • 

• 
PLASTIC FOAM 

• 

2 3 4 56 7 8 910 

ng PYRIDOXINE 

Figure 2 . The effect of the type of assay flask closure 

on the growth response of Saccharomyces ca.rlsbergensis 4228 

to pyridoxine. 

with one c!Top of th e inoculum from a size 20 needle, and 

incubated at 30 C in a New Brunswick Incubator Shaker 

Reciprocating Modal R25 ) a t 120 rpm for 18 h . T he growth 

response in terms of optical density at 640 nm for each 

flask was recorded on a Beckman DB Spectrophotometer 

after correcting for the blank. 

RESULTS AND DISCUSSION 

Figure 1 illustrates the four types of stoppered 

flasks. Figure 2 shows the four standard curves ob­

tained. Under the same experimental conditions, 

the cultures grown in cotton-plugged assay flasks 

showed the best ·growth densities and responded in 

growth over the entire range of 0 to 10 ng pyridoxine. 

Cultures grown in the metal-capped flasks respond­

ed only up to 6 ng pyridoxine, those in parafilm­

covered flasks only up to 5 ng pyridoxine, and those 

in the plastic foam-stoppered only up to 3 ng pyri­

doxine. 

As observed, the differences in the growth response 

of the yeast appear to be related to the extent of 

aeration provided by the different closures. The 

cotton plug evidently allowed for optimum air trans­

fer to the yeast cells. These results are also in 

agreement with those of Morris et al. (8) who ob­

served that alteration of the surface area :volume 

ratio in static cultures by variously sloping the assay 

tubes affected the aeration rate and response curves 

of S. carlsbergensis. Atkin et al. (1) achieved the 

most rapid growth of S. carlsbergensis when cultures 

were agitated constantly. 

Furthermore, Ladd (5) noted that in stationary cui­

hue tubes the growth of Pseudomonas flourescens in 

the tubes covered with stainless steel closures attain­

ed only one-half that observed in tubes with cot­

ton or foam plastic closures (Identi-plug, Gaymar 

Industries , Inc., Buffalo, N.Y. ). With shaker studies 

of Escherichia Coli, McDaniel and Bailey (7) found 

no significant difference between absorbent cotton 

plugs and plastic foam plugs ( Identi-Plugs, A. H . 

Thomas Co. , Philadelphia, Pa.) , but in this study, 

the cotton plugs were definitely superior to plastic 

foam plugs. 

To ascertain what effect the type of closure would 

have on sample assays, we analyzed nonfat dried 

milk for vitamin Bs. When the Bs content of the 

sample fell within the range of the standard curves, 

we found little change in vitamine Bs values (Table 
1) . Thus, under the experimental conditions out­

lined here, the use of cotton-plugged shake flasks 

would provide a wider working range and would re­

sult in maximal growth response. 

---- --------- - . - ---- --- --- -



440 JoE AND SHAHAN! 

REFE RENCES 

l. Atkin, L. , A. S. Schultz, W. L. Williams, and C. N. 
Frey. 1943. Yeast microbiological methods for determina­
tion of vitamins - pyridoxine. Ind. Eng. Chem. , Anal. Ed. 

15:141-144. 
2. Corman , J. , H. M. Tsuchiya, H. J. Koepsell, R. G . 

Benedict, S. E. Kelley, V. H . Feger, R. G. Dworschack, and 
R. W. Jackson . 1957. Oxygen absorption mtes in labora­
tory and pilot plant equipment. Appl. Microbiol. 5:313-318. 

3. Haske!, B. E ., and E . . E. Snell. 1970. Microbiological 
determination of the vitamin Bs group. pp. 512-518. In D. 
B. McCom1ick and L. D. Wright (eel) Methods in enzym­
ology, Vol. 18, Vitamins and coenzymes. Part A. Academic 

Press, New York. 
4. Hopkins, R. H., and R. J. Pennington. 1947. TI1e 

assay of the vitamin Bs complex. Biochem. ) . 41: ll0-114. 
5. Ladd, F. C. 1963. Comparative evaluation of cultUi!'e 

tube closures. Can. J. Microbiol. 9:727-729. 
6. Lodder, J. 1970. The yeasts, A taxonomic study. 2nd 

ed. North Holland Pub!. Co., Amsterdam, Holland. 
7. McDaniel, L. E ., and E. G. Bailey. 1969. Effect of 

shaking speed and type of closure on shake flask cultull'f!s. 

Appl. Micro bioi. 17:286-290. 
8. Morris, J. G., D. T. D. Hughes, and C. Mulder. 1959. 

Observations on the assay of vitamin Bo with Saccharomyces 
carlsbergensis 4228. J. Gen. Microbiol. 20 :566-575. 

9. Schultz, J. S. 1964. Cotton closure as an aeration bar­
rier in shaken flask fermentations . Appl. Microbiol. 12:305-

310. 
10. Toepfer, E. W ., and M. M. Polansky. 1970. Mic­

robiological assay of vitamin Bs and its components. J. Ass. 

Off. Anal. Chem. 53:546-550. 

ll. U. S. Food and Drug Administration. 1973. Food 
labeling. Federal Register. 38 F. R. 6950-6975, March 14. 

' 



rt 

' 

I 

·~ 

' 

]. Milk Food Technol., Vol. 37, No. 8 (1974) 441 
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ABsTRACT 

A selective plating medium was developed that a llows d irec t 

enumeration of salmonellae in dairy products such as nonbt 

dry milk, and Cheddar and cottage cheese. The agar medium 

developed was a modification of the Lysine-Iron-Cys tine broth 

of Hargrove et a!., 1971. Strains of species of the genera 

Escherichia, Enterobacter, Citrobacter, Pmteus, Shigella, 

Pseudomonas, and Bacillus were easily differentiated from sal­

monellae by coloriy color and color of surrounding area or 

absence of growth. The antibiotic, novobiocin, used as a 

selective agent, inhibited growth of some Proteus, Shigella, and 

Escherichia; however the antibiotic was most effective against 

Bacillus, without having any observable effect on salmonellae. 

The medium was sufficiently sensiti ve and selecti ve to permit 

detection of as few as 1-2 salmonellae per gram of product 

in the presence of naturally occurring bacteria and should be 

of considerable value in following the Salmonella content of 

artificially contaminated foods during processing and also 

during storage. 

Several different types of bacteriological media 

have been proposed for isolation and identification 

of Salmonella in foods. Most of these were designed 

for selective preenrichment or for differential growth 

on surface agars. Methods for direct quantitative 

enumeration consist almost entirely of a most prob­

able numbers procedure ( MPN) (6). Some workers 

contend that if dried foods are to be examined, pre-

enrichment and quantitative es timation by MPN is 

essential (2) and perhaps the only way of estimating 

the degree of contamination. Sperber and Deibel 

recently reported an accelerated procedure for Sal­

monella detection in dried foods (5). There appears 

to be a definite need for a selective direct plating 

procedure which would permit a more rapid and 

reliable estimation of Salmonella particularly with 

artificially contaminated foods. The advantages of 

direct plating of a food, is that as a research tool, one 

can follow the effect of processing and storage on the 

Salmonella bacteria even in the presence of other 

naturally occurring bacteria. 

In a recent study reported by Hargrove et al. (1) 

a lysine-iron-cystine broth was used effectively for 

' 
'Mention of a trademark or proprietary product does not con­

stitute a guarantee or warranty of the product by the U.S. 

Department of Agriculture, and does not imply its approval to 

the exclusion of other products that may also be suitable. 

presumptive detection of Salmonella in dairy pro­

ducts and as a one-step preenrichment and selective 

medium in a 24-h immunofluorescent procedure for 

salmonellae in non-fat dry milk ( NDM) which is 

capable of detecting one Salmonella per 100 g (4) . 

The present study reports the adaptation of this 

medium as a selective plating agar medium for the 

direct enumeration of Salmonella. 

MATEIUALS AND METHODS 

Pure cultures of sa lmonellae and related types were used 

in developing the plating medi um; these included 36 Sal­

monella serotypes and representati ve strains of the species of 

the genera Escherichia, Enterobacter, Citroba.cter, Proteus, 

Shigella, Pseudomonas, and Bacillus. 

In preliminary screening tes ts several standard and selective 

agar media for Salmonella were compared in the direct enum­

eration of stock cultures of salmonellae in milk. Media com­

pared were Bismuth Sulfite agar (Fisher), Brilliant Green agar 

( Difco ) , Sa lmonella-shigella agar ( Baltimore Biological Labora­

tories), MacConkey agar ( Difco), ami a lysine iron agar pre­

pared from Hargrove's lys ine-i·ron-cystine broth (1). Total plate 

cou nts were compared with those obtained with Standard 

Plate Count agar ( Difco). 

The type and degree of injury that normally occurs to Sal­

monella in processed foods should be closely simulated by the 

method of preparation of contaminated product. Organisms 

used were fresh 18 h cultures grown on trypticase soy broth. 

Dilutions of these were inoculated into pas teurized whole 

milk (Cheddar cheese) and / or skim milk ( non-fat dry milk) 

before manufacturing into specific dairy products in our pilot 

plant. Fresh skim milk for Cottage cheese was fortified to 

11% solids with NDM and pasteurized. Products tested in­

clude nonfat dry milk ( NDM) and Cheddar and cottage 

cheese. 

Medium 
The lysine- i-ron-cystine broth medium as proposed by Har­

grove et al. (1 ) was sli ghtly modified for use as a plating 

medium . The significant changes were the substitution of 

brom cresol purple as a pH indicator and an increase of the 

cystine con tent from 0.1 to 0.2 g per liter. The medium which 

was formul ated and which showed the greatest selectivity for 

all Salmonella strains is listed below: 

L-Lysine, 10 g; Bacto tryptone, 5' g; yeast extract 3 g; lac­

tose, 5 g; salacin, 1 g; glucose, 1 g; L-cystine, 0.2 g; ferric 

ammonium citrate, 0.5 g; sodium thiosulfate, 0.5 g; brom 

cresol purple, 0.02 g; agar, 15 g; distilled water, 1000 mi. The 

medium was adjusted to pH 6.4-6.5, dispensed in flasks, and 

sterilized at 121 C for 15 min. 

Novobiocin ( Upjohn) was added aseptically to the cooled 
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TABLE 1. GROWTH OF REPRESENTATIVE PURE CU LTURES IN SELECTIVE MEDIUM1 

OrJ:!ani sm 

Salmonella cubana 
Salmonella mo11tevideo 
Salmonella oranienburg 
Salmonella tennessee 
Salmon ella worthington 
Salmonella senftenberg 
Salmonella choleraesuis 
Salmon ella paratyphi A 
Salmonella tennessee•• 
Escherichia coli 
P·roteus vulgaris 
Proteus morganii 
Proteus mirabilis 
Bacillus megaterium 0 0 0 

Bacillus cereus 
Bacillus subtilis 
Bacillus sterothermophilus 
Aerobacter sp. 
Citrobacter sp . 
Pseudomonas sp . 
Shigella sp. 

LI CA J:' I'OWtll 

+++ 
+++ 
+ + + 
+++ 
+++ 
+++ 
+++ 

+ 
+++ 

±0 

± 

+ + + 

+++ 
+ ++ 

± 

'The newly developed lysine-iron-cystine agar ( LICA) . 
0 ± Some strains inhibited. 
00 Lactose positive. 
000 Bacillus strains tested at 1()6 organism/ plate. 

Colony ap peara nce 

Black-lens 
Black-lens 
Black-lens 
Black-lens 
Black-lens 
Brown-lens 
Brown-lens 
Black-lens 
Black-lens 
White 
White 

White 

White 
White 
White 

2\l cdium reaction 

Alkaline-purple 
Alkaline-purple 
Alkaline-purple 
Alkaline-purple 
Alkaline-purple 

. Alkaline-purple 
Alkaline-purple 
Purple 
Acid-yellow 
Acid-yellow 
Slightly acid 

Acid-yellow 

Acid-yellow 
Acid-yellow 
Acid and alkaline 

+ + + = 300-100 colonies corresponding with counts on Plate Count Agar of between 300 and 100 colonies. 
+ = Few colonies 3-30, control plates were between 300-100 colonies. 

( 45 C) melted agar just before plating to give a final con­
centration of 5 !Lg/ ml. As previously shown (1 ) novobiocin sel­

ectively inhibited growth of undesirable gram-positive micro­
organisms, particularly sporeformers. Selected strains of Es­
cherichia coli, Proteus, Pseudomonas, and Shigella were also 
inhibited. 

Trypsin (Nutritional Biochemical 1-3000) was added to the 

medium or plates containing .25 to 1 g of dairy product to 
digest milk casein (3) . Stock sterile trypsin solution was pre­
viously descr.ibed (1) and usually 1-2 ml of the trypsin solu­
tion was added to the cooled melted agar medium. 

Plating procedure 
Because of the spreading growth of Salmonella in the med­

ium, agar plates were poured in three stages. 
An underlayer ( 10-15 ml of single strength agar) was added 

to sterile petri dishes and allowed to solidify . The sample dilu­
tion was added and poured with a second layer of agar ( 10-15 

ml) and allowed to solidify. (Double strength agar was used 
for the second agar layer when the sample aliquot exceeded 
1 ml) . Plates were then covered with a third "sealing" lay­
er of agar. Plates were incubated at 37 C for 24 h ; only the 

black colonies were recorded, and then all plates were re­
incubated for an additional 24 h to detect slight H2S producers. 

NDM and cheese samples were prepared for plating as fol­

lows: 
A 25% ( W IV) milk concentrate was prepared from NDM 

powder by adding sterile distilled water ( 85 ml) to 25 g of 

powder. The mixture was blended in a sterile blender and the 

volume was adjusted to 100 ml before plating. A maximum 
of 4 ml of the concentrate could be added to a 100-mm dia­
meter glass petri plate. The concentrate was used to make 

TABLE 2. 

:\llM 
Lot. no. 

1 A 

1 B 

1 c 

1 D 

Col\•IPARISON OF DIRECT PLATE CouNT' AND MPN 

FOR ESTIMATING SALMONELLAE IN NDM 

A ge 
(Weeks) 

1 
2 
3 
4 
6 
1 
2 
3 
4 
6 
1 
2 
3 
4 
6 
1 
2 
3 
4 
6 

rontamin ating 
Sal mont/ fa 

S. newb-runswick 

S. cubana 

S. newbru.nswick 

S. cubana 

Salmo , rlla/ g 
Direct count2/ MP:>I 

320 460 
296 460 
220' 240 

80 43 
39 43 

480 460 
445 460 
310 240 
150 93 
80 93 
80 75 
34 43 
34 43 
30 43 

2 0 
44 43 
39 43 
31 43 

9 9.1 
1 3.6 

'Using the newly developed lysine iron cystine agar. 
2Average value of triplicate platings of samples . 

; 

' 
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TABLE 3. AssAY OF Salmonella-coNTAMINATED CoTTAGE 

CHEESE DURING PROCE SSING 

Point in manufacture 

Cheese milk 
Milk coagulated 

(before cutting) 

Whey before .cooking' 
Whey before drain 

Curd-uncreamed 

'Cooked at 120 F for 20 min. 
25 tube MPN. 

Lysine- iron 
cystine 

co unt/mi -g 

21 X 104 

25 x 10• 

27 X 10" 
0 
0 

~IPJ\2/ ml -g 

24 x 10• 
24 X 104 

32 X 103 

0 
0 

TABLE 4. ASSAY OF SALMONELLAE IN ARTIFICIALLY CONTAMI­

NATED CHEDDAR CHEESE DURING MANUFACTURE AND STORAGE 

USING THE LYSINE-IRON-CYSTINE SELECTIVE PLATING AGAR 

Time Make s tatus l\umbe1· of cell s II mi- g 

2 h 15 min. Inoculated pasteurized milk 33 X 102 

3 h 15 min. Whey-end uf cooking ( 100 F) 23 X 101 

3 h 15 min. Whey-drained 47 X 101 

24h Curd-drained 60 X 104 

2 wk Begin ( curing) storage at 50 F 54 X 10' 

6 wk Curing 50 F 23 X 10' 

14 wk 19 X 10' 

18 wk 24 X 10" 

26 wk ll X 10" 

30 wk 15 X 10" 

34 wk 2 X 101 

0 0 

the appropriate tenfold dilutions of the powder. 

Eleven-gram samples of cheese were emulsified in 99 ml of 

I sterile distilled water containing 0.2% socUum citrate. A maxi­

imum of 5 ml of the cheese sluny could be add ed per plate. 

Dilute solutions of milk or cheese required no trypsin. 

The MPN (6) was determined in lactose broth. Selenite 

broth also was used occasionally to determine whether coli­

form overgrowth was an interfering factor. After incubation 

at 37 C for 18 h, 0.05 ml from each MPN tube was streaked 

onto Brilliant Green agar. Growth from typical colonies was 

transferred to Lysine agar ( Djfco) and Ttiple Sugar Iron 

agar ( TSI; Djfco). Growth from tubes exhibiting typical 

Salmonella reactions was checked for agglutination with type 

0 polyvalent Salmonella antisera ( Djfco). 

RESULTS AND DISCUSSION 

Except for lysine-iron and MacConkey's agar, all 

of the test media used for comparative enumeration 

of . Salmonella in milk showed some degree of in­

hibition. Nearly all Salmonella grew rapidly in the 

medium and formed large, black lenticular colonies 

in 24 to 48 h. Typical results from pure cultures are 

shown in Table 1. A deeper purple zone about the 

colonies indicated an alkaline reaction due to the 

action of lysine decarboxylase. Strains of Salmonella 

choleraesuis, Salmonella sendai, and Salmonella senf­

tenberg produced brownish rather than typically black 

colonies in 48 h. These strains are known to produce 

little or no hydrogen sulfide on TSI agar. A lactose­

positive Salmonella tennessee gave an acid medium 

reaction but the colony was the typical black. Coli­

forms and Citrobacter utilized lactose and salacin and 

gave an acid reaction (yellow ) in the medium around 

their white lenticular colonies; colony growth remain­

ed white without blackening. All the Bacillus species 

used were very sensitive to 5 11-g novobiocin/ml and 

as many as 10' cells/ml were inhibited. Additionally 

many gram-positive organisms were inhibited by 5 

11-g of novobiocin/ml, as was Shigella, some strains of 

E . coli, and species of Proteus and Pseudomonas. 

Salmonella pamtyphi A showed slight inhibition with 

5 11-g of novobiocin/mi. Most salmonellae grew 

readily in the medium with levels of antibiotic as 

high at 10 11-g/rnl. 

An agar underlayer was essential before addition 

of the sample to prevent colony spreading on the 

bottom of the plates. Similarly, after plates were 

poured an overlayer was essential to prevent surface 

spreading. vVithout an overlayer Salmonella colon­

ies were indistinguishable from coliforms and other 

gram-negative organisms, because all surface colony 

growth turned black and gave an alkaline reaction 

in the medium. 

Trypsin was essential to clarify the medium when 

milk concentrates of dairy products were plated (4). 

Casein digestion and medium clearing was usually 

complete after 4 to 6 h incubation. A comparison 

of the direct plate count and the three tube MPN 

(a prepared table estimated value) procedures (6) in 

repeated sampling of four lots of NDM during stor­

age is shown in Table 2. These data show that 

the direct plate count is as sensitive as the MPN at 

these levels of contamination. The decline in viable 

cells over a 6-week period can be seen in both the 

high and low contamination level. The medium 

and plating procedure was sufficiently sensitive and 

selective to permit detection of as few as 1-2 sal­

monellae per gram of product. While reliability of 

results from such low counts may be questionable, 

they were generally reproducible. In following the 

manufacture of Salmonella contaminated cottage 

cheese one can see it can easily be monitored with 

lysine-iron-cystine agar ( LICA), and the agar can 

be used effectively to establish that the cooking 

stage (or sanitizing step) is effective (Table 3). 

Artificially contaminated Cheddar cheese can be 

analyzed for Salmonella with LICA during manufac­

ture and curing (storage at 50 F). Note that multipli-
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cation of Salmonella has occurred during manufacture 

(Table 4). It is believed that this medium will be 

of considerable value to researchers interested in 

following the progress of Salmonella in artificially 

contaminated food products. 
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INFLUENCE OF THE HARVEST METHOD ON CONTAMINATION OF 

FRUIT BY BYSSOCHLAMYS ASCOSPORES 

D. F. SPLI'ITSTOESSER, D. L. DowNING, N. F. RoGER, AND D . I. M u RDOCK 

New York . State Agricultural Exper-i.ment Station, 

Cornell University, Geneva, New York 14456; A. F. Mttrch Co. , 

Paw Paw, Michigan 49079; and The Coca Cola Co. , 

Plymouth, Florida 32768 

( Received fo r publication April 1, 1974) 

ABSTRACT 

Mechanically-harvested tart cherries and Concord grapes 

were not more heavily contaminated with Byssochlam.ys asco­

spores than were hand-picked fruit. The data suggested, how­

ever, that both harvest procedures may be sources of contami­

nation, probably because of soiled surfaces. Studies on var­

ious Byssochlam.ys isolates revealed marked differences in hea t 

resistance. 

Only in recent years has the heat-resistant mold, 

Byssochlamys, been. recognized as a spoilage agent 

of canned fruits and fruit products in the United 

States (2). The present widespread use of machines 

to harvest many fruits raised the question as to 

whether changes in harvest procedures might have 

increased the opportunity for contamination by this 

organism. The objective of this study, therefore, 

was to compare the incidence of Byssochlmnys spores 

on red tart cherries and Concord grapes that were 

picked by machine and by hand. 

MATERIAL S A ND METHODS 

Samples 
The New York-grown fruit was collected at the receiving 

platforms of area factctries. Samples were sealed in poly­

ethylene bags and held in an ice chest until placed in freezer 

storage at - 23 C. In general, each sample represented mater­

ial from a d ifferent grower. Water samples also were taken 

when cherries were transported in tanks containing chilled 

water. 
The Michigan cherries were not commercially harvested but 

rather represented fruit that was picked under the supervision 

of quality control personnel. The fruit was placed in poly­

ethylene bags, frozen, and then shipped to the Geneva labora­

tory over dry ice. 

Enumeration 
The method used to culture fruit for Byssochlamys asco­

spores has been described (3) . Briefly , approximately 100 g 

of cherries or grapes were blended 5 min with 100 ml of 15o 

sterile Brix Concord grape juice. The blender jar with the 

blended material was then placed in a 70 C water bath for 

~ h to des troy hea t-sensi tive organisms and to activate dor­

mant ascospores. ( Activation was enhanced by the Concord 

grape juice. ) After heating, the entire homogenate was 

distributed into petri dishes, about 10 ml per plate . E qual 

volumes of potato dextrose agar ( pH 3.5) containing 3% agar 

were then added to the plates and the material was mixed. 

Colonies were counted after an incubation of 5 days at 32 C. 

The procedure used for water samples differed in that spores 

were first concentra ted by centrifugation of 200 ml for 30 min 

at 10,400 X g in a Servall SS-3 centrifuge. The centrifuged 

sediment was resuspended in 5 ml of 15• Brix Concord juice, 

then heated 75 min at 70 C. 

To confirm that molds which developed on plates were heat 

resistant, differen t colony types were transferred to culture 

tubes containing 5 ml of 15° Brix Concord juice, a medium 

that affords good ascospore formation. Following an incuba­

tion of 28 clays at 32 C, culture homogenates were tes ted for 

thermal resistance by enumerating the survivors after heating 

60 min a t 70 and 85 C . 

R ESULTS AND DISCUSSION 

Cherr·ies 

During the 1972 season surveys were conducted at 

two cherry processing plants on four separate days. 

The results (Table 1 ) indicated that although Bys­

sochlamys ascospores were not uncommon contami­

nants of tart cherries, their presence could not be 

correlated with the harvest procedure. Thus hand­

harvested and mechanically-picked fruit gave com­

parable figures with respect to both spore counts and 

the percentage of Byssochlmnys-positive samples. 

Fruit collected directly from orchards under re­

latively "aseptic" conditions yielded a much lower 

T ABLE l. I NCIDENCE OF Byssochlamys ON RED T ART CH ERRIES 

H ARVESTED BY VARIOUS PROCEDURES 

Rnurce Harvest method 

Factory 1" Hanel 
Machine 

Factory 2• Hand 
Machine 

Orchard" Hand, "aseptic" 

" ew York, 1972 season 

"Michigan, 1973 season 

Ko. of 
sa mples 

14 
5 
ll 

8 
25 

P ercent SIJores/ 
pos itive 100 g 

100 23 

100 14 

55 4.9 

38 5.4 

4 1.0 

incidence of Byssochlamys; the mold was recovered 

from only one sample. Although these cherries also 

differed from the factory-collected samples in that 

they were from the 1973 crop and were grown in 
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TABLE 2. M ETHOD OF TRANSP ORTING CH ERIUES VERSUS THE 

LEVEL OF CONT AMI NATION BY Byssoch/mnys 

":\ umber P ercent S pores per 
Sample cu ltured pos itive 100 g 

Fruit shipped dry 14 100 21 
Fruit shipped wet 24 58 9.8 
Transport water 22 59 6.5" 

"Spores per 100 ml 

TABLE 3. Byssoch/am.ys SP ORES O N MECH ANI CALLY AND H AND 

H ARVESTED C ONCORD GRAP ES 

N umber Percent Spores per 
Sample cultu red pos ith·e 100 g 

Hand harvested 25 56 1.6 
Machine harves ted 16 56 3.7 

TABLE 4 . THERMAL RESISTANCE O F Byssoch/amys CULTURES 

ISOLATED FROM R ED TART CHERRI ES 

Artivated sporesn Heated 1 hr 85 C 

Isolate 

20 
72b 
21a 
19a 
6 
1a 

53 
9a 

72 
109 

4a 
80 

326 
83 
87 
87a 
87b 
87c 

4 
8 

97 

Viable coun t Yi ab le cou nt 

( x w•) 
100 
100 
140 
200 
100 
130 
180 

95 
120 
100 
210 
210 
140 
90 

360 
84 
56 
33 
13 

3.6 
1.2 

(X 10') 

50 
44 
49 
47 
24 
34 
50 
30 
20 
26 

0.0055 
0.031 
0.18 

< 0.001 
0.0085 

< 0.001 
0.012 
0.0025 

< 0.001 
0.046 

< 0.001 

"Heated 1 h at 70 C (equals 100% survival) 

% Surr iva l 

50 
44 
35 
24 
24 
26 
28 
32 
17 
26 

0.0026 
0.015 
0.13 

< 0.001 
0.0024 
0.0012 
0.02 
0.0076 

<0.0077 
1.3 

< 0.08 

Michigan, these differences probably do not explain 
the results. Rather, it is believed that the higher 
counts on the fruit collected at the factories reflect 
contamination that can occur during commercial har­
vest. Sources of this contamination include harvesting 
machines as well as soiled surfaces of containers such 
as lug boxes. Wooden boxes in particular are very 

difficult to clean . We might add that the idea of 
containers being a source of Byssochlamys is not new: 
it was observed in E ngland over 40 years ago (1) . 

Many growers transport their fruit to the factory 
in chilled water. The purpose is to prevent scald, 
brown spots that develop when cherries are bruised . 
Typically, one-half ton of fruit plus 60 gal of cool, 
10 fo 14 C, water are contained in a tank. It ap ­
pears that this practice physically removes some of 
the ascospores from the fruit surface and consequent­
ly reduces the number that are brought into the 
processing plant. Thus a lower number of contam­
nated samples was found with the water-transported 
fruit and the number of ascospores per 100 g also 
was less ( Table 2). With samples from two growers , 
the water yielded Byssochlamys while the cherries 
were negative. It is believed that the influence of 
the water-transport method explains the difference 
in spore loads found in fruit delivered to Factory 
1 and Factory 2 (Table 1 ). Factory 2, a larger 
operation, received more of its fruit in the tanks. 

Grapes 
Grapes that were culh1red represented fruit that 

was delivered to one of our larger processors over a 
24-h period. The samples were from different vine­
yards. Results (Table 3) were similar to those obtain­
ed with sour cherries in that again the data did not 
inc1iminate mechanical harvesting as a source of 
Byssochlamys contamination. (The slightly higher 
average spore count on the machine-harvested fruit 
would not be statistically significant ). 

The finding that commercially-harvested Concord 
grapes yielded fewer spores than commercially-har­
vested sour cherries was unexpected since grapes are 
more susceptible to soil contamination, a significant 
source of Byssochlamys spores ( 4) . 

Because grapes are a relatively perishable food, the 
juice industry has prescribed rigorous sanitation regi­
mens-it is believed that this has reduced contami­
nation by Byssochlamys as well as by yeasts and 
other molds. To illustrate: The processor who co­
operated in this study used only plastic lug boxes 
for transport of hand-picked fruit; boxes were cleaned 
and sanitized at the factory. Operators of mechanical 
harvesters were given very detailed instructions for 
cleaning. Included as requirements were a hosing 
off of the harvester every 3 to 4 h and a thorough 
cleaning with a strong detergent-sanitizer at the end 
of each shift. 

Heat resistance 
Studies on thermal resistance of various isolates 

indicated considerable difference between cultures 
(Table 4); about 50% of the isolates exhibited rela-

' 
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tively high resistance in that 10% or more of the 

spore population survived a heat treatment of 1 h at 

85 C while many of the others yielded survivals well 

below 1% when subjected to this treatment. As might 

be expected the number of spores present in the dif­

ferent homogenates had little bearing on the percent 

survival. Thus isolate 87 which had the highest 

spore count when activated at 70 C gave a survival 

figure of only 0.0024% when heated at 85 C for 1 h. 

age of processed fruit by Byssochlamys fulva . p. 64-73. Ann. 

Rept. Univ. ·of Btistol Fruit and Veg. Pres. Res. , Sta., Camp­

den, England. 

2. Maunder, D. T. 1969. Spoilage problems caused by 

molds of the Byssochlamys-Paecilomyces group. p. 12-16. 

In Byssochlamys seminar abstracts. Res . Cir. 20, N. Y. State 

Agr. Exp. Sta., Geneva, N. Y. 

3. Splittstoesser, D. F ., F . R. Kuss, and W. Harrison. 1970. 

Enumeration of Byssochlamys and other heat-resistant molds. 

Appl. Microbial. 20:393-397. 

REFERENCES 
4. Splittstoesser, D. F ., F . R. Kuss, W. Harrison, and D . B. 

1. Hull, R. 1933-34. Investigation of the control of spoil-
Prest. 1971. Incidence of heat-resistant molds in eastern 

orchards and vineyards. Appl. Microbial. 21:335-337. 

ASSOCIATION AFFAIRS 
AFFILIATES OF 

International Assn. of Milk, Food & Environmental Sanitarians 

ARIZONA AssociATION OF MILK, FooD 
AND ENVIRONMENTAL SANITAl~IANS 

P1·es., George H. Parker ______ Phoenix 
Sec'y. , Jerry Williams, 7536 West Acome 

Dr., Peoria, Ariz. 85346 

AssociATED ILLINOIS MILK, FooD. AND 
ENVIRONMENTAL SANITARIANS 

Pres., Harold McAvoy ______ Springfield 
Pres. -Elect, George Muck _____ Rockford 
First Vice-Pres ., Charles Price __ Chicago 
Sec . Vice-Pres., Lewis Schultz ------ - -

-------------------- _ Springfield 
Sec'y.-Treas., Robert Coe, 

Rt. 1, Box 149A, Hinckley 60520 
Sgt. at Arms, George Sikorski __ Chicago 
Auditors: 

John Bowden _______ ____ Rockford 
Floyd Keller ___________ Maywood 

CALIFORNIA AssOCIATION OF DAIRY AND 
MILK SANITARIANS 

Pres., Ron McLaughlin ________ Fresno 

First Vice-Pres., Hugh H. Bement ---­
--------------------- LaMirada 

Sec.-Vice-Pres., Fred I. Robins --- - - ­
----------------- San Francisco 

Sec'y.-Treas., Richard L. Ayers, 209 
North N, P. 0 . Box 492, Tulane, 
Ca. 93274 

Past Pres., Pat J. Dolan __ __ Sacramento 

CONNECTICUT AssOCIATION OF 
DAIRY AND FooD SANITARIANS 

Pres., Lester Hankin ______ New Haven 
V ice Pres., William Ullmann _Hartford 
Sec'y., Gordan A. Allen, Room 283, Dept. 

of Agric., State Office Bldg. ___ _ 

------------- - - - Hartford 06115 
Treas., Walter F. Dillman, Dept. of 

Agric., Rm. 281 , State Office Bldg. , 
Hartford, Conn. 06115 

Asst. Treas., Carl J ekanouski __ Hartford 
Board of Governors: 

E. Kellarson ______ Warehouse Pt. 
• W . Ullmann ________ East Hartford 

F. Davis --------- -- --- --------
T. Burkhard ____________ Trumbull 
K. Crane ____________ Bridgeport 

P. Vozzola ---------West Granby 
Joseph Carlson -------------- - - ­
Walter Dillman ---------------­
G. VanWormer --------Simsbury 

FLORIDA AssOCIATION OF MILK AND 
FooD SANITARIANS 

Pres., Sam 0 . Noles ______ Jacksonville 
Pres .-Elect, G. Gomez __ Ft. Lauderdale 
Sec'y.-Treas., Jay Boosinger, 3418 N. 

Meridian Rd. , Tallahassee, Fla. 
32303 

Board of Directors: 
Dave Fry ______________ Orlando 
C. Bronson Lane _____ ___ Orlando 
E mmett Hood ______ St. Petersburg 
Ralph Kirkland - - ------- --Tampa 
John Manning ______ __ Winter Park 

D. A. Hatcher -- - -- - -- --- - TamJ?a 
John Miller ____________ __ Orlando 
Jay B. Boosinger ____ __ Tallahassee 

IDAHO ENVIRONMENTAL 
HEALTH AssociATION 

Pres., Stephan E. Bastian ____ Preston 
Vice-Pres ., Harold R. Hyer ___ ___ Boise 
Sec'y.-Treas., Harry Furgeson, 

15 North 6th St., Pocatello, Idaho 
83201 

I NDIANA AssociATION 
OF SANITARIANS 

Pres. , Paul Welch --------Terre Haute 
Pres .-Elect, TI10mas Atkinson ___ ____ _ 

- -- ---------- ----- --- Richmond 
First Vice Pres ., Thomas Dorsey ____ _ 

------------- ----- -- Indianapolis 
Second Vice P1·es., Rick Lopez _____ _ 

-- --- ------------------ Muncie 
Secretary, Paul Meyers, Inruana State 

Board of Health, 1330 W . Mich . 
St., Indi anapolis, Ind. 46207 

T1·easurer, Richard W. Harlow ____ _ _ 

-- - ----- --- - - __ ------- Lafayette 

IowA AssociATION OF MILK, FooD AND 
ENVIRONMENTAL SANITARIANS, INC. 

P1·es., Glenn Cavin ______ Ceda~ Falls 
P.res.-Elect, D. H. Wilke ____ Dubuque 
First Vice Pres., John Hallbach _____ _ 

- - ------------------ Cedar Falls 

Seco~~-~!~~-::~s~~ -~~:~ ~~cf:Js~~pid~ 
Sec'y-Treas., H. E. Hansen, State Health 

Dept. , Robert Lucas Bldg., Des 
Moines, Ia. 50319 

Faculty Advisors : 
Earl 0. Wright __ __________ Ames 

W. S. LaGrange ____________ Ames 

Past Pres., Alvin Grey __ Marshalltown 

KANSAS AsSOCIATION OF 
E NVIRONMENTALISTS 

Pres., George Ga~Iison __ ______ Topeka 

First Vice-Pres., Don Bechtel ---------­

- -- - ------- - -- - --- --- Manhattan 
Second Vice-P1·es ., Jim Pyles __ __ Topeka 
Secretary-T1·eas., Gerald Jones, 123 N. 

Wash., El Dorado, Kansas 67042 

KENTUCKY AssociATION OF MILK, FooD 
AND ENVIRONMENTAL SANITARIANS, INC. 

P-res., James C. Hartley - ----Lexington 
Past Pres., Dudley J. Conner _Frankfort 
Pres.-Elect, Bmce K. Lane __ Louisville 
Vice Pres., James E. Spillman _Louisville 
Secretary-Treas., Leon Townsend 110 

Tecumseh Trail, Frankfort ' Ky. 
40601 ' 

Directors : 
Max Weaver, W. Region __ Murray 

----------------------- Glasgow 
Doug Perkins, M.W. Region ____ _ 

Hubert D. Edds --------Calhoun 
Marvin Fomash, N.C. Region ___ _ 

-------------------- Georgetown 
James T . Harrill N.C. Region ___ _ 

--- - --- -- ---------------- - Paris 
Floyd Giitton, N.C. _____ Owenton 
Paul Devine, N.C. __ Harrodsburg 
William Gilbreath, S.C. Region __ 

-- - ---- ------------ -- - Somerset 
J. B. Bowman, E. Region - -------
- - - -- -- ____ ______ ..:_ __ Beatyville 
William L. Stephenson, E. __ Union 

MICIDGAN ENVIRONMENTAL 
HEALTH AssOCIATION 

Past Pres., }ames Shifflet _Grand Rapids 
P·res ., Raymond Jurczyk __ _ East Tawas 
P-res.-Elect, Philip Kirkwood Battle Creek 
Secretary, James Szyda, Ottawa County 

Health Dept., County Bldg., Grand 
Haven, Mich. 49417 

Treasurer, Michael Vanden Heuvel --- ­
--------------------- Muskegon 

Bom·d of Directors: 
Charles R. Newell _______ Durand 
James P. Robertson __ Grand Blanc 
Oscar B. Boyea ----------Pontiac 
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K. Durwood Zank _____ _ Charlotte 
Michael D. Farnsworth ___ Monroe 
Thomas Nagel _____________ Ionia 

MINNESOTA SANITARIANS AssociATION 
Pres. , James H. Francis ______ St. Paul 
Vice-Pres., Edmund A. Zottola -------­

------------------- Minneapolis 
Sec'y.-Treas., Vern Packard, Food Sc. & 

Indust. , Univ. Minn., St. Paul, Minn. 
55101 

Directors: 
Roy E . Ginn ____________ St. Paul 
Ing. H. Lein ________ Minneapolis 
Hugh Munns ____________ St. Paul 
Donald J. Pusch ______ Minneapolis 
James A. Rollo££ ______ New Ulm 
Charles B. Schneider _Minneapolis 
Edmund A. Zottola ___ ___ St. Paul 
Leonard C. Sinton ____ Minneapolis 
Richard J . Stucky __ ___ Minneapolis 
Leonard J. Waldock ____ __ St. Paul 

MISSISSIPPI ASSOCIATION OF SANITARIANS 
Sec'y-T1·eas., Jimmy W. Bray, 202 N. 

Robinson St., Senatofia, Miss. 38668 
(No Up-To-Date List Available) 

MissouRI AssociATION OF MILK 
AND FoOD SANITARIANS 

Pres., Harold Bengsch _____ Springfield 
First Vice-Pres., Gerald Burns -------­

------------- ----- -- Kansas City 
Second Vice-Pres., Mike Sanford ___ _ 

---------------------- Columbia 
Sec' y.-Treas., Ervin P. Gadd, Bureau of 

Milk, Food and Drug Control Mo. 
Div. of Health, Jefferson City 65101 

NEw YoRK AssociATION OF MILK AND 
FooD SANITARIANS 

Pres., David K. Bandler ________ Ithaca 
Pres.-Elect, John G. Burke __ Watertown 
Past Pres. , Charles G. Ashe _Fayetteville 
Sec'y. -Treas., R. P. March, 118 Stocking 

Hall, Cornell Univ., Ithaca, N. Y. 
Executive Board : 

Maurice Guerrette ________ Albany 
Donald Brownell ____ Harpursville 
William Y. Perez ________ Albany 

ONTARIO AssociATION OF MILK AND 
FooD SANITARIANS 

Past Pres. , D. J . Varnell ______ Kitchner 
Pres., Bill Harley ______________ Harley 
Vice-Pres., Bill Kempa --------Toronto 
Sec'y ., Geo . Hazelwood, Borough of Eto-

bicoke Health Dept. , 550 Burnham­
thorpe Rd., Etobicoke, Ontario 416/ 
626-4161 

AssociA noN AFFAIRS 

Treas., Bob Tiffin, J. M. Schneider Ltd., 
321 Courtland Ave., Kitchner, On­
tatio 

Directors: 
M. A. (Vic) Amer ________ Guelph 
Cyrel Duitschaever __ ______ Guelph 
Stephen Louis __________ Kitchner 
Les Latchford ___ _________ Guelph 
John Wilson ________ ____ Simcoe 

ONTARIO MILK AND FooD SANITARIANS 
EASTERN BRANCH 

Pres., Euclid Brasseur ______ Plantagenet 
Secretary, Marvin B eac h , Box 114, 

Kemptville, Ontario 

OREGON AssociATION oF MILK AND 
FooD SANITARIANS 

Pres., Loren Edlund ____ ________ Salem 
Vice-Pres., Glenn Briody ______ Portland 
Sec'y.-Treas., Floyd Bodyfelt, Wiegand 

Hall 240, Dept. of Food Science, 
Oregon State Univ. , Corvallis, Ore­
gon 97331 

Directors: 
Virgil N. Simmons _________ Salem 
Terry Sutton __________ Milwaukee 
Jim EyrE: ________________ Eugene 
Gabe LeChevallier ___ Lake Oswego 

Auditors: 
Rod Johnson ____________ Portland 
Robert Vogel--------------Talent 

PENNSYLVANIA DAIRY SANITARIANS 
AssociATION 

Pres.-Elect, John Boore ______ Grantville 
Pres., Bernard Hinish --------Curryville 
Vice-Pres., George Mansell ----------

-------- ---------- Conneaut Lake 
Past Pres., John Heid __________ Erie 

______ R. R. 2, Latrobe, Pa. 15650 
Association Advisers: Stephen Spencer, 

Sidney Barnard, Samuel Guss, 
George H. Watrous, George W. 
Fouse 

Executive Committee: Association Offi­
cers and appointed representatives 
of regional associations. 

ROCKY MOUNTAIN AsSOCIATION OF MILK 
FOOD AND ENVIRONMENTAL SANITARIANS 

Pres., John Nussbaumer ______ Denver 
Pres.-Elect, Darrell Deane __ ____ ___ _ 

__________________ Laramie, Wyo. 
Sec'y.-Treas., Frank Yatckoske, 3150 

West 25th Avenue, Denver, Colo­
rado 80211 

Directors: 
Helen Hovers ____________ Aurora 
Carl Yeager __________ Longmont 

RHODE IsLAND DAIRY AND FooD 
SANITARIANS 

Pres., Richard Chambers ____ Providence 
Sec'y. , Maury Dunbar, Foster, R.I. 02825 
Treas., Vincent Mattera, R. I. Dept. of 

Health, 2843 South County T•ra1l, 
East Greenwich, R. I. 02818 

SouTH DAKOTA AssociATION 
OF SANITARIANS 

Pres., Robert Wenners ____ Rapid City 
Vice-Pres., Ed Michalewicz __ Brookings 
Sec'y.-Treas., I:Ioward Hutchings, Div. 

San. Eng. State Dept. Health, Pierre, 
S.D. 57501 

Directors: 
Wayne Balsma ___ _______ Mitchell 
Casper Twiss __________ Pine Ridge 

VIRGINIA AssociATION oF SANITARIANS 
AND DAIRY FIELDMAN 

Pres., J. 0. Gunter __________ Evington 
First Vice-Pres., J. C. Bussey---------­
Second Vice-Pres., M. R. Cooper --- -

--- ----- -- --- - - ----- ~ Broadway 
Past Pres., V. M. Yeary ________ Marion 
International Rep ., J . G. Hampton ----

-- ----- ------ __ --- - - __ --- Galax 
Sec'y-Treas., W. H. Gill, 6702 Van Bur­

en Ave., Richmond, Va. 23226 

WASHINGTON AssociATION OF 
MILK SANITARIANS 

Pres ., James L. Shoemake ______ Seattle 
Pres.-Elect, Fred Froese --------------
Past Pres., Jack Salvadalena ____ Everett 
Sec'y.-Treas., Dr. L. 0. Luedecke ___ _ 

----------------------- Pullman 
Directo·rs: 

Southwest Section Chairman 
Martin J. Schnuriger __ Olympia 

Northwest Section Chairman 
William H. Brewer ______ Seattle 

Southeast Section Chairman 
Joe Suiter _____________ Yakima 

Northeast Section Chairman 

WISCONSIN AssOCIATION OF MILK AND 
FooD SANITARIANS 

Pres., Ward K. Peterson ____ Milwaukee 
Pres.-Elect, Elmer H. Marth ___ Madison 
1st Vice-Pres., Clifford Mack ---------

_____ ___ ___________ Prairie du Sac 

2nd Vice-Pres., Leonard E. Rudie -----
- _______ ________________ Appleton 

Sec. -Treas., L. Wayne Brown __ Madison 
Assoc. address: 4702 University Ave. 
53705, Home address: 4110 Chero­
kee Dr. 53711 

Past Pres., John G. Collier ___ Waukesha 

Directors : 
Elmer H. Marth ________ Madison 
Clifford Mack ______ Prairie du Sac 

WAACK ELECTED BEMA PRESIDENT 

Mr. Ervin V. Waack, Vice President, Baker Per­

kins Inc. , Saginaw, Michigan, was unanimously elect­

ed President of the Bakery Equipment Manufact­

urers Association at the Annual Convention held at 

the Southhampton Princess Hotel, Bermuda, June 

16-23, 1974. He succeeds Frank M. Irving, Jr ., Presi­

dent, Alto Corporation, York, Pennsylvania, who com­

pleted two ( 2) outstanding terms as the Association's 

chief executive. Mr. Waack has long been active in 

the Association's affairs, serving on many of its im­

portant committees, and as Chairman of the Asso-

ciation's Baking Industry Sanitation Standards Com­

mittee. In the latter capacity, he has been largely 

responsible for the periodic review and revisement 

of sanitation standards keeping them up-to-date in 

accordance with industry progress. He is a mem­

ber of the Association's Board of Directors and for 

the past two ( 2) years served as Vice President 

assisting in the coordination and direction of the 

Association's activities and services of practical value. 

Other Officers unanimously elected were: 

First Vice President, W. E. Lanham, President, 

Lanham Machinery Company, Atlanta, Georgia. 
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Second Vice President, Edwin H. Leedy, President, 
Glaco Group, Ekco Products, Inc., Chicago, Illinois. 

Raymond J. Walter continues to serve as the Asso­
ciation's Secretary-Treasurer and Counsel with Exe­
cutive Offices being maintained in New York City. 

Members of the Board were elected as follows: 
Director, Thomas E. Belshaw, President, Belshaw 
Bros., Inc., Seattle, Washington. 
Director, Glenn R. Grissinger, Vice President, Tel­
edyne Readco, York, Pennsylvania. 
Director, John Kirk, Director of International Oper­
ations, AMF Incorporated, Richmond, Virginia. 

Other members of the Board whose terms con­
tinue on are: 

Maynard R. Euverard, Vice President, Velten & 

Pulver, Inc., Chicago Ridge, Illinois. 

Frank M. Irving, Jr., President, Alto Corporation, 
York, Pennsylvania. 

E. Thomas Oakes, President, Oakes Machine Cor­
poration, Islip, New York. 

Quentin R. Russeth, Manager-Equipment Sales, 
Agri-Products Division, The Pillsbmy Company, 
Minneapolis, Minnesota. 

FOOD FORUM TO FOCUS ON 
PROCESSING COSTS AND WASTE CONTROL 

Controlling food processing costs will be the theme 
of the sixth Food Engineering Forum Oct. 24, 1974, 
at Dallas. 

Robert P. Graham, selected as recipient of the 1974 
I Food Engineering Award, will deliver the award ad­

dress, "Process Modification to Avoid Pollution." 
Graham is research leader in food engineering appli­
cations for the U. S. Department of Agriculture's­
Western Regional Research Laboratory. 

Dr. George E. P. Box, R. A. Fisher professor of 
statistics at the University of Wisconsin, will speak on 
cost control in the food industry. William P. Egar, 
group leader of instrumentation and computer appli­
cations of the Pillsbury Co., will deal with computer­
assisted process control and the development of pro­
cess control strategies. 

The Forum is conducted biennially for the bene­
fit of food processors attending Food and Dairy Expo, 
scheduled for Oct. 20-24. Time of the presentation 
is !} to 11 a.m., Thmsday, Oct. 24, at the Dallas Con­
vention Hall. There is no registration fee. The 
Forum is sponsored by Dairy and Food Industries 

Supply Association and the American Society of Agri­

cultural Engineers. 

T ANA CO PRODUCTS OFFERS A 
COMPLETE SANITARY VALVE SERVICE 

MODERNIZE your valves with 
approved TANACQ PLASTIC PLUGS 

to be better than new and LEAKPROOF 

HARDCHROME PLATE old nickel alloy tank and line valves 
for product protection. 

TANACO PLASTIC CLOSURES with stainless steel threads 
for 2" lines and valve ports. 

NEW TANACO PLASTIC PLUG SANITARY VALVES with 
#316 stainless steel bodies in all sizes & 

FREE WHEELING TIE NUT permits 
hand turning under pressure, with · 
out unseating the plug, WITHOUT 
LEAKAGE and without touching the 
Tie Nut. 

TANAC·O PRODUCTS 
2825 Benedict St. Los Angeles, Cal. 90039 
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Babson Bros., Co . ........... -................ __________ __ Back Cover 

Difco Laboratories .................. _ .. ___ Inside Front Cover 

Klenzade Products Division 
Economics Laboratory ........................ ---..................... I 

National Sanitation Foundation ................................. .450 

The Haynes Mfg. Co . ..................... Inside Back Cover 

Tanaco Products ......... _ ............ -... -.......... __ ................... 449 
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FOR SALE 

Single Service milk sample tubes. For further in­
formation and a catalogue please write, Dairy Technology 
Inc., P. 0. Box 101, Eugene, Oregon 97401. 
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No one knows 

vvhen he's coming 

Public health officials who work 

with NSF as trustees, consultants or 

committee members are well aware 

that the awarding of the NSF seal to a 

manufacturer is only the beginning. 

Permission to place the seal on a prod­

uct is granted only after it has passed 

evaluation tests confirming that the 

product does equal or exceed the re­

quirements of an NSF standard. 

The manufacturer's right to con-

National Sanitation Foundation-an 
independent non profit, non govern­
mental organization dedicated to en­
vironmental quality. NSF Building, 
Ann Arbor, Mich. 48105. (313) 769-8010. 

tinue placing this seal on his product 

must be continuously em-ned. 

A member of the NSF field staff ap­

pears at the factory, and no one knows 

when he's coming. He chooses samples 

of the product at random-for on-the­

spot examination, or for testing in the 

NSF laboratory at Ann Arbor. The 

product must demonstrate that it con­

tinues to qualify for the NSF seal 

through adherence to its standard. 

Government officials and professional workers con­
cerned with public health and environmental quality 
are invited to write for the NSF Publications List. It 
is free. It lists all NSF standards and criteria as well 
as listings, reports and NSF literature. 

, , 
;. 
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·;: ~ 11@YIRPS ~~{ -;. ·:_./' __ /_//. Pl7~' 
U.S. P. LIQUID PETROLATUM SPRAY 

U.S.P. UHITID STATES PHARMACIUTICIL STAHDARDS 
CONTAINS NO ANIMAL OR VEGETABLE FATS. ABSOLUTELY 
NEUTRAL. WILL NOT TURN RANCID- CONTAMINATE OR 
TAINT WHEN IN CONTACT WITH FOOD PRODUCTS. 

OD"ORLESS -TASTELESS 

NON-TOXIC . 

Tki6 fiKe 
m~t-eme 
HAYNES-SPRAY 
Gkeu£d be MM ~ ~: 
SANITARY VAL YES 
HOMOGENIZER PISTONS - RINGS 
SANITARY SEALS & PARTS 
CAPPER SLIDEf & PARTS 
POSITIVE PUMP PARIS 
GLASS & PAPER FILL ING 
MACHINE PARTS 
and for A ll OTHER SANITARY 
MACHINE PARTS which ore 
cleaned doily. 

Tke Jffedelm HAYNES-SPRAY Jffe&M ~ .C~ 
C~lVIMl3 HC1& flee Jffltk O'U~Uuutce ruuL CIJde 
R~ by flee U. S. 'PKb& Heaftlt Sewice 

The Haynes -Spray eliminates the danger of conlamination which is 
possible by old f"shioned lubricating methods. Spreading lubricants 
by the us e of the finger method may entirely destroy previous 
bactericidal treatment of eq uipment. 

PACKED 6-12 oz. CANS PER CARTON SH IPPING WEIGHT- ? LBS. 

ITHE HAYNES MANUFACTURING COMPANY 
4180 LORAIN AVENUE . : CLEV.ELAND, OHIO. 44113. 

Gasket Color ••• 
slightly off· white 

*MADE FROM 

TEFLON® 
" Tfce Sop~~fed GMkU, 
THE IDEAL UNION SEAL FOR 

BOTH VACUUM AND 
PRESSURE LINES 

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

FOR A ,FiniNG GASKET THAT WILL OUT-PERFORM ALL OTHERS ... 

Sp~y ..• HAYNES SNAP-liTES of TEFLON 
e TfFLON ACCEPTED SAFE FOR USE ON FOOD & PROCESSING 

EQUIPMENT 8Y U. S. FOOD AND DRUG ADM/N/STUT/ON 

• Gaskots made of DuPont TEFLON <ll HE-FLUOROCARBON RESINS 

TH E HAYNES MANUFACTURING COMPANY 
4180 LORAIN AVENUE • CLEVELAND, OHIO 44113 

DESIGNED TO 

SNAP INTO 

FITTINGS 

LEAK-PREVENTING 
NEOPRENE GASKET for Sanitary Fittings 

tJkd t4e4e $NA"P!fl'l'E rteU.taaeu;u 
Tight joints, no leaks, no shrinkage 

Sanitary, unaffected by heat or fats 

Non-porous, no seams or crevices 

Odorless, polished surfaces, easily cleaned 

Withstand sterilization 

Time-saving, easy to assemble 
Self-centering 
No sticking to fittings 

Eliminate line blocks 
Help overcome line vibrations 

Long life, use over and over 

Ay-ailoble for J", 1Y2n, 211
, 2Y.t" and 3" fittings. 

Packed 100 to the box. Order through your dairy supply house. 

THE HAYN.ES MANUFACTURING CO .. 
4180 Lorain Avenu.e • Cleveland 13, qhio 

bolh 
SPRAY AND TUBE 

All Lubri- Film ingredients are 

approved additives and can be 

safely utiiized as a lubricant for 

food processing equipment when 

used in compliance with existing 

food additive regulations. 

ESPECIAllY DEVELOPED FOR LUBRICATION OF FOOD 

PROCESSING AND PACKAGING EQUIPMENT 

for Use in Dairies- Ice Cream Plants- Breweries­

Beverage Pla nts- Bakeries- Canneries- Packing Plants 

SANITARY • NON TOXIC • ODORLESS • TASTELESS 
SPRAY- PACKED 6-16 OZ. CANS PER CARTON 
TUBES- PACKED 12- 4 OZ. TUBES PER CARTON 

THE HAYNES MANUFACTURING CO. 
CLEVELAND . OHIO 44113 



Dairy authorities speak out on better cow milking 

Dr. Robert D. Appleman 
Professor of Animal Science 
University of Minnesota 

Automatic take-off 
milking units: 

They can save and protect. 
There are two primary reasons why an investm ent in more 
mechan ized mi lking is being considered by many 
dairymen. One is to reduce labor. The other is to improve 
udder health and maintain produ ction of high quality mi lk. 

LABOR TAKES A BIG BITE 
Labor accounts for 15 to 30 percent of all costs in a dairy 
operation. About 55 percent of this labor is expended in 
the milki ng operation. In general, the total labor cost to 
produce 100 pounds of milk in a herd averaging 12,000 
pounds per cow annually when labor* is valued at $3.00 
per hour approaches $2.50 per cwt. in 30-cow herds; 
$2 .1 0 in 50-cow herds; $1 .68 in 1 00-cow herds; $1.13 in 
250-cow herds; and $.91 in 500-cow herds**. 

With an investment to modernize mi lking parlors, including 
unit take-off , it is not unusual to substantially lower the 
labor costs of prod ucing milk. 

Many of the milking chores are repetiti ous and resu lt in 
drudgery. According to our stud ies, 5 to 10 percent of the 
milker's chore time is spent removing the milking un it. 
On top of that, the typ ical mi lke r spends from 12 to 30 
percent of his time machine-stripping cows. 

THE OPERATOR IS A BUSY MAN 
Proper st imulat ion of cows in a milking parlor is important 
to good milk letdown. Recent New Zealand work shows 
there is a loss of up to 1,000 pounds of milk per cow yearly 
when cows are not properly st imulated. In many barns the 
mi lker cannot effectively handle as many milki ng units as 
today's economy demands. Frequently, washing and 
stimul ation time is limited to less than 15 seconds per cow 
because the milker is too "busy" with machine stripping 
or handling other units. The resu lt is slow milking combined 
with cons iderab le overmilking . Automatic unit take-off 
should improve this si tuation. Add ition of automated prep 
stall s wi ll help even more, provided they funct ion properly. 

SOME RESEARCH RESULTS 
Research stud ies compari ng automatic take-off and 
convent ional milking units involving 550 cows in a 
Louisiana herd resulted in these conclusions : 
1. Automatic unit take-off sign ificantly reduced the number 

of quarters infected with mastitis. 
2. Automatic unit take-off reduced udder irritation as 

evidenced by lower CMT scores. 
3. The men operating the au tomatic take-off units reduced 

their walking distance in the parlor by more th an 25%. 

Dr. Nelson Phil pot, leader of thi s study, says one shou ld 
not expect miracles. Automatic take-off units do not 
make a poor operator better. They do, however, allow a 
conscientious operator to do an even better job on 
more cows. 

According to dairymen using this equipment, proper 
maintenance and proper operation of equipment is even 
more important with non-automated systems. The ability, 
cooperative attitude and location of your local serviceman 
should become a primary factor in deciding whether to 
install this more sophisticated and expensive equ ipment. 

MASTITIS PREVENTION NOT SIMPLE 
Dairymen should not necessarily expect a reduction in the 
number of cows requiring treatment for clinical mastitis 
(gargot). In a marginal system, more cases may resu lt 
because the sign ifi cance of a single variable is not the 
same in every milking system or in every situatiQn. 

Frank Sm ith, Cal ifornia milking system special ist, illustrates 
this point well. He indicates that too many researchers 
and educato rs have attempted to over-s implify the cause 
of mastitis. In turn , they have over-simp lif ied its prevention. 
The concept of a direct, independent relationship shown 
in Figure 1 is incorrect. Figure 2 arranges th ese same 
variab les in a manner wh ich is sequentia l, addi tive, 
and interdependent. 
Figure 1 

High vacuum~ ';!?,~1ed Pinc~ed mU~Easy milkers 
Large bore liners~ine\ )ube~small bore milk tubes 

Inadequate mHkHne s~ MASTITIS~quate vacuum supply 

Too much milkline lift~ FloOded ~ Undersized milkline 
Wide milk rest ratio--;;ts':r~~~ teatcups mf~klng Fluctualing vacuum 

Figure 2 

High vacuum 

' FAST 1\ 
MILKING V 

' Easy milkers 

As mentioned earlier, install ing automatic un it take-off 
may allow one to mi lk cows faste r and reduce overmilking . 
However, if such a change resulted in flooded milk lines 
and fluctuating vacuum, the incidence of mastiti s might 
increase rather than decrease. Provid ing all other 
deficiencies in the system were corrected, automatic 
take-off wou ld prove high ly beneficial. 

AUTOMATIC TAKE-OFFS A COMMON SIGHT? 
Where cost of this mechanization is not excess ive and 
such installations prove to be reasonab ly trouble-free over 
time, I'm sure that automatic take-off units wi ll become an 
increasi ngly more common sight on dairy fa rms. 

• For our purposes, the labor f igures inc lude al l dairy chore labor, 
feed ing labor, and the raising of offspring . Field labor isn't inc luded . 

••Jn 250-cow and 500-cow herds, we assume the existence of a parlor 
and a f ree-stal l barn with mechanized feedi ng and waste hand ling. 

Babson Bros. Co., 2100 S. York Rd., Oak Brook, Illinois 60521 

Thi s is one of a series of topics developed by noted Dairy authorities. Fo r a complete set write for a f ree bookl et. 

; 

' 


