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There's a story in that half-shot pot you're looking at. 

A food processor we know had just about given up on 
his aluminum bean pots. Accumulated food stains 
were uncleanable. Or so he thought until a Pennwalt 
representative showed him what Pennwal·( pot 
cleaners could do. A quick soak and rinse did the job. 

Do you have a cleaning problem with plant utensils 
and equipment? Chances are Pennwalt has a 
cleaning process to solve your problem immediately. 
And if we don't, your Pennwalt representative will put 
our chemical research staff to work until we do have 
the solution. And no halfway measures about it. 

Contact us now. You have nothing to lose but 
your stains. 

Dairy and Food Dept., Pennwalt Corporation 
Three Parkway, Philadelphia, Pa. 19102 

~fiiE~MLT 
CLEANERS & SANITIZER$ 
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The ANALYTAB SYSTEM for 
ENTEROBACTERIACEAE 

in less than a minute, 20 * biochemical tests are 
performed, simply . . . conveniently ... 
economically!! Identification may be obtained 
within 18-24 hours or in as little as 3-6 hours using 
a dense suspension . Reactions are clear-cut 
and easy-to-read. 

Stable at room temperature , the ANALYTAB 
SYSTEM is always ready to use, and eliminates 

the need for much prepared media, refrigeration 

and storage space. Five individual organisms may 

be identified on each plate. 

·Nitrate redu cti on test is also inc luded . 

TESTS PERFORMED 

1 ONPG 
2 Arginine 
3 Lysine 
4 Ornithine 
5 Citrate 
6 H2S 
7 Urease 
8 Tryptophane 
9 Indole 

10 Acetoin (VP) 

11 Gelatin 
12 Glucose 
13 Mannitol 
14 Inositol 
15 Sorbitol 
16 Rhamnose 
17 Saccharose 
18 Melibiose 
19 Amygdaline 
20 Arabinose 

We invite you ~o request complete information on the Analytab System. 

API 
ANALYTAB PRODUCTS INC. 

ANALYTAB PRODUCTS, Inc. 
Seven West Fifty-Seventh St. 

New York, N.Y. 10019 
(212) 755-8795 
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NOTICE TO AUTHORS AND READERS 

An Expanded Journal 

An Enlarged Editorial Board 

The founders of the Journal of MUk and Food Technology (Volume 1, No. 1, page 4) believed that read­

ers of the journal should be familiar with animal husbandry, bacteriology, chemistry, physics, mechani­

cal and electrical engineering, transportation, advertising, public relations, regulatory interpretation, and 

technology as these disciplines apply to the food and dairy industry. It was their intent that th~ .Journal 

would provide information in all these areas. 

In the past this ]ottrna.l has been most concerned with the public health aspects of dairy products and 

other foods. \iVe intend to continue and expand our efforts in this area. However, in keeping with the 

mandate of the founders, the needs of our readers, and the needs of research workers, we will , effective 

immediately, consider for publication papers in all areas of food and dairy science and technology. Examples 

of topics which are appropriate include: 

" Food, dairy, and environmental sanitation and hygiene 

• Foodborne disease hazards (microbiological, chemical, etc.) 

G Food and dairy microbiology, including methodology 

~ Food and dairy chemistry, including methodology 

13 Food a_nd dairy engineering 

• Food and dairy technology (processing, packaging, etc.) 

e Food additives (intentional and unintentional additives) 

• Food service and food administration 

• Food and dairy fermentation s 

Cit Waste disposa I and pollution 

o Quality control and assurance in the dairy and food industry 

o Food and dairy regulatory programs 

e Agricultural sciences (animal, dairy, and poultry sc :ence; entomology; agronomy; horticulture; soil science; 

etc.) as they relate to food production, quality, safety, and processing. 

The Executive Bocud of IAMFES authorized expansion of the Editoria l Board so that papers in all 

areas of food and dairy science and technology can be evaluated promptly. The Editorial Board now in­

cludes approximately 40 bacteriologists, chemists, sanitm:ians, and technologists from industrial, university, 

and government laboratories. These scientists are familial' with a wide array of foods such as dairy prod­

ucts, mea ts and meat products, poultry and poulh·y products, fish and other seafoods , fruits , vegetables, 

cereals, fermented products, food ingredients, confectionery products, etc. 

Institution of a page charge ( $25.00 per printed page ) in 1969 has permitted expansion of the ]oumal 

so that acceptable research papers can be published within six months (or less ) after submission. 

H.esearch workers .in all areas of food and dairy science and technology are in vi ted to submit research 

and review papers. They will be handl ed promptly and, if acceptable, will be published with dispatch. 

~vfembership in IA~1lFES is not necessary for publishing papers in the ]oumal of Ill ilk and Food Technology. 

l nterrs ted authors . can obtain "Instructions to Contributors" from the Editor. 

E. H. MARTH 

Editor 
Journal of Milk and Food Technology 

Department of Food Science 

University of '~' isconsin 

Madison , Wisconsin 53706 
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TECHNOLOGY AND THE WORLD FOOD PROBLEM: CHALLENGES 
WITH INDIGENOUS FERMENTED FOODS' 

E. H. MARTH 

Department of Food Science and Th e Food Research Institute 
University of ·wisconsin 

Madison , Wisconsin 53706 

( Received for publication July 3, 1970 ) 

ABSTHACT 

Microorganisms can contribute to the world's food supply 
if used to modify presently unacceptable raw materials so they 
become palatable; to convert wastes or other inedible materials 
to edible proteins, fats , and carbohydrates; and to preserve 
food s for later consumption. Challenges in the use of 
microorganisms for these purposes include : use of available 
native raw materials, selection of microorganisms, furth er 
processing of fermented foods or of microbial proteins, po­
tential public health hazards, acceptance of new foods by 
undernourished persons, and cost of production and distri­
bution as related to the abi lity of potential consumers to 
purchase th e needed nutrients. 

Through the ages, man has utilized microorgan­
isms to manufacture many foods such as cheeses, 
cultured milks, bread, alcoholic beverages, vinegar, 
cocoa, and other products (1). Although the role of 
microorganisms in food fermentations was not recog­
nized until late in the nineteenth century, processes 
for production of these foods were developed em­
pid9ally. Discovery of microorganisms and of meth­
ods to cultivate them has led man to a greater, al­
though still incomplete, understanding of fermenta­
tion' processes which yield certain de~ired food prod-
ucts. 

Use of microorganisms to assist in meeting present 
and future demands on the world's food supply has 
been suggested by numerous research wqrkers and 
others who have been concerned with p1:oblems of 
malnuh·ition (9). It i~ generally conceded that micro­
organisms can conh·ibute to the world's food "bank" 
in several 'different ~:vays. First, they can be used . 
to modify flavor, texture, and appearance of presently 
unacceptable materials so that such products cail be 
included in the food supply. Second, microorganisms 
might find application in converting waste materials 
and other ir1,edible substrates into edible proteins, 
fats, and carbohydrates. Finally, certain microbial 
processes could help to preserve for later consump­
tion some highly perishable foods which are pro­
duced seasonally. 

Successful and widespread application of fer­
mentation processes to aid in meeting present and 

'Presented at the Sixty-second Annual Meeting of the Ameri­
can Institute of Chemical Engineers, Washington, D . C., No­
vember 16-20, 1969. 

impending world-wide food shortages offers a num­
ber of challenges, some of which will be explored 
in the following discussion. Specifically, the chal­
lenges which will be considered are: (a) availability 
of native materials, (b) selection of microorganisms, 
(c) further processing of fermented foods or micro­
bial proteins, (d) potential public health problems, 
(e) acceptance of fermented foods or products de­
rived from fermentations by persons most in need 
of dietary supplements, and (f) cost of production ' 
and ability of potential consumers to pmchase foods 
derived from fermentations. 

AVAILABILITY OF NATIVE l\IIATERIALS 

Many of us who are concerned with food fer­
mentations are too parochial in our approach to the 
problem. Vve have spent too much time dealing with 
fermentations which use rather conventional sub­
sh·ates such as milk or grains and hence we attempt 
to use these processes in areas where they may be 
unsuitable because entirely different raw materials 
are available. 

Before the fern1entologist can make significant 
contributions to feeding the world's undernourished 
populations, he must become familiar with the ma­
terials available which can serve as substrates for 
fermentations in a given re.gion suffering from a de­
pressed food supply. H e must be familiar with 
native crops which are high in carbohydrate content 
and hence might be candidates for nutritive upgrad­
ing through fermentation. He also must give con­
sideration to waste materials which contain nuh·ients 
that presently are unavailable to the area's popula­
tion. Can some of these wastes be upgraded into 
edible products through fermentation? If not, can 
some of the wastes serve as subsh·ates for the pro­
duction of microorganisms which can be harvested 
and converted into edible products? Can crops able 
to fmnish substrates for fermentations but presently 
not indigenous to a food-deficient area be intro­
duced and successfully cultivated? What about in­
digenous plants presently considered as weeds? Can 
they be cultivated and can fermentable substrates 
be recovered from their leaves, stems, roots, or seeds? 

It is apparent from the preceding questions that 
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to maximize his impact the expert in food fermenta­

tion must deal with a variety of problems outside of 

his field. Cooperation between agronomists, horti­

culturists, soil scientists, and experts in fermenta­

tion is necessary if maximum use is to be made of 

materials indigenous to a particular area where the 

population suffers from a lack of adequate and proper 

nutrients . 

SELECTION OF MICROORGANISMS 

The choice of a microorganism for use in a food 

fermentation is governed by ability of the micro­

organism to: (a) utilize the available substrate and 

(b) efficiently produce the desired change in or yield 

from a given substrate. Depending on conditions, 

the microorganism might be selected from among 

the molds. yeasts, or bacteria, since all types are em­

nloyed either singly or in combination in certain 

food fermentations. 

Unfortunately, selection of a microorganism to do 

a particular fermentation job is not as simple as might 

be suggested by the previous comments . Consider­

ation must be given to the following before a de­

cision is made. 

(a) Frequently a desired change can be accomp­

lished by more than one species in a given genus or 

by s-pecies in several genera. Comparisons must then 

he made to determine which particular species will 

do the desired job best under the set of environ­

mental conditions which exist. 

(b) A variety of sh·ains of a given species may 

exist ; some may be more suitable than others for use 

in a given fermentation. Again, comparative sh1dies 

must be conducted to determine the most desirable 

strain for use under a given set of conditions. 

(c) Microorganisms are biological entities which 

are subject to variation (2). Since this tendency does 

not appear to be uniform, it may be possible to select 

"stable" strains and thus be reasonably assured of 

de-pendable -performance by the microorganism. Con­

sideration also must be given to the possibility of 

genetic manipulation to develop sh·ains of micro­

organisms which produce a desired end product, are 

efficient, or can utilize a particular subsh·ate. 

( cl) Certain bacteria are subject to infections by 

bacteriophages. ·when this happens, a given culhue 

invariably loses its ability to function and the fer­

mentation is not completed (12). Selection of bac­

teriophage-resistant species or strains, if possible, or 

a creation of environmental conditions which minimize 

this hazard must be considered if this problem be­

comes apparent (12, 16). 

(e) Modification of the subsh·ate may permit use 

of different microorganisms. It is possible that ad-

justing the pH, changing the degree of aeration, add­

ing nuh·ients, or varying the heat h·eatment given 

may make the medium suitable for growth of a va­

riety qf. microorganisms (11). Consequently, treat­

ment of the subsh·ate will, in part, govern the choice 

of the microorganism to carry out a given f8l·menta­

tion. 
Although other factors may be of concern in cer­

tain fermentations, those which have been cited suf­

fice to demonstrate the challenges associated with 

selection of the proper organism to do a given job. 

FURTHER PROCESSING OF FERMENTED FooDs OR 

MICROBIAL PROTEINS 

When food fermentations are discussed, we are 

generally concerned with two approa~h~s. In the 

first, a microorganism is introduced into· a substrate 

principally to bring about a desired change. Acid 

production in cultured dairy products is an example 

of this approach . The second procedure is that of 

inh·oducing a microorganism into a subsh·ate, allow­

ing it to grow, harvesting the organism, and using 

it as a source :of nuh·ients. Products obtained from 

the use of eith'er procedme may benefit from further 

processing. It is conceivable that a more palatable 

product with desired characteristics may be obtained 

if the fermented material is subjected to heating, 

drying, freezing, concenh·ation, a second fermenta­

tion, or another process. Both the initial subsh·ate 

and changes brought about by the microorganisms 

will govern whether or not further processing is 

possible and the kind of technology which may prove 

useful. 

Further processing is of greater significance when 

one is concerned with finding food applications for 

proteins produced by algae, molds, yeasts, or bac­

teria. For purposes of this discussion, we will con­

sider that suitable methods exist for harvesting micro­

organisms from their subsh·ate, usually a liquid, and 

this is not to be thought of as further processing. 

We are told that dried prep arations of algae such 

as Chlomlla vulgaris and Sceneclesmus obliquus con­

tain approximately 40% crude protein (1). In con­

h·ast ·to this, yeasts such as Candida utilis and Sac­

charomyces cerevisiae, when dried, contain approxi­

mately 50 to 60% protein (1, 4, 8). The protein con­

tent of bacteria, on the basis of dry weight, will often 

be higher, ranging from 63% for Bacillus su.bt'ilis to 

87% for Lactobac-illus fennentans (1). Dried prepar­

ations of molds generally contain less protein, ranging 

from 19% for Aspergillus flavus to 38% for Penicill·ium 

notatwn (1). In addition to information on the total 

protein content of these microbial preparations, we 

have some information on amino acid composition, 

partic~larly for dried yeasts, and on biological value, 

again mainly for proteins derived from yeas t. Our 
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knowledge about the technology of handling these 
proteins is woefu lly inadequate. At this point sug­
gested uses for these materials are generally limited 
to supplementing other foods a t relatively low con­
centrations. 

In contrast to tbjs, a substantial body of knowl­
edge has and is continuing to accumulate on milk, 
meat, and certain plant proteins. This information 
makes possibl e the processing of these proteins into 
foods which differ from the raw material in odor, 
flavor, texture, and appearance. Similarly, an under­
standing of the nature of microbial proteins is need­
ed before they can be satisfactorily processed into 
foods which are palatable as well as nutritious-a 
condition which must precede the widespread use 
of these nutrients in the diet. 

PuBLIC H EAL TH PnoBLEMS 

Food produ cts of microbial origin or made with 
the aid of microorganisms must not only b e nu­
h·itious but also must be safe for consumption. The 
possibility of public health problems appears to b e 
associated with (a.) composition of the substrate used 
for the fermentation, (b) composition of the organisms 
being harves ted, and (c) contamination w ith known 
toxigenic microorganisms w hich can proliferate and 
elaborate toxins during the fermen tation process. 

As was p ointed out earlier in this discussion, if 
fermeri'tation processes are to contribute markedly 
to the supply of available nutrients, then use of sub­
stra tes·, indigenous to a deficient area but not now 
being employed as foods must be considered . Use 
of such media n eeds to b e evaluated 'ii-i the light of 
whether or not they contain substances which may 
be toxic to the consumer. 

The presence of poisonous substances in certain 
plants is well recognized . E xamples include : (a) the 
goitrogens such as the tbiocyanates, derivatives of 
2-thiooxazolid(me, 3-indOlylacetonitrile, and polysul ­
fides of the B-rassicae (cabbage and related plants) 
(1 4), (b) the estrogens genistein , genistin, and daid­
zein of soyb eans (13 ), (c) alkaloids in a large variety 
of plants (10), (d) the carcinogenic substances asso­
ciated with cycads (palm-like trees and their nuts) 
(10 ), (e) lathyrogens derived from certain peas and 
other plants in the genus Lathyrus ( 4), and (f ) many 
others too numerous to cite in this discussion. 

Organisms which are grovvn to supply nutrients also 
must be free of hazardous substances. It is necessary 
to demonstra te th :;t t potentially harmful compounds 
present in the medium at low levels are not con­
centrated by the microorganisms. This is of parti­
cular importance when sewage or other was te ma­
terials serve as the substrate. 

lt also is necessary that the microorganisms grown 
on a satisfactory substrate do not contain cellular 
components which are hazardous to health . Some 
inves tigators believe that the consumer of yeasts ! 

might experience h armful effects attributable to the 
high content of cellular purines (1) . 1t has been sug­
gested that the intake of an excessive amount of 
purines may cause a corresponding increase in the 
concentration of uric acid in the· blood. B)~, calcu­
la tion it can be determined that 15 to 20 g of dried 
yeas t would provide sufficien t purines to give the 
maximum safe concentration of uric acid in blood . 
Some experts are not willing to accept this value 
since an increase in purine consumption does not 
necessarily result in a corresp onding in crease in blood 
uric acid (1). The answers to ques tions about the 
hazards of excessive purine compounds in the diet 
must be supplied before these suspicions will be laid 
to res t. 

It also has been reported that yeas ts grown on 
certain substrates produced liver necrosis when fed 
to rats, but the same yeasts grown on other media 
were entirely satisbctory for use in the diet (1). 
Other reports in the literature h ave suggested toxi­
city with food supplements derived from algae and 
from fun gi such as Penicill·iurn and Asperg-illus species 
(1 ). 

Fin ally, it is necessary that the substrate under­
going ferm entation be protected from contamination 
by pathogenic microorganisms which can grow con­
currently with the b acteria, yeas ts, or molds respon­
sible for the desired food produ ct. It is well recog­
nized th at in certain dairy fermentations, contam­
ina tion of milk with staphylococci can be h azardous 
since these bacteria produ ce an enterotoxin which, if 
present, can cause illness in consumers (15). This 
toxin is rather hea t stable and once present in food 
can survive conditions which are detrimental to the 
organism responsible for its production. Staphy­
lococci are widespread in nature, especially in and 
on anim als and human beings. Consequently, con­
tamin ation of a food can easily occur unless proper 
precautions are exercised. 

Another group of organisms, the salmonellae, are 
ubiquitous and their presence on many substrates is 
not unusual. The more than 1300 species in the 
genus Salmonella are all believed to be pathogenic 
to man and most cause gastrointestinal disturbances 
(7) . Recent studies have sh own that tbese b acteria 
can prolifera te during the manufacture of ce1tain 
fermented foods and that they can survive for many 
months in the fermen ted product (3). 

Mycotoxins, which h ave not been studied intensely 
until the last eight or nine years, also can occur in 
fermented foods which are contaminated with cer-

, 
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tain molds. Molds in the genera Aspergillus, Pen-i­

cillium, Stachybotrys, Cladosporium, Fusarium, and 

others have been found able to produce toxic com­

pounds which more often than not are hepatocar­

cinogens (6). Molds are often used to produce cer­

tain fermented foods. It is obvious that they must 

be carefully selected so that toxigenic strains are not 

employed in the fermentation. 

From the foregoing discussion, it is evident that 

great care must be exercised before new fermented 

foods are consumed. It must be established that the 

subsh·ates and microorganisms employed are harm­

less and that toxigenic or other pathogenic micro­

organisms do not enter and grow in the subsh·ate 

during the fermentation process. 

AccEPTru'<CE OF Ew FooD PRODUCTS 

It is obvious that producing and stockpiling fer­

mented foods or microbial nuh·ients is useless unless 

they are consumed by·persons who are suffering from 

malnutrition. Introduction and acceptance of a new 

food may meet great resistance when persons have 

a low degree of literacy and a high degree of attach­

ment to native ancesh·al and cultural ways. Edu­

cation and aclveliising programs necessary to attain 

acceptance may be expensive added costs of pro­

duction. It may be necessary initially to develop 

foods which closely resemble native dishes, hence 

a sh1cly of dietary habits in a given area would be 

in order. Acceptance of the new foods by govern­

mental and other influential leaders in a community 

may aiel in their utilization by the rest of the popu­

lation . Although this is not an exhaustive h·eatment 

of this subject, it is one which cannot be ignored 

when development of new fermented foods is being 

considered . 
CosT oF PRODUCTION AND ABILITY TO PuRCHASE 

The per capita income of many persons in food­

deficient areas of the world is less than $200 per 

year and of many others it is below $1000 per year. 

This fact must be realized before plans are made to 

supply nutrients via the route of fermentation. The 

question that must be asked is: "Can foods be pro­

duced economically enough to permit their purchase 

by these persons and at the same time provide a 

profitable operation?" 
It is here where some of the real challenges can 

be found. The process must be made to operate as 

efficiently and ~conomically as possible. The sub­

strate must be cheap, the process simple, the micro-

organism efficient, the equipment inexpensive, and 

the finished product must be safe, nutritious, pala­

table, and inexpensive. Thought also must be given 

to waste disposal problems if large quantities of 

spent media result from fermentations used to pro­

duce microorganisms. Obviously, participation of 

governments in these programs may markedly alter 

the economic outlook. 
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ABSTRACT 

A culture medim11 and testing procedure were developed 
to detect and differentiate Salnw nella in pure culture study 
and for presumptive detection of Salmonella in dairy prod­
ucts. Most pure cultures of Salmonella were easily differ­
tiatecl from other members of th e Enterobacteriaceae group 
after 18 hr incubation at 37 C in a neutral red-lysine-iron­
cystine broth. Salm onella. changed neutral red in the medium 
from red to yellow and most strains turned the medium black 
through formation of a massive black precipitate . Species 
of Enterobacter, G-itrobacter, Proteus, Shigella, and Pseudomon­
as intensified the red color of th e medium and failed to 
blacken it . Species of Klebsiella and Escherichia usually 
changed the medium from red to yellow in 18 hr but none 
d@veloped a black precipitate. The few nonhydrogen sulfide 
producing strains ( no medium blackening) of salmonellae 
were differentiated from Escherichia and Klebsiella sp. by 
continued in cubation to a total of 42 hr follow ed by the 
use of a second indicator, br01~1 thymol blue. Only salmonellae 
gav@ an alkalin e reaction and converted the medium from 
yellow to green or blue. The meditml provided for rapid 
detecti,on of most salmonellae after 18 hr incubation, as 
characterized by medium blackenin g or color change from 
reel to yellow. Related enteric bacteria, other than Ar-izona 
s trains~ were readily differentiated. 

For dairy products a slight modification in p1edium formula 
and use of novobiocin and trypsin were , .required . Novo­
biocin selectively inhibits growth of most interfering spore 
form ers and gram-positive bacteria and also certain strains 
of Escherichia coli and Prot eus. Trypsin was used to digest 
casein added with the dairy product sample. A positive pre­
Slll11ptive tes t for SaLmonella in dairy products was indicated 
in the medium by a color change from reel to yellow and/ or 
production of a massive black precipitate of iron sulfide after 
24 hr incubatioQ. Absence of salmonellae was indicated by 
no color chang~· or no mediwn blackening. Results from 
testing several dairy products indicated that the procedure 
may be of value in the rapid screening of these foods for 
salmonellae. Although confirmation and serological identi­
fication are still essential, the t es t eliminates preenrichment 
and gives presumptive evidence of salmonellae contamination 
after 24 hr. 

Recent outbreaks of food poisoning have resulted 
in the intensive scrutiny of all food products for 
salmonellae by public health officials and have 
prompted food processors to reevaluate processing 
procedures and factors that affect product quality. 

Rapid and reliable means are urgently needed 
whereby contamination can be detected during proc­
essing and/ or in the finished product. A food proc­
essor, especially where a perishable product is con-

cer·ned, cannot afford to wait from 4 to 7 days for 
analyses. 

It is generally agreed that methods to detect 
and enumerate Salmonella. ar\-complex and time con­
suming. Recently, efforts to simplify these procedures 
have been reported ( 1, 8, 12 ). Many of the liquid 
media in current use vvere designed for isolating these 
organisms from feces and are b y nahue somewhat 
toxic to the bacteria. The liquid preenrichment med­
ium prescribed by North (10) is widely used but its 
use may be questioned as it tends to favor lactose fer­
menting types. 

Since most salmonellae decarboxylate lysine and 
produce hydrogen sulfide, it appeared that these 
biochemical characteristics could be utilized to de­
velop a rapid presumptive test. Several decm·boxy­
lase media have been proposed for differentiating 
members of the Enterobacteriacrwe group (2, 5) . Ed­
wards and Fife ( 4) proposed a lysine-iron agar for 
Arizona strains; however, it fail ed to distinguish be­
hveen shigellae and many sh·ains of Escher·ichia coli. 

The objectives of the present study were threefold: 
(a) to develop a culhu·e medium that could be used to 
differentiate Salmonella from other Entembacteri­
aceae and also from organisms that are commonly 
found in dairy products, (b) to adapt the medium for 
use as a presumptive test for Salmonella in dairy 
products, and (c) to combine preenrichment witl1 the 
presumptive test, thus shortening the period required 
for identification. Future work would attempt to use 
the fluorescent antibody technique (FAT ) for con­
firming results from tl1e presumptive test. 

M AT EHIALS AND METHODS 

In preliminary studies various media were compared for 
their ability to selectively differentiate sah11onellae from 
other enteric bacteria on the basis of lysin e utilization and 
hydrogen sulfide production. The medium of Falkow (5) 
was compared with a lysine-iron broth medium similar in 
composition to the lysine-iron agar formula proposed by 
Edwards and Fife (4) for the detection of Al'i.zona cultures. 
Attempts were made to improve the selectivity of the lysine­
iron broth by adding or substituting various dyes, carbohy­
drates, iron and sulfur compounds, and anti-m etabolites in 
th e fomlll la . 

, 
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Detection and Differentiation of Cultures 

M edium 

The medimn which showed th e greatest potential for dif­
ferentiating salmonellae from other genera contained: L-lysine 
- 10 g, tryptone - 5 g, yeast extract - 3 g, lactose - 5 g, 
glucose - 1 g, salicin - 1 g, ferric ammonium citrate - 0.5 
g, sodium thiosulfate - 0.1 g, L-cystine - 0.1 g, n eutral red 
- 0.025 g, and distilled water - 1 liter. The medium was 
adjusted to pH 6.2, dispensed in 8 to 10 ml portions in screw 
cap tubes, and au toclaved at 121 C for 15 min. 

Cultu.res 
Pme cultures of salmonellae and related types were t ested 

in the selective medium. These included 64 SaLmonella cul­
tures representing serological groups A through I. Particular 
attention was given to r eactions obtained from those sero­
types most frequently isolated from contaminated nonfat 
dry milks (NDM ), namely, Salmon ella cu.bana, S. anatum, S. 
monteveido, S. oranienburg, S. tennes.see, S. worthington, S. 
newington , and S. new brunswick. Representative strains of 
Shigella clysenteriae, Sh i.gella flexneri, Escherichia coli, Enter­
obacter aerogenes, Enterobacter cloacae, Citrobacter freundi:i, 
Proteus v ulgaris, P. mirabilis, P. morgani.i, Paracolobactrwn 
arizonae, P. aerogenoicles, Providencia stuarti.i, and species 
of KLebsiella and Pseudom onas were tested . Spore fonners, 
such as Bacillus subtilis, B. cereus, B. m egateri.um, and B. 
stearothermophilus, which are frequ ently fom1cl in milk pow­
ders also were tested. 

T est procedure and evaluation 
Tubes containing 8 to 10 ml of test meditml were usually 

inoculated with a 3 mm standard loop from an 18 to 24 hr 
broth cultme. In tests with m1known isolates, growth of 
individual colonies on selective agars frequently served as an 
inoculum. 

Cultures were incubated at 37 C for 18 lu· and observed 
for neutral reel color change, and medium blackening. Sal­
monellae were readily detected after 12 to 18 hr growth by 
neutral red color change and production of a massive black 
precipitate. A few cliphasic sahnonellae will not produce the 
black precipitate but do change th e medim11 from red to 
yellow. Species of Shi.gella, Enterobacter, Proteus, Citrobacter 
and most gram-positive types intensify the red color of the 
meditun and do not yield a black precipitate. E ven those 
Proteus species such as P. v ulgaris and P. mirabilis that 
produce hydwgen sulfide in TSI agar do not cause the med­
ium blackening or change the medimn color. Species of 
Escherichia and Klebsiella change the medium color from 
reel to amber or yellow without blackening. Differentiation 
of the few nonblackening salmonellae strains in the meditun, 
namely S. sendai, S. aborti.voequina, and cliphasic S. clw lerae­
su.is, from species of Escherichia and Klebsiella required an 
additional period of incubation. Therefore, all cultures show­
in g a medium color change from reel to yellow after 18 lu 
at 37 C are reincubated an additional 24 hr at 37 C (total 
42 hr ) . After the seco1~d incubation, 0.1 ml of 0.3% brom 
thymol blue solution is added to each tube, and the color 

. recorded . Salmonellae strains produce an alkaline reaction, 
. cl1~ging the medium from yellow to green or blue. Blue 

color is more ·intense · at the top of the tube on standin g but 
co}or differences are immediately obvious. Klebsiella and 

Escherichia species allow medium to remain bright yellow. 

Brom thymol blue sol~1tion (50% alcoholic ) was prepared b y 

mixing 0.3 g of brom thymol blue indicator powder ( Nu­

tritional Biochemical Corp. ) 1 with 2 ml of 0.1N NaOH and 

;·diltiting to 100 ml with 50% ethyl alcohol in distilled water. 

Presum ptive Procedure for Detectin g Salmonella 
in Dairy Products 

Dairu product samples 
Commercia l samples of dried milks were kindly furnished 

by th e Dairy Division , Consumer and Marketing Service, 
US DA and th e Food and Drug Administration. Because 
some difficu lty was encountered in collecting positive com­
mercial products, many of the test products had to be pre­
pared experim entally in the dairy p ilot plant. The process­
ing milk was artifically con taminated with salmonellae prior 
to product manufacture. Products p repared iltcluded NDM, 
milk concentrates, whey, raw and p asteurized milk, and Cot­
tage and Cheddar cheese. Milk powders contail1i11g approxi­
mately 1 to lO salmonellae per 100 g were prepared to 
determine the sensitivity of the proposed medimn. Milk 
concentrates and raw milks containil1g salmonell ae were pre­
pared by seeding the milks with 18 hr broth · "c~Iltures and 
dilutin g with milk to obtail1 a level of app.roxilnately 1 
Salmon ella/ mi. Cheeses were prepared according to pre­
viously described methods and the salmonellae content was 
followed throughout storage and curing (6, 9). Cheeses con­
ta ining less than 10 salmon ellae/ g were used. \ '\'hey from 
these cheeses containing low levels of salmonellae also were 
tes ted. 

Salmonella strains added .to or found il1 the dairy products 
included S. senftenberg, S. t ypl1imurium, S. cubana, S. an­
atum, S. neu; brw;swick, S. oranienhurg, S. monteveido,, S. 
n ewington, and S. clwleraesu.is. 

M ediwn for testin g dairu jJroclucts 
\ Vhen the test medium as developed for differentiation of 

pure cultmes was appli ed to detect salmonellae in dairy 
products, ce1tain adjustm ents in the medium and test pro­
cedure were essential. First, selectivity for salmonellae had 
to be increased in tes ts with mixed populations and growth 
of certain gram-positive types had to be suppressed . Second, 
casein carried over with dairy product samples interfered 
\\·ith color changes and this problem had to be overcome. 

Novobiocin. A mm1 ber of antibio tics were screened for 
ability to selecti vely inhibit growth of interfering micro­
organisms in the presence of Salmonella. These included 
novobiocin, erythromycin, kanomycin, neomycil1, and soclimn 
oxacillin. They were added aseptically to the medimn at 
levels rangin g from 3 to 20 ,ug/ ml. Prelilninary evidence 
indicated that novobiocin ( novobiocil1 , sodium ) a lbamycinll , 
Upjohn Co. 1 was the most effective antibiotic i11 suppressing 
the growth of spore form ers and species of Proteus and 
J<:scherichia. The optimum concentration of novobiocin in 
the te•t medium was determined with pme and mixed cul­
tures of salmonellae and with salmonellae-positive dairy 
products. Concentrations tested were 2, 5, 10, ru1d 15 ,ug/ ml. 
A stock solution was prepared by adding 100 mg of crystalline 
novobiocin to 100 ml of sterile distilled water. The stock 
solution was stored at 4 C and discarded after two weeks. 

T rypsin. The enzyme trypsin was tested in the medium a · 
a clarifyin g agent for milk casein. Sterile stock solutions were 
prepared by mixing l g of trypsin ( 1-300 ) Nutritional Bio­
chemical Corporation' in 100 ml of distilled water and filter­
ing through a Seitz bacterial filter. This solution was usually 
dispensed in tubes, frozen at -17 C, and then ~hawed and 
used as needed. Levels of trypsin tes ted for casein digestion 
an d possible toxic effect on the growth of salmonellae varied 
from 1 to 10 ml of stock solution per 100 ml of test meclitml. 

' iVlention of brand or firm nam es does not constitute an 
endorsement by the Department of Agriculture over others 
of a similar natm·e not m entioned. 
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MecUwm foTnwla. The m edium developed for detecting sal­
monellae in dairy products was essentially the same as for 
pure cultures but was modified to contain : L-lysine - 10 g, 
tryptone - 5 g, yeast e.,>;tract - 3 g, lactose - 5 g, glucose -
2 g, ferric ammonium citrate - 0.5 g, sodium thiosulfate -
0.1 g, L-cystine 0.3 g, neutral reel - 0.025 g, an d distill ed 
water - 1 liter. No aclju sh11ent of pH was required. The 
medium was usually dispensed in 500 or 1000 ml portions in 
large mouth flasks, autoclavecl, and stored at 4 C until used . 
Freshly prepared autoclaved medium with the oxygen ex­
pelled was not used until th e followin g clay or until after oxy­
gen equilibration because fa lse-positives were encountered 
under th ese conditions. Stock solutions of novobiocin and 
trypsin were added asepticall y to th e medium just prior to 
testing or at the time of mixing with dairy sampl es. The con­
centration of novobiocin was 5 ,u.g/ ml of meclitml or 0.5 ml 
of stock solution to each 100 ml. Stock trypsin was added 
at the rate of 2 ml for each 100 ml of medium. 

Evaluation and sensitivity. The sensitivity of th e procedure 
was establish ed by testing milk powders known to contain 
low levels of subleth ally impaired salmonellae ( 1-10 per 100 
g). Additionally, milk powder!' h'llown to. contain salmonellae 
and related types such as E. coli, Enterobacter, Cltrobacter, 
and Proteus were tested. 

Assay of dairy pmducts 
NDM. NDM powder was added to sterile medium in the 

proportion of 1 to 10 ( w/ v) . Lesser amounts of powder 
to medium may be used without harming the sensitivity but 
this limit should not be exceeded. Both 50 and 100 g samples 
were tested in the development of th e procedure. One hun­
dred gram samples were slowly mixed with 1000 ml of medium 
in a sterile '~Taring blenclor and after initial slow mixing, . the 
solutians of novobiocin ( 5 ml ) and trypsin ( 20 ml) were 
added and mixed . Mixtures were then retumecl to th e 
original flasks. To allow resuscitation of sublethally impaired 
cells ' in dried products such as milk powder, the mixed samples 
were immediately warmed to 30 C a'ncl h eld for 6 hr. After 
6 hr' preincubation, flasks were placed in a 39 c water bath 
and i1eld for an additional 18 hr. After incubation (total 24 
hr ) th e mixtures were observed for colq·~· changes and / or 
blackening. · · 

M-ilk co ncent·rqtes. Milk concentrates from condensing ( 25 
to 50% soUcls) were added cUrectly to fl asks or bottles of 
medium co~taining the prescribed amounts of novobiocin and 
trypsin ( 0.5 ml and 2 ml / 100 ml, respectively) . Usually 10 
g of 50% concenh·ate or 20 g of 25% concentrate was added 
per 100 ml of medium. (Lesser amounts of concentrate to 
medium may l2e used) . ·?-ifixtures were incubated at 39 C for 
24 hr and ohs~rved for color changes as with NDM. Prein­
cubation at 3o C was not essential with Uquid dairy products. 

Cheddar and Cottage cheese. Cheese samples of 11 g were 
blended in a ·waring blenclor with 100 ml of sterile distilled 
water containing 0.2 g sodium citrate. UsuaUy 10 or 20 ml 
aliquots of the cheese slurry were added to 100 ml of test 
medium. Novdbiocin and trypsin were added and in cubated 
as previously described for milk concentrates. 

·whey, mu; and pasteu·rized milk. ·whey and milk san1ples 
were added to the medium at the ratio of 1 to 10 or 10 ml 
per 100 ml of medium . Trypsin and novobiocin were added, 
mixed, and the mixtures incubated at 39 C. 

After 24 hr incubation, flasks or bottles were removed 
from the water bath and recorded for m editml color chan ges. 
A positive presumptive test for the presence of salmonellae 
was indicated by medium blackening and/ or color change 
from red to yellow. A negative test was indicated by th e 
absence of color ch ange or blackening. All sah110nellae will 
change the meditm1 color from red to yellow in 24·'hr and in 

adclition most will form a massive black precipitate. Growth 
from all positive samples should be positively id entified as 
containing salmonellae. 

Confi1·mation. Samples from the pre$umptive test at 24 
hr were removed and confirmed for the presence or absenbe 
of salmonellae by standard cultural an d s~rological procedures; 
e.g., growth on differential agars and s'erological tests with 
specific antisera. Limited tests were made in which con­
firm ation was made by FAT ( 11 ). To determine the effec­
tiveness of the presumptive m edium , duplicate samples of 
the dairy products were assayed by 'conventional lactose pre­
enrichm ent, cultural and serological procedures (Bacteriological 
Analyti cal Manuo 1). 

RESULTS Al\'D DISCUSSION 

Diffemntiation of cultures 
The medium as developed in pure culture sh1dy 

proved exhemely useful in the detection and dif­
ferentiation of unknown strains of salmonellae from 
other genera of the Enterobacteriaceae group. Sal­
monellae were readily differentiated after 18 hr in­
cubation from species of Shigella, Citrobacter, En­
terobacter, Proteus, and Pseudomonas. Unknown 
colonies of salmonellae picked from selective agars 
were also readily identified. All test sh·ains with the 
exception of a few S. pu.llorum grew rapidly in the 
neutral red broth in 12 to 18 hr at 37 C and changed 
it in color from red to yellow or black. Most sal­
monellae decolorized neutral red and formed a 
massive black precipitate which obscured yellow 
color in 18 hr. Medium blackening was usually evi­
dent after 7 to 8 hr incubation. Typical medium re­
actions obtained with representative Salmonella sera­
types are shown in Table 1. Only three serotypes 
tested failed to produce the characteristic black pre­
cipitate, e. g., S. sendai, S. abo1tivoequina, and dipha­
sic S. cholemesuis . These strains could still be identi­
fied as salmonellae and differentiated from other 
genera by continued incubation for 24 hr followed 
by addition of brom thymol blue. Of two S. para­
typhi A sb:ains tested, one failed to produce H•S and 
give the typical reaction of most salmonellae. Two 
of six sh·ains of S. pullarmn grew poorly at 37 C 
and could be differentiated more readily when grown 
at 30 C. Lactose-positive Salmonella produced typi­
cal reactions in the medium, e.g., decolorization and 
blackening. The reactions obtained with micro­
organisms other than salmonellae are shovm in Table 
2. Species of Shigella, En.terobacter, Citrobacte1·, 
PToteus, and Pseudomonas usually remained bright 
red in color after 18 hr incubation and did not blacken 
the medium. EnterobacteT, Proteus, and Oitrobacte·r 
species usually lower the medium pH, thus intensify­
ing its red color. Even those Proteus strains which 
produce hydrogen sulfide on TSI agar, such as P. 
mirabiUs failed to blacken the medium and remained 
red, thus easily distinguishing them from salmonellae. 

, 
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TADLE 1. PuRE CULT URE REACTIO:-<S OF Salmon ella I N 

TEST MEDIUM 

Medium chan ges - 37 C 
Serologica l 18 hr 42 hr:'l 

Serotype g rOllll Co lo t· Black ppt.. ~ 

Salm.onella pa:ratyphi A A y• + ::t:" y 

S. typhi.m.urium B BL"" +++ GB""" 
S. schottnw elleri B BL +++ GB 
s. derb y B BL +++ GB 
S. ch e5t er B BL +++ GB 
s. cholerae-su.is c, y GB 
s. cholerae-su.is va·r. +++ GB 

kun zend01j c, BL +++ GB 
S. monteoeido c, BL +++ GB 
s. oranienbu·rg c, BL +++ GB 
S. tennessee c BL +++ GB 
S. IJlockle y c, BL +++ GB 
S. newp01t c, BL + ++ GB 
S. sendai D, y GB 
s. typhi D, BL +++ GB 
S. enteritidis D, BL +++ GB 
S. pulloru.m D, BL' +++'" GB 
S. anatll1n E, BL +++ GB 
S. ·meleagrides E, BL +++ GB 
S. newington E, BL +++ GB 
S. new brunswick E, BL +++ GB 
S. ·illinois E, BL + ++ GB 
S. senftenbu.rg E., BL ++ GB 
S. -tW ·Jth-bngton G BL + ++ GB 
S. albuquerqu e H BL +++ GB 
S. gaminam I BL +++ GB 

•y = Yellow 
• "BL = Black from ppt - Neutral red decolorized to pale 
yellow 

""" GB = Green to blue 
' After adding brom thymol blue 
"50% of the S. paratyphi. A strains formed a black ppt. 
··Four out of six strains gave blackening at 37 C - 2 grew 
poorly. 

iVIany species of Pseudomonas, such as P. fm g-i, failed 
to grow in the medium at 37 C. Salmonellae and 
most E. col-i and Klebs-iella. strains decolorized or ir­
reversibly changed neutral red from red to yellow 
without a maTked pH change, thus inactivating it as 
an indicator. None of the other test strains had this 
effect on neutral red. As indicated previously, the 
nonhydrogen sulfide sh·ains of salmonellae required 
a longer incubation period and use of brom thymol 
blue to distinguish them from E. coli and Klebsiella. 
species . Only salmonellae cultures gave an alkaline 
reaction changing brom thymol blue from yellow to 
green or blue. Lysine and lactose utilizing cultures 
such as E. col-i and· E. aerogenes sufficiently lowered 
m~dium pH and remained yellow. Thus culture dif­
fel:~ntiation in the !'nedium is based upon pH changes 
as indicated by netitral Ted and brom thymol blue, 
decolorization of neutral red, and the production of 
iron sulfide or medium blackening. Cultures utilizing 
lysine are known to yield an alkaline reaction. Lac-

tose and salicin provided a carbohydrate source for 
microorganisms other than salmonellae which yield 
an acid reaction . Salicin also provided a carbohy­
drate source for slow or non-lactose utilizing strains 
such as Proteus. All E. aerogenes, Klebsiella and 
PToteus species, and most E . cloacae and Escherichia 
species fermented salicin . It has b een reported by 
Edwards and Ewing (3) that all salmonellae produce 
hydrogen sulfide en TSI agar with the ~xception of 
S. pamtyphi A, S. sendai, S. be·rta., S. senftenberg, S. 
cho!eraesu-is ( diphasic) , and S. a.bortivoequina. Addi­
tion of L-cystine to the neuh·al red medium intensified 
blackening with most speci '?s, and resulted in medium 
blackening with strains of S. senftenberg and S. berta 
and some S. paurtyphi A. Apparently L-cystine is 
more easily utilized than sodium thiosulfate or adds 
to the sulfur source for these strains. Test strains of 
P. a·rizonae changed medium color and gave blacken­
ing, making it impossible to differentiate them from 
salmonellae. Paracolobactrum. aeTOgenoicles could be 
distinguished by ~ndicator changes. 

Several advantc'1ges were found in tbe use of the 
cultural tes t medium: ( a ) rapid results were 0b­
tained in 12 to 18 hr with most salmonellae, (b) o'ne 
medium was sufficient for differentiation from re­
lated typ :>s, and (c) hydrogen sulfide producing 
strains of Proteus and C'itroba.cter were less likely to 
he confused with salmonellae .than on TSI agar or 
lysine iron agar. 

Assay of dairy pTOclucts 
The medium was effective in isolating and detect­

ing salmonellae in most known positive dairy prod­
ucts. D airy products containing salmonell ae either 
turned the medium very black or changed its color 
from red to bright yellow depending upon the strain's 
ability to form hydrogen sulfide. A negative test was 
indicatr d by the absence of color change or medium 
blackening. Only a limited number of dairy products 
could be made with different Salmonella. serotypes ; 
h owever, all but a few made with S. choleraesu.is 
caused medium b lackening in 24 hr . A strain of S. 
senftenberg and lactose positive S. tennessee develop­
ed lesser amounts of iron sulfide. :Milk powders pre­
pared to contain approximately 1-10 salmonellae cells 
per 100 g were usually positive by the presumptive 
test . Medium sensitivity for dairy products was in­
creased by changing the cystine content from 0.01 
to 0.03% and raising the incubation temperature to 
39 C. (Low levels of sublethally impaired salmonel­
lae in ND M fail ed to give the characteristic reactions 
when samples were placed immediately at 39 C ). 
It was found that a preincubation period of 6 ln at 
30 C was sufficient to allow resuscitation of injured 
cells and then the samples could be incubated at 39 C. 
Test sh·ains of E. coli, E . aeTOgenes, P. vulga·ris, P. 
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TABLE 2. ]\I[ED!UM HEA CTION OF P UHE CULTUHES OTH EH THAN SALMONELLAE 

Strain Color 

Shigella dysenteriae Red 
Shigella flexn eri Red 
Paracolobactrum arizonae Black" 
Paracoloba.ctnnn aerogenoicles Yellow 

18 hr 
Medlum changes - 37 C 

Black ppt. 

+++ 
+ 

42 br• 
Color 

red to brownb 
red to brown 
green or blue 
yellow 

Escherichia col-i Amber to Yellow yellow 
Enterobacter cloacae Red 
Enterobacter a.erogenes Amber to Redi•" 

red to brown 
red to brown 
reel to brown 
yellow 

C itrobacter freundi-i Amber to 
Klebsiella pneumon·iae Yellow 
Klebsiella ozaenac Yellow 
Proteus v ulgaris Red I 
Proteus mirabilis Red I 
Proteus morganii Red 
Pmv iclencia. stumtii. Red 
Pseudomonas fra gi RedKGoo" 
Pseudomonas fluorescens Red?\" G 
Pseudomonas aer·uginosa Reel 
Bacillus cereus Red 
Bacillus m egateriu:m Reel 
Bacillus subtil-is Reel 

"Black from precipitate - leutral Reel decolorized 
" "I - Reel color usually intensified 
•••NG - No growth 
"After addition of brom thymol blue 

Red I 

yellow 
reel to brown 
red to brown 
red to brown 
reel to brown 
red to brown 
reel to brown 
red to brown 
red to brown 
reel to brown 
reel to brown 

hH.ecl tubes at 18 hr need not be reincubatecl or treated with brom thymol blue 

r --
1nirabilis, and P. morganii in the dairy products failed 
to give medium color changes or blackening after 
24 hr incubation. Strains of E. coli did change the 
medium color to yellow with longer incubation periods 
(48Iu·). 

The antibiotics, novobiocin and · erythromycin at 
levels of 5 and 10 f-1-g/ ml, respectively were equally 
·effective in isolating Salmonella in the presence of 
gram-positive microorganisms; however, novobiocin 
was slightly superior in suppressing growth of many 
E . col:i and Proteus strains. Advantages of novobiocin 
in isolation , of salmonellae from fecal samples have 
been showl).. by Jeffri es (7). Test sh"ains of B. su.b­
til·is, B. ·megaterium, B. cereus, and B. stearothenno­
philus were inhibited with 5 fLg/ ml of novobiocin. 
All species of Shigella and many strains of E. coli, 
Proteus, and Pseud01nonas were suppressed by 5 fLg 
of novobiocin •in the medium. · Novobiocin was re­
quired in the medium before a positive test could be 
obtained when DM samples contained Salmonella 
and E. col:i in a ratio of 1 to 10 per gram of powder. 
Obviously large numbers of lactose fermenters such 
as E. coli may overgrow salmonellae unless suppress­
ed. Trypsin was effective as an agent to digest casein 
and to clarify the medium and thus enhanced de­
tection of color changes and medium blackening with 
all dairy' products tested. Digestion of casein was 
usually complete after 12 lu-. Addition of trypsin to 

"the medium did not appear to inhibit growth or re­
covery of sh·essed cells of salmonellae (heating and 
drying) in NDM or other dairy products. Five to 
10 times the prescribed level of trypsin in the me­
dium had no effect on the growth of salmonellae or 
medium reactions. 

Detection of salmonellae in dairy products was 
based upon irreversible color changes of the neuh·al 
red and blackening of the medium by salmonellae. 
Excessive aeration of culhu·es and the use of anaerobic 
conditions are to be avoided when conducting the 
presumptive test. For example, false-positive re­
actions were frequently encountered, (medium change 
from red to yellow), when freshly autoclaved me­
dium with oxygen expelled was used . As a result 
autoclaved medium was not used until the following 
day. Shaking and excessive aeration during incuba­
tion prevented blackening and appeared to inhibit 
growth of sh·essed cells of salmonellae in NDM. The 
number of salmonellae ·in some commercial ND M 
samples was obviously lo\v because difficulty was en­
countered in detection ev~n with repeated sampling 
by standard cultural procedures. NDM made in the 

. pilot plant to contain approximately 1 Salmonella 
and 10 E. coli per gram Wa$ useful as a positive con­
b·ol and in demonsh·ating the effect of medium vari­
ables. Limited h·ia:ls have shown that the test · is 
sufficiently sensitive to detect between 1 and 10 
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A SELECTIVE MEDIUM n 
TABLE 3. DAIRY PRODUCTS A.N.ALYZED FOR Salmonella 

Standard 
cultural PresumptiVe 

Product No. of procedures test 
samples + + 

NOM Commercial 21 9 12 8 13 
NOM" 10 10 0 10 0 
NDMb 2 2 0 2 0 
NOMe 2 0 2 0 2 
NOM• 4 0 4 0 4 
NOM" 1 1 0 1 0 
Milk concentrate 

(25 to 50%) 3 3 0 3 0 
Cheddar cheese 16 14 2 15 1 
Cottage cheese 5 5 0 5 0 
Raw milk 15 14 1 12 3 
Whey 21 20 1 20 1 

"Prepared with Salmonella serotypes producing hydrogen sul-
fide 
bPrepared with S. choleTaeswis and S. senftenbeTg 
<Prepared with E. col-i 
•Prepared with species of Proteus 
"Prepared with S. new bwnswick and E. coli 

salmonellae per 100 g sample. The procedure was 
slightly more sensitive when lesser amounts of pow­
der to medium could be used, for example, 50 g of 
NDM to 1 liter of medium. Sh·essed cells of sal­
monellae in NDM were found to recover as fast or 
faster in the neuh·al reel broth than in reconstituted 
milk. R?covery was determined by a direct plating 
procedure. As might be expected, the procedure 
was more sensitive for detection of salmonellae in 
liquid products and cheese than in NDM. In tests 
with raw milk, 1 Salmonella/m1 could easily be de­
tected when the total bacterial count did not greatly 
exceed 200,000/ ml. In a few instances salmonellae 
were detected when the total count exceeded 1 mil­
lion/ mi. Raw milks of high counts obviously con­
tained large numbers of lactose fermenters which 
overgrew salmonellae even when the medium con­
tained novobiocin. Salmonella was readily detected 
in pasteurized milk and wheys. Lactic streptococci 
in the wheys were inhibited by novobiocin. 

Results of tests vvith dail'y products are shown in 
Table 3. Although 100% correlation was not obtained 
between the 24-hr presumptive test and the 4-day 
completed cultural and serological procedure, the 
number of positive ·samples at 24 hr was exh·emely 
high. Results to date indicate that the presumptive 
test cannot be solely relied upon for Salmonella de­
tection. Even though confirmation of Salnwnella in 
the growth medium is still required, the total time 
tequired for th~ completed t est is reduced. The 
medium eliminates the usual preemichment and is 

more selective for the growth of Salmonella than re­
constituted milk. 

Fi1ll evaluation of the neutral red lysine-cystine 
medium and test procedure cannot be determined 
tmtil many products have been assayed and the re­
sults compared with those of established test pro­
cedures. However, results from the various dairy 
products tested to date would indicate that the iso­
lation procedure has definite potenttal as a rapid 
screening procedure that may be used by processors 
and teclmicians. 

Preliminary tests with the FAT indicate that the 
growth from the presumptive test may be applied 
directly for FAT confirmation. Iron sulfide deposits 
were generally removed during the norfil.al rinse pro­
cedures and did not interfere with fluorescence. Pre­
sumptive evidence of Salmonella and confirmation by 
FAT was obtained in a total of 26 hr. Results of 
FAT tests will be Teported at a later date. 
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Assnu c r 

One hundred seventy samples of dried food products in 
national distribution were examined for the incidence and level 
of contamination by Bacillus cereus. Twenty-five per cent 
of the sampl es yielded B. cereus at a level not exceeding 4000 
per gram . Mannitol -egg yolk-polymyxin ( MYP ) ag~r was used 
as a presumpti ve test for the presence of B. cereus in the food 
samples. Various biochemical tes ts for the confirmation of 
suspicious coloni es appearing on lV!YP agar were evaluated. 
A precipitin tes t employin g spore precipitinogens was investi­

gated as a confirmatory tes t for B. cereus. The possible role 
of B. cereus in outbreaks of foodborn e d isease in the United 
States is discussed. 

The first report of confirmed cases of Baci.lhts cer­

eus food poisoning appeared in 1950 (4). In the en­
suing years, additional repo;:ts appeared in the liter­

ature confirming the role of B. cereus in foodborne 
disease (5, 8, 9, 10). A recent report by Ormay and 
Novotny (13) placed B . cereus as the third leading 
cause of food poisoning in Hungary during the pe1iod 
1960-1968. These investigators stated that meat dish­
es (53.8%), vegetables (10.6%), milk and cocoa (9.6%) , 
and miscellaneous foods ( 17.6%) were the most com­
m6n food vehicles in the outbreaks of food poisoning 
studied. Mossel et al. (9) listed 1nashed potatoes, 

minced meat, liver sausage, rice dishes, puddings, and 
soups as the most common causative foods of B. cereus 

poisoning in The 1 etherlands. Although these in­

vestigations by European workers have indicated that 
a problem exists, the possible role of B. ceTeus in 
foodborn e outbreaks in this country has largely b een 

ignored. · • 
Earlier. this year, the first vvell-docum ented outbreak 

of B. cereus food poisoning in the United States was 
reported by Midura et al. (8). The outbreak, in which 

meat-loaf was the vehicle, occurred among the mem­
bers of a fraternity in California . The mean incuba­
tion period ,,as 10 hr and the predominant symptoms 

were abdominal pain, diarrhea, nausea, and some vom­
iting. Quantitative microbiological analyses of the 
remaining meat-loaf revealed an aerobic plate count 
of 76 x 10"/g and a B. ceTeus count of 70 x 10"/g. 

Several other reports of B . cereus food poisoning in 

'Published with the approva l of th e Director of the Research 
Division, College of Agricultural and Life Sciences . 
"Presented in part at the 70th Annual Meeting of th e Am eri­
C::l n Society for Microbiology, April 26-May 1, 1970, Boston , 

11ass. 

the U. S. have appeared but the details are sketchy 

or totally lacking (1 ). 
This study was undertaken to assess the frequency 

and level of B. cereus contamination in selected food 
products purchasable at the retail level. In addition, 
existing methods for isolation and identification of 
13 . cereus from food products were evaluated. 

l\I[ATEHL\LS A N O ~[ ETHODS 

Samples 
All food samp les were products in national dist ribution that , 

were purchased at various retail outlets in Madison, vVisconsin . 
Since all products were dried foods, they were kept at room 
temperature until sampling and analysis. 
Isolation and enum erotion of B. cereus from foods 

Ten grams of food sample were aseptically removed from 
its package and suspended in 90 ml sterile 0.1% peptone water 
in a screw-capped milk dilution bottle. The food suspension 
was th en shaken vigorously 25 times through an arc of 1 ft in 
7 sec. Further dilutions were made by sequential transfer of 
1 ml to 9 ml 0.1% peptone water. One-tenth milliliter ali­
quots of appropriate diluti ons were surface plated on th e 
mannitol-egg yolk-polymyxin ( MYP) m ediwn of Mossel et a!. 
(9) . Plates were examined for colonies evidencing an egg yolk 
reaction after incubation for 24 hr and 42 hr at 32 C. 
Biochemical co nfirmatoru tests of food isolates 

Hemolysin production was detennined by sb·eaking a broth 
culture of the isolate on plates of trypticase soy agar contain­

in g sheep reel blood cells ( 5%) . Plates were incubated at 
32 C for 24 hr. 

Gelatin hydrolysis was d etermin ed by stabbing a loopful 
of a 24-hr broth culture into tubes of nutrient gelatin. After 
incubation for 48 lu- at 32 C, tubes were immersed in an ice­
water bath. Failure to solidify indicated that gelatin had 
been hydrolyzed. Negati ve cultures were reincubated and 
retested at 168 hr. Growth on pheneth yl alcohol agar was 
determined by the method of Knisely (6). 

Casein hydrol ysis was determined by inoculating tubes of 
libnus milk with a loopful of a 24-hr broth culture. Tubes 
were examined after 48 hr at 32 C. Negative cultures were 
retested by streaking across the center of a plate of nutrient 
agar containing 1% sodium caseinate. 

Crowth at 49 C was measured by inoculating pre-tempered 
tubes of trypticase soy broth and incubating for 7 days in a 
th ermostatically controlled water bath. The inoculum level 
was 10'' cells/ ml and tubes were considered positive for growth 
if turbidity became evident during i11cubation. 

Growth in 7% NaCl was measured b y inoculating trypticase 
soy broth + 6.5% added 1 aCl with 10·• cells per milJjJiter. A 
positive reaction was recorded if the tubes showed turbidity 
aft er 7 clays at 32 C. 

D1 ase production was measured by streaking a loopful of 
broth culture once across the center of a DNase test agar 
( Difco) plate. After incubation at 32 C for 48 hr, the plate 
was flood ed with a solution of 1% HCI. A clear zone around 

, 

' ... 
I 
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TABLE 1. I NCIDENCE AND LEVEL OF EGG YOLK-POSITIVE A ND 'NARHOW-ZO ' E' FOHiVIL'IG OHGANISMS JN VAH!OUS D!UED FOOD PHODUCTS 

El'l: yolk- JlOS itive organisms ·~a iTOw- zon e' organisms 
Level of Level of 

Xo. sa mples +I contamination Xo. sa mples +I conta mination 
Product No. tested per g No . tested pe1· g 

Dry potatoes 8/ 20 100-4000 3/ 20 500-1800 
Soup mixes 1/22 700 11/ 22 100-9000 
Gravy mixes 2/ 23 100-1000 9/ 23 100-4000 
Spaghetti sauce 6/16 100-1000 10/16 100-107,000 
Cream , BarBQ sauces 1/ 16 100 5/16 100-900 
Spices 10/ 25 100-1000 9/ 25 200-1,300,000 
Seasoning mixes 11/ 20 100-1200 9/ 20 300-38,000 
Puddings and custards 0/14 0/14 
Flour and starch 1/ 6 100 0/ 6 
Skimmed milk powder 3/ 8 200-600 0/ 8 

th e streak indicated a positive test for D - ase production. 
Starch hydrolysis, acetyL11ethylcarbinol ( AMC) production, 

N0 3 reduction and glucose ferm entation were detem1ined by 
methods described by Smith et a!. (14). 

Sensitivity to 201 phage was detem1in ecl by spotting 0.01 ml 
of phage solution ( 6 x 108 phage/ ml ) on the center of a lawn 
of youn g cells ( 4 hr ) growing on nutrient agar. A clear area 
against a surrmmding turbid region of cell growth indicated 
sensitivi ty to the phage. 

Serological procedmes 
Preparation of antiserum. Thoroughly washed spores of B. 

cel'ltS T were generously supplied by Dr. R. Hansen, D epart­
ment of Bacteriology, University of vVisconsin. Spore suspen­
sions were autoclavecl at 121 C for 30 min. The autoclavecl 
spore suspension ( 15 mglml) was inoculated into the ear vein 
of rabbits according to the sch edule of Norris and vVolf (11). 
After the precipitin titer against homologous antigen reach ed 
1:256 the rabbits were bled from the ear artery and the im­
mune serum was h arves ted. Globulins were removed from 
the serum by precipitation with ( H. ).SO. and resuspended 
in phosphate buffered saline (pH 7.2) . 

Preparation of precipitinogen. Spores of the egg yolk posi­
tive and 'narrow zone' test strains were prepared b y growing 
the cultures in C medimn (3) with shaking at 32 C for 4 clays. 

f Spores were harvested by centrifugation and washed repeated­
ly with distilled water until free of vegetative cell debris as 
determin ed microscopically and by a negative catalase test. 
Seventy-five milligrams of spores were extracted with hot 
formamicl e according to the method of Torris and ' 'Volf (11). 
Extracted material was diluted to 0.5 mgml ml in phosphate 
buffered saline prior to use in th e precipitin test. 

Precipit·in tests. Equal volmnes of antigen and 0.5% agar 
were mixed at 45 C prior to placing in glass tubing ( 3 mm 
internal diam eter ) that was sealed at one encl . A 1:16 dilu­
tion of the globulin fra ction of the immune serum was mixed 
with an equal volume of 0.5% agar before layering over the 
antigen portion in the glass tubing. The tubes were then 
incubated at 25 C for 1-2 clays before examination. A positive 
reaction was evidenced by the fom1 ation of a precipitate in 
either layer or at the interface between an tigen and antibody 
layers. 

REsULTS 
i 

One-hundred seventy samples of dried food prod-
ucts were examined for the incidence and level of 
contamination by B. cereus. Results are summarized 
in Table 1. Colonies on the mannitol-egg yolk-poly­
myxin agar plates were considered to be B. cere·us 

if they were flat, dry, and opaque ~nd were s~nTotmd­
ed by a large zone of precipitate. These colonies were 
always readily countable after 24 hr at 32 C. ' iVhen 
the plates were incubated for an additional 18 hr as 
suggested by i\tiossel et al. (9 ), there were numerous 
colonies, usually quite moist in appearance, that show­
ed a small zone ofj-irecipitation in the agar. In most 
instances, this zone was confined to the area directly 
beneath the colony, but occasionally it was observed 
to extend l-2 mm around the colony. Although the 
colonial morphology was not typical of B. cereus, it 
was impossible to be certain that these were not weak 
egg yolk-positive strains of B. cereus. For this reason, 
representative colonies of this t)Te were picked for 
further biochemical analysis . 

Data in Table 1 show that the incidence of B. 
cereus in these selected products was 25.3%. , The 
products most frequently contaminated were season­
ing mixes (55%) , spices ( 40%), dry potatoes ( 40%), 
milk powder ( 37.5%), and spaghetti sauces ( 37.5%) . 
Although the incidence of contamination was fairly 
high, the level of contamination in any positive sample 
did not exceed 4000 B. cereus per gram and, in most 
instances was < 1000 per gram. The incidence of 
'narrow zone' colonies ·was somewhat higher ( 32.9%) 
and the level of contamination ranged up to a maxi­
mum of 1.3 x 106 per gram. Several h"ials were con­
ducted initially to determine whether heat shocking 
( 75 C, 10 min ) the l: 10 dilution of food would en­
hance isolation of B. cm·eus. An increase in recover­
able B. cereus was not effected by heat shock in­
dicating that spores germinated readily on the MYP 
agar. Consequently, the remaining samples were ex­
amined without employing a heat shock. · 

In an effort to identify the 'narrow-zone' organisms 
and to evaluate the biochemical tests most often ap­
plied to characterize B. cemus, a total of 51 colonies 
of egg yolk-positive organisms and 52 colonies of 
'narrow··zone' types vvere isolated and examined. Table 
2 summarizes results of these examinations. The only 
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properties that were shared by all 51 strains of B. 
cereus were hemolysis of sheep RBC and hydrolysis 
of gelatin. Other characteristics usually attributed 
to B. cereus were variable and do not appear to be 
reliable confirmatory tes ts. The 'narrow-zone' or­
ganisms shared many characteristics with B. ceretts 
and could not be separated from B. ce·re'lls on the 
basis of these biochemical tests. 

In 1961 Norris and Wolf ( 11 ) described a precipitin 
tes t that was purported to be species specific for 
members of the genus Bacill'lls . Formamide extracts 
were made of spores of 13 strains of wide zone or­
ganisms and 6 strains of 'narrow-zone' organisms. 
Each extract was then tested in Oudin tubes against 
the globulin fraction of serum prepared against auto­
claved spores of B . cereus T. In initial h·ials with 
both types of organisms three distinct bands of pre­
cipitate were formed. The strongest band appeared 
at the interface between the agar layers and weaker 
bands wne observed at the extremes of both the anti­
gen and globulin layers . Absorption of the globulin 
fraction with vegetative cells of B. cereus T resulted 
in elimination of the band i11 the antibody-containing 
layer. The two remaining bands were found in each 
trial where a positive reaction occurred, i. e. with 10 
of 13 and 4 of 6 strains of egg yolk-positive and 'nar­
row-zone' strains, respectively. These results indi­
cated that either (a.) the precipitin test was not speci­
fic for B. cereus, or (b) the 'narrow-zone' organisms 
wei·e indeed strains of B. cereus. In either event, the 
data showed that there was no single formamide ex­
tractable precipitinogen that was present in all sh·ains 
of B . cereus. 

DISCUSSION 

The incidence of B. cereus in the food products 
examined in this study was somewhat lower than the 

TABLE 2. CHAHACTERJSTlCS OF EGG YOLK POSITIVE (WIDE ZOKE 

FORi\llNC) AND 'NA<HHOW-ZONE' OHGANISi\fS JSOLATED 

FHOM FOOD PHODUCTS 

Characteri stic 

Hemolysis 
Gelatin hydrolysis 
Starch hydrolysis 
DNase production 
Growth at 49 C 
N0 3 reduction 
Growth on PEA Agar 
Crwoth in 7% NaCl 
Fermentation of glucose 
Casein hydrol ysis 
AMC production 

Egg ~·olk .l.>osit.i\·e 
organisms 

Xo. posilil'e/ 
No. tested 

Sensitivity to 201 phage 
Precipitin reaction with T sera 

51/51 
51 / 51 
29/ 51 
29/ 51 
15/ 51 
48/ 51 
42/ 51 
48/ 51 
48/ 51 
48/ 51 
47/ 51 
13/ 51 
10/13 

?\anow zone 
organisms 

1\o. positive/ 
Ko. tested 

0/ 52 
52/52 
49/ 52 
49/52 
52/ 52 
47/ 52 
52! 52 
52/ 52 
52/52 
52/52 
52/ 52 

0/ 52 
4/ 6 

47.8% incidence reported by Tygren (12) after his 
examination of 3888 samples of food products manu­
factured in Sweden. This difference could result 
from a difference in the sensitivity" of detection meth­
ods us e- d in the two studies. The lower limit of 
detection by the method employed in this inves tiga­
tion was 100 cells per gram compared to a sensitivity 
of 1 cell per gram by Nygren's method . The upper 
limit of contamination in the ·positive food samples 
examined in this study is in good agreement with 
that reported by Mossel et al. (9) and Nygren (12). 

This method of detecting B. cere'lls, i. e. surface 
plating on mannitol-egg yolk-polymyxin agar, employs 
fermentation of mannitol and production of a precip­
itate in the agar as the differential principle. For­
mation of this precipitate is usually attributed to the 
action of lecithinase produced b y the B. cereus or­
ganism. However, in the absence of a direct test for 
the presence of phosphorylcholine, the role of leci­
thinase in the formation of the precipitate cannot b e 
es tablished with certainty. Kushner (7) reported that 
B. cercus produced factors other than lecithinase that 
would cause turbidity to develop in egg-yolk broth. 
\Ve have received six cultures of lecithinase-negative 
B. cere'Us from Dr. H . D eBarjac, and observed that 
each strain produced a zone of precipitate on the me­
cHum of Mossel et al. (9 ). For this reason, we prefer 
to designate the wide-zone organisms as egg yolk -
positive rather than lecithinase-positive. 

Since there are other species of Bacill'lls that are 
also egg yolk-positive, i.e. B. cereus var. myco-ides 
Bacillus anthmcis, Bacillus thwingiensis and Bacillus 
lat:erosporus, the presence of a zone of precipitate sur­
rounding a colony on the 1viYP medium is not suffi­
cient evidence to confirm that the colony is B. cereus. 
Reaction of the various colonies on mannitol is most 
often impossible to ascertain due to masking of non­
fermentative colonies by the acid generated by prox­
imal actively fermenting colonies. For these reasons, 
this method must be considered as a presumptive tes t 
and suspicious colonies should be tested further be­
fore a precise identifica tion is possible. 

These observations led to the assessment of various 
tes ts commonly employed to characterize B. cereus. 
Unfortunately, most of the presumably definitive 
characters vvere found to be quite variable and not 
reliable for positive identification. These tes ts did 
point up some interesting information. First, none 
of the egg yolk-positive isolates failed to grow at 
37 C. Although the upper temperature limit for 
growth of B. cereus has been reported to be 48 C 
(2), 15 of 51 strains isolated in this study were able 
to grow at 49 C. Because of this, and the observation 
that egg yolk-positivity was readily apparent after 
24 hr incubation, we suggest that the time and tem­
perature of incubating the plates be changed from 

, 
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the 32 C - 4S hr advocated by :tviossel et al. (9) to 35-
37 C - 24 hr. Such a change would not only acceler­
ate the test but also would lessen the difficulty en­
countered with the 'narrow-zone' organism that oc­
curs when plates are examined at 42 hr. 

The 201 phage reported by Smith et al. (14) to be 
specific for and lyse all strains of B. ceTeus was in­
active against 36 of 51 egg yolk-positive isolates. It 
would seem that this phage is more strain specific 
than sp ecies specific. 

In toto, the biochemical characteristics tested were 
not adequate either to prove that the egg yolk-positive 
cultures were B. cereus, or that the 'narrow-zone' 
organisms were not. Differentiation of the 'narrow­
zone' organisms from B. cereus was accomplished in 
this study by demonstrating that the width of the 
vegetative cells of the 'narrow-zone' organisms was 
never equal to or greater than 0.9 11-m (14). These 
organisms, vvith two exceptions, were group I bacilli 
(i.e. sporangia not swollen), and may possibly have 
been Bac-illus UchenifoTmis or other common food 
contaminants. 

The precipitin test recommended by Norris and 
vVolf was evaluated as a confirmatory test for B. 
cereus. Antisera prepared against autoclaved spores 
of B. ceTeus T failed to provide definitive confirma­
tion of isolates as B. cereus for reasons of specificity 
and sensitivity. Three of the wide-zone organisms 
fail ed to react with these sera while four 'narrow­
zone' forming organisms showed a positive reaction. 
Thus is app ears that spores of B. cereus T do not 
possess a formamide extractable antigen that is com­
mon to all egg yolk-positive B. ce·reus strains and that 
at least one precipitinogen is shared with species other 
than B. cereus. Recent investigations in this lab­
oratory employing fluorescent staining of exosporium 
material have indicated that this approach may yield 
the desired sensitivity and specificity. These data 
are preliminary in nature and further evaluation is 
necessary. 

It is apparent that contamination of food products 
by B. ceTeus is not uncommon. The foods examined 
in this sh1dy were by necessity limited in variety and 
·number. It is quite probable that other types of food 
products, e.g. poultry and meats, have an incidence 
of contamination greater than reported here for dried 
foods. This possibility receives considerable support 
from the data reported by Ormay and Novotny (13) 
that meat and meat dishes were responsible for 53.8% 
of the B. cereus outbreaks that occurred in Hungary 
o.ver an 8-year period. It would appear that more 
work on not only -the incidence of B. cereus but also 
some of the properties of the organism and its me­
chanism of pathogenicity is warranted. 

It is also quite probable that the mild nature of 
B. ceretts poisoning (symptoms rarely last longer than 

12 hr and nQ fatalities have b een reported) has con­
tributed to the lack of attention that study of this 
type of food poisoning has received. Since B. ceTeus 
is not shed in large numbers in the feces of affected 
persons, and b ecause examination of food vehicles for 
B. cereus is not a routine practice, it is not surprising 
that more outbreaks of this typ e of food poisoning 
have not b een recorded. Nonetheless, it is not pru­
dent to ignore this organism as a casual-agent in food 
poisoning cases, particularly, when there exists a 
simple and rapid presumptive detection procedure. 
It would not b e surprising if the number of food 
poisoning outbreaks listed as 'etiology unknown' were 
to diminish after the incorporation of" quantitative 
B. cereus determinations in the routine · analysis of 
suspect food vehichles by the various investigating 
agencies. 
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ABSTRACT 

Addition of 100 ppm of malathion or trichlorfon had little 
effect on lactic acid production in reconstituted non-fat dry 
milk by Streptococus diacet-ilactis or Streptococus themwphilus. 

Variation in cell size of Stmptococus cremoTis 3, Stmptococ­
cus lactis vV 8 and several strains of S. thermophilus occur­
reel following r epeated transfers in lib11us milk to which 
100 ppm of malathion or 500 ppm trichlorfon had been 
added. The LactobaciUus bulgaricl!s A culture, after 15 serial 
transfers in litmus milk containing 500 ppm of trichlorfon, 
exhibited increased frequency of chain formation and cell 
structure 30 to 50 I' long with few visible cross walls. A 
similar effect was observed with L. b·u.lgaTiCliS A and L. btll­
garicus GA after repeated transfers in libnus milk which con­
tained 100 ppm malathion. Oue of five strains of L. casei 
studied showed similar changes in morphology after repeated 
transfers in lihnus milk which contained 100 ppm malathion. 
Adding 500 ppm trichlorfon produced a lesser effect. Changes 
in morphology of this strain of L. casei were not pennanent 
since cells resumed their · usual appearance following three 
to five transfers in plain lim1us milk. 

Research on the influence of insecticides on micro­
organisms has been concerned primarily with the ef­
fect of such residues on soil microorganisms and has 
shown that, in general, such organisms are not great­
ly affected (1, 3, 5, 7, 8, 11, 15, 16, 17', 18). Although 
some concern has been expressed about the effect of 
insecticides on cultures used to manufacture dairy 
foods , little research has been published in this area. 
Kim and Hannon (10) reported that dieldrin and 
heptachlor, when added to whole, sterile milk in con­
centrations of < 0.01 to 100 parts per million (ppm), 
had little -oy no effect on growth or fermentation 
characteristics of certain sh·ains of Streptococcus lac­
tis, Streptococcus cremo1"is, Streptococcus diacetUactis, 
and Lactobac-illus case·i. A similar lack of effect was 
found when milk containing < 0.1 to 100 ppm of 
methoxychlor or malathion was inoculated with S. 
lactis or L. casei and incubated 48 hr at 32 C. Brad­
ley and Li ( 4) found, however, that dieldrin, in a 
concenh·ation of 2.15 to 2.37 ppm/g milk fat in 
cheese milk, reduced acid development by a com­
mercial mixed sh·ain culture during the manufacture 
of Cheddar cheese. These investigators also reported 
that S. lactis, S. cremo1"is, and S. diacetilactis pro-

'Journal Paper No. JA438 of the Wyoming Agricultural Ex­
periment Station, Laramie, \'Vyoming. Project No. 930. 
2Present address : Fort Dodge Laboratories, Fort Dodge, Iowa. 

dtlCed less acid in milk containing dieldrin than in 
milk free of this insecticide. 

Although the organophosphates generally are not 
found in milk, they can gain access through post milk­
ing contamination and both malathion and trichlorfon 
have been detected in the milk of dairy cows exposed 
to these insecticides (2, 6, 9 ). 

The purpose of tllis study was to determine if ma­
lathion or h'ichlorfon affect growth characteristics of 
some lactic culture organisms used in tl1e dairy in­
dush-y. 

MATERIALS AND METHODS 

The lac tic cultures used in this study included S. cremoris, 
S. d·iacetilactis, S. lactis, Streptococus thm·mophilus, Lacto­
bacillus bulgaricus, and L . casei. Sources of the cultures 
studied are given in Table 1. All cultures were maintained in 
plain litmus milk as a control medium. Libnus milk to which 
100 ppm malathion\ 100 ppm trichlorfon2 or 500 tri­
chlorfon had been added prior to being heat sterilized at 12 
lb/ in2 for 12 min was used as a growth medium. Preliminary 
experiments indicated that lesser an1ounts of these two pesti­
cides had no effect on the organisms used. To minimize the 
effect of heat on these insecticides (12, 14), lihllus milk also 
wa£ prepared and the pesticides added as an ethanol solution 
to the previously sterilized milk. The final concentration of 
alcohol was 1%, a concentration Kim and Harmon reported 
as having no effect on the lactic cultures used in their study 
(10). Serial transfers of tha cultures, using a 1% inoculum, 
were made at 24 to 48 hr intervals for a total of 25-30 
transfers. Control tubes of litmus milk with no added in­
secticide also were inoculated at each transfer period. Tubes 
were incubated at an appropriate t emperature ( 32 or 37 C) 
and, upon coagulation of milk, were stored at 4 C until the 
mbsequent transfer. Gram-stained preparations were made 
of the initial stock culture and at every fifth subsequent trans­
fer to determine any changes that occurred in morphology. 

The effect of malathion and trichlorfon on the rate of acid 
production by S. diacetilactis and S. thernwphiltls in plain, 
reconstituted, nonfat dry milk ( NFDM) also was studied, by 
determining change in pH. The trichlorfon ( 10 ppm) was 
added to the sterile reconstituted NFDM ( 10% solids). The 
medium containing malathion was prepared by dissolving the 
NFDM in water containing 100 ppm malathion, followed by 
heat sterilization . Reconstituted NFDM, without added in­
secticides, was used as a control medium. These media were 

'Liquid malathion, 99.5% pure, from American Cyanamide 
Company, Agricultmal Division, Princeton, New Jersey. 
2Crystalline trichlorfon, 99% pure, from Chemgro Corporation, 
Kansas City, Missouri . 

, 
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TABLE 1. SOURCES OF LACTIC CULTURE STRAINS STUDIED. 

Strain 
Organi sm designation Source 

S. cmm.oris 3 Oregon State University 
S. lactis ,~, 8 Purdue University 
S. diacetilactis Chr. H ansen's Laboratories 
S. thermophilus 5 Purdue University 
S. therrnophUus B Chr. Hansen's Laboratories 
S. thermophilus F Chr. Hansen's Laboratories 
S. thermophilus GH Chr. Hansen's Laboratories 
S. thermophilus c 3 Oregon State University 
S. therm.ophilus RS 1 North Carolina State University 
L. bulgaricus A Chr. Hansen's Laboratories 
L . bulgal'ictts GA Oregon State University 
L . bulgaTiCttS B Purdue University 
L. bulga:ricus c University of '~' isconsin 
L . casei A University of ' •Visconsin 
L. casei B Chr. Hansen's Laboratories 
L . casei c Michigan State University 
L. casei ATCC 334 Oregon State University 
L . casei ATCC 393 Oregon Sta te University 

prepared in flasks and inoculated wi th 1% or 10% active cul­
tures of S. cliacetilactis or S. thermophilus and incubated at 
32 and 45 C, respectively. The pH of the contents of each 
flask was determined at 30 min intervals for the first 10 hr 
and then a fina l pH cletennination was made after 24 hr of 
in cubation. 

1\ESULTS Ai'iD DISCUSSION 

The lactic cultures employed showed a varied re­
sponse to the presence of organophosphate insecti­
cides depending upon the insecticide and its concen­
h·ation, the solvent, and the culture strain used . 

Rate of acid production in reconstituted milk, as\ 
measured by change in pH, by cultures of S. dia­
cetilactis or S. thennophilus was not materially af-

; fected by the presence of either malathion or trichlor­
fon in the concentrations used. Tables 2 and 3 pre­
sent data represen tative of those obtain ed in the trials 
conducted. 

During the first homs of incubation. acid pro­
duction occurred at a slower rate following a 1% in­
oculum than with a 10% inoculum , particularly with 
S. diacetilactis. The difference in pH was less ap­
parent after 10 hr incubation and was negligible, in 
most instances, after 24 hr incubation. Any reduction 
in the rate of pH caused by the presence of these two 
insecticides was most evident wi th S. thennoph ilus 
during the period of most rapid acid development, 
namely from the fourth to the tenth hour of incuba­
tion. Malathion;' at a level of 100 ppm, prolonged 
but slightly tl1e !ime required to coagulate milk by 
S. thermophilus B .when a 1% inoculum was used. No 
consistent increase in coagulation time was observed 
when a 10% inoculum was used or 100 ppm h·ichlor­
fon was added . Because any differences noted in 
acid production by these two cultures were small and 

TABLE 2. EFFECT OF ADDED INSECTICIDE ON CHANGES IN PH 
IN RECONSTITUTED SKIM MILK1 INOCULATED WITH S. diacetilactis. 

Jncuba.Uon 100 jljlDI 100 jljlDI 

t ime (hr ) Control mnlath4on t rlchlomn 
at 32 C Ko insecticide a dded added 

Inoculum lerel Inoculum leYel Inoculum level 
1% 10% l % 10% 1% 10% -------

(pH) 

0 6.75 6.30 6.70 6.29 6.70 6.31 
1 6.59 6.19 6.51 6.15 6.55 6.15 
2 6.51 5.95 6.50 5.99 6.50 5.95 
3 6.39 5.65 6.39 5.71 6.39· 5.69 
4 6.11 5.35 6.15 5.40 6.10 5.35 
5 5.85 5.09 5.91 5.11 5.81 5.10 
6 5.50 4.85 5.55 4.90 5.50 4.85 
7 5.30 4.71 5.40 4.75 •' 5.25 4.71 
8 5.00 4.65 5.11 4.65 5.00 4.65 
9 4.80 4.61 4.90 4.61 4.79 4.60 

10 4.65 4.59 4.75 4.55 4.70 4.60 
24 4.30 4.35 4.31 4.35 4.31 4.31 

'10% solids 

TABLE 3. EFFECT' OF ADDED INSECTICIDE ON CHANGES IN PH IN 

IlECONSTin.iTED SKIM M ILK1 INOCULATED WITH 

S. thermophilus B. 

100 ppm 100 ppm 
Control malathion trichlorfon 

I11 cu bati on :\o insecticide added added 
t tme (h r) lnoculum le,·el Inocul um le,·el Inoculum level 
at 45 C 1% 10 % l % 10% 1% 10 % 

(pH ) 
0 6.55 6.31 6.52 6.22 6.55 6.31 
1 6.50 6.29 6.50 6.21 6.50 6.29 
2 6.49 6.10 6.49 6.05 6.48 6.10 
3 6.25 5.92 6.30 6.00 6.25 5.90 
4 6.10 5.62 6.25 5.65 6.05 5.70 
5 5.70 5.41 5.85 5.45 5.80 5.50 
6 5.49 5.31 5.62 5.38 5.59 5.40 
7 5.29 5.15 5.41 5.20 5.32 5.22 
8 5.15 5.10 5.29 5.12 5.21 5.15 
9 5.01 5.00 5 .15 5.01 5.10 5.02 

10 4.95 4.95 5.01 5.00 5.05 5.00 
24 4.45 4.60 4.65 4.62 4.60 4.60 

' 10% solids 

previous investigators (1 0) found little or no effect 
of malathion on acid production of lactic cultures; no 
other cultures were used in this phase of the study. 

\Vhen grown in the presence of malathion or tri­
chl orfo n, S. cliacetilactis showed little or no consistent 
changes in morphology or chaining characteristics. 
As shown in Table 4, twenty-five consecutive trans­
fers in litmus milk which contained 100 ppm malatl1-
ion or 500 ppm trichlorfon produced no consistent 
change in the morphology of this culture. No great 
or consistent changes were noted with the other strep­
tococci studied although variations in cell size oc­
curred. 

Following 25 to 30 transfers in litmus milk with 
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100 ppm added malathion, individual cells of S. 

cremoris 3 averaged 0.4 - 0.5 fL in diameter , somewhat 

smaller than cells in the control milk which ranged 

frqm 0.5 - 0.7 fL in diameter. A similar effect on S. 

lactis \11,1 8 was found . The cells, slightly elongated , 

were 0.8 fL wide in the control medium but varied 

from 0.6 - 0.8 fL wide wh en grown in the presence of 

malathion. Trichl orfon produced no morphological 

changes in S. cremoris 3 but was slightly inhibitory 

to growth after 15 serial transfers. Streptococcus 

I 

Figure l. Lactobacillus casei A grown in plain litmus 

milk. ( Head of arrow 10 1-' long, shaft 5 11: long). 

Figure 2. Lactobacillus casei A grown for 10 transfers in 

litmus milk with 100 ppm malathion added before steriliza tion. 

F igure 3. Lactobacillus casei A after 30 transfers in litmus 

milk with 100 ppm mala thion added before sterilization . 

Figure 4. Lactobacillus casei A after 25 transfers in litmus 

milk with 500 ppm trichlorfon added before steriliza tion. 

lactis \ V 8 evidenced more variation in cell size w ith 

cells measuring from 0.6 fL to 1 fL in width following 

repeated transfers in litmus milk with added tri­
chlorfon. 

As shown in Table 4, small differences in cell size, 

were observed among th e strains of S. thermophilus 

grown in litmus milk containing malathion or trichlor­

fon. Cells of strains 5, F, and GH appeared smaller 

after culturing in milk with malathion than when 

grown in pesticide-free milk Cells of strains C 3 

and RS 1, under the same conditions, appeared larg-

, 

, 
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er in some, though not all, stained preparations . These . 
same strains of S. t;herm ophilus, when grown in the 
presence of trichlorfon, showed, with some exceptions, 
effects similar to those induced by malathion. Strain 
B did produce longer chains of cells following the 
tenth consecutive transfer in litmus milk containi11g 
trichlorfon, an effect not noted with malathion. It 
also was observed that addin g these insecticides as an 

F igure 5. Lactouacillus casei. A after 15 transfers in lihnus 
milk wi th 500 ppm trichlorfon add ed as an alcoholic solution 
after milk was sterlized . 

F igure 6. Lactolwcillus casei A after 15 transfers in litmus 
milk with 100 ppm ma lathion added as au alcoholic solution 
after milk was sterilized. 

alcoholic solution to previously sterilized litmus milk 
rather than as m1 aqueous solution prior to h ea t 
sterilization, did not increase the effect of the in­
secticide on the morphology of the strains of S. 
thcrmophilus grown in such litmus milk. 

Th e four strains of L. bulgaricus did not undergo 
similar changes in morphology when grown in litmus 
containing 100 ppm malathion or 500 ppm trichlor­
fon added prior to hea t sterilization : As indicated 

F igure 7. Lactobacillus. casei A after 15 transfers in litmus 
milk with 1% eth yl alcohol added afte r milk was sterilized. 

.": .. 

Figure 8. Lactobacillus casei A after 3 transfers in plain 
litmus milk following 30 transfers in litmus m ilk with 100 
ppm malathion added before sterilization . 
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Organism 

S. diacetilactis 
S. lactis 

S. cremori.s 

S. thermophiltts 

TABLE 4. EFFECT OF INSECTICIDES M ALATHION AND TRICHLORFON ON MORP H OL OGY 

OF SELECTED LACTIC STREPTOCOCCI GR OWN I N LIT1viUS M ILK. 

T emp. of N o. of 
incui.Jation serial 

Strain (C ) transfers 

32 30 
w 8 32 30 

3 32 30 

5 37 30 

B 37 30 

F 37 26 

CH 37 26 

c 3 37 25 

RS 1 37 25 

Effects noted with insecticide · 

Malathion! 

o definite effect. 
Cells appear smaller at 30th 
transfer . 
Cells appear smaller at 25th 
and 30th transfer. 
Smaller cells noted from 5th 
t r a n s f e r on . Increased 
chaining seen after 30th 
transfer. 
L ittle consistent effect. 

Smaller c€lls noted from 
1Oth transfer on. 
Decreased cell size observ­
ed from 5th transfer on. 
Oc;,casdonally long chains of 
cells seen . 
Increase in cell size noted 
from lOth to 25th transfer. 

Little effect noted until 
25th transfer when larger 
cell size was apparent. 

'l'ri cJ-i lorfon2 

No definite effect. 
Presence of larger cells noted at 
25th and 30th transfer. 
No effect. Growth slightly in­
hibited from 15 - 30th transfer. 
Variation in cell size observed . 
Usually smaller cell than in con­
trol medium. 

Longer chains of cells observed 
from 12th transfer on. 
Smaller cells noted in most trans­
fers. 
Variation in cell size in the same 
chain of cells at 20th and 26th 
traasfer. 

Increase in cell size fonnd at lOth 
to 20th transfers-not seen at 25th 
transfer. 
Large cells fotmd at lOth and 
15th transfer-no effect noted at 
ZOth and 25th trarufer. 

1100 ppm malathion added to lib11us milk prior· to h eat sterili zation . 

2500 ppm trichlorfon add ed fo litmus milk prior to heat sterilization . 

Organism 

L . bu.lga.ricu.s 

L. casei 

T ABLE 5. EFFECT OF I N SECTICIDES MALATHION AND TRICHLORFON ON M ORPH OLOGY 

OF SELE CTED LACTOBACILLI CULTURES GROWN l'N LITJVIUS M lLK . 

Strain 

A 

CA 
B 
c 
A 

B 
c 
ATCC 334 
ATCC 393 

'Jlemp. of 
incubation 

(C ) 

37 

37 
37 
37 
3Z 

32 
32 
32 
32 

l):o . of 
seria l 

·b'ansfers 

30 

30 
27 
25 
25 

20 
25 
20 
20 

Effects notect with in secticide 
Malathlon 1 Trk hlorfon 2 

Longer ch ains of cells at 30th 
transfer. 
Inconsistent variations in cell 
size. 

To consistent effect . 
No definite effect. 
Increased numbers of chains 
of cells. Long chains of cells 
fl t lOth and subsequent trans­
fer. 
No definite effect. 
No defil1ite effect. 
1 o definite effect. 
No consistent effect. 

Inconsistent variation in cell size. 

1'\o definite effect. 

No definite effect. 
No definite effect. 
Increased number of chains of 
cells at 20th and 25th traNsfer. 
Less effect than with malathion. 

No definite effec t. 
No definite effect. 
[';o definite effect. 
No consistent effect. 

' 100 ppm malathion added to litmus milk prior to heat sterilization . 
2500 ppm trichlorfon added to litmus milk prior to heat stetiliza tion. 

in Table 5, culturing L. bttlgal'icv s A in the litmus 
milk containing h·ichlorfon for 15 transfers or more 
resulted in a greater variation in cell size than was 
observed in insecticide-free milk. This effect was 
not noted with the other three strains of L. bulgaricvs. 
Cell structures 30 to > 50 fl.. long resembling long 

chains of cells , but with few or no clearly defined 
"septae" or cross walls were observed after 30 serial 
transfers of L. bulgaricus A in litmus milk plus ma­
lathion. Similar sh·u ctures, 20 to 30 11- long, also were 
seen in the L. bulgaricus GA culture followiNg the 
15th and 20th serial transfer in this same medium . 

, 
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Four of the five strains of L . casei, namely B, C, 

ATCC No. 334, and ATCC 393 showed no consistent 

changes in morphology when grown in litmus milk 

which contained either 100 ppm malathion or 500 

ppm b'ichlorfon added as aqueous solutions prior to 

heat sterilization. W ith these strains the individual 

cells making uo the chains of organisms usually were 

distinct with the "septae" easily visible. 

The greatest effect on morphology was noted with 

L casei A. In litmus milk used as a conh·ol medium 

this organism occurred primarily as a single cell 

measuring 0.7 to 0.8 J.L wide and 2.5 to 3 1-t long as 

shown in Fig. 1. Cells in pairs and a few short chains 

of cells 10 to 15 f..L were seen. When this culture was 

grown in litmus milk which contained 100 porn ma­

lathion. an increase in length and incidence of chain 

formation was noted. as pictured in Fig. 2 and 3. 

Chains 15 to 30 f..L long were observed by the 5th 

to lOth transfer and after 15 to 20 h·ansfers chains 

30 u long or longer with indistinct "seotae" or cross 

walls were found. The greatest change in appear­

ance was represented by "chains" or structures 50 

to 100 f..L in length with few "septae" or cross walls 

visible. Growth of this culture in litmus milk con­

taining 500 -ppm trichlorfon resulted in increased 

chaining, but the effect was less pronounced even 

after 25 b·ansfers, as shown in Fig. 4, than that ob­

served with malathion. 

It has h Pen reported (13) that malathion could be 

isomerized bv heat and the resulting isomalathion was 

a stronger inhibitor than malathion of human serum 

and erythrocyte cholinesterase. If an isomer of ma­

lathion was produced in the litmus milk prepared by 

adding malathion prior to heat ste1ilization either the 

isomer or the unconverted malathion may have caused 

the morphological changes which were found, to 

varying degrees, with some of the sh·ains of lactic 

cultures used in this study. Malathion and h·ichlor­

fon were dissolved in ethyl alcohol and added to the 

previously sterilized milk used as the growth medium 

for L. casei A. As shown in Fig. 5, the addition of 

h·ichlorfon in this manner increased the effect of this 

insecticide and resulted in increased cell size and 

longer chains of cells after fewer transfers than when 

the trichlorfon was added to litmus milk prior to ster­

ilization of the medium. This increased effect was 

not found with malathion (Fig. 6 ). The addition of 

I% ethyl alcohol to litmus milk to serve as conh·ol 

medium resulted in an increase in cell size of L. case·i 

A but had no appreciable influence on chain length 

(Fig. 7). 

Changes observed in morphology and chaining 

pattern of L. casei A were not permanent since three 

subsequent serial h·ansfers in insecticide-free litmus 

milk resulted in formation of cells similar in appear-

ance to those of the conb·ol culture grown in plain 

litmus for 25 to 30 transfers (Fig. 8). 

It would appear from results of this study that the 

insecticides malathion and trichlorfon when added 

to milk in concenh·ations of 100 ppm and 500 ppm, 

respectively, had little or no consistent effect on the 

growth or morphology of the streptococus cultures 

employed. Some effect, particularly upon chain for­

mation, on L. casei and L. bulga.1·icus, was noted. The 

degree of change in these latter organisms was de­

pendent upon the culture strain and the insecticide 

used, and the insecticide levels required to induce 

such changes was far above those previously reported 

as having been found in milk. 
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ISM ANNOUNCES ITS NEW /{SCHOOL OF 
ENVIRONMENTAL SANITATION 

MANAGEMENT" 
The Institute of Sanitation Nlanagement is pleased 

to announce the development of its School of En­
vironmental Sanitation Management at the Univer­
sity of Illinois, Champaign-Urbana. A bold, new 
step forward in IS 1's continuing education and 
career development efforts , this four-year program 
presents an opportunity for managers of environ­
mental sanitation to enter and continue an academic 
program which has been specifically developed and 
tailored to improve their managerial and technical 
skills and knowledge. Conducted by the Bureau of 
Business Management of the College of Commerce 
and Business Administration, Division of University 
Extension, in cooperation with ISM, the School will 

run one week each year; the first year's curricula 
being presented from February 28 to March 5, 1971. 
The following year ( 1972 ), the First and Second 
Year Program will be presented, with the Third and 
Fourth Year Program being added in 1973 and 1974 
respectively. 

Those participants completing the first year's pro­
gram will th r: n be eligible for the second year; those 1 
completing the second year go on to the third, and 
so on, so that at the end of four years he or she will 
have had a concentrated academic course in En­
vironmental Sanitation :tvlanagement-one which will 
provide much of the essential matter necessary to 
meet this decade's growing demands on the ·work 
Environment. 

HOW TO DELUDE THE PUBLIC! 

An editorial under the title '· on-Science" in th e British 
"Review of Nutrition and Food Science" conun ents as fol­
IO\.' s: 

"If the public took much notice of tl_a e newspapers they 
might be seriously worri ed about their food. After sev­
eral years of doubts, warnings and scares coverin g ah11ost 
every aspect of life, cyclamate, certain pesticides and sodium 
glutamate were withdrawn in rapid succession . 
" Legitimate doubts ::mel WfU"nings are one matter but from 
tim e to time a scaremonger reaches the h eadlines through 
sheer nonsense. For example, a recent report from Al11erica 
stated that yogurt causes cataracts in rats, with th e obvi­
ous suggestion that it 'inight do the same for man. 
"The ba~is . of the story was a piece of sh eer nonsense­
a 'scientist' had fed rats on nothin g but yogurt . Other 
'scientists' have damned skim milk powder because when 
fed to rats as their sole food tl1ey died . 
"It has often been pointed out tl1at if animals are feel 
excessive doses of water or even vitamins tl1ey, too, will 
die. Ce1tainly any incomplete diet must, by definition, 
cause h arm. 
"The public arc not in a position to make a judgment but 
fortunately they remember little of what th ey read in tl1e 
newspapers." 
Lest it be thought that it is only lay reporters and broad­

casters who are responsible for misleading the public with 
respect to alleged hazards of food and environmental ch em­
icals, h ere are some rules that appear to be followed by 
scientists who are somewhat less tl1an objective in designing 
and drawin g conclusions from anin1al experiments: 

Rule 1.-Give heroic doses. 

The results of animal tes ts are applied to man, so play it 
safe. D etermine the effects of massive closes and conclude 
that ordinary use levels may have the same effect in man, 
only it may take longer or may not be recognized as causall y 
related. 

Rule 2.-Inject, instead of feed . 
Ignore the factors involved in oral administration, such as 

rate and extent of absorption , gastrointestinal changes, sys­
temic biotransformation s, blood and tissue levels, and the 
nonnal excretory routes . Instead pump a large close under 
the skin or into the muscle, vein , or abdomen of an animal 
(one will do ) . Then conclude that the effect observed may 
occur in women who are-or who may not know they are­
pregnant. 

Rule 3.-Dose fasting animals. 
To get bes t results give large doses of the chemical sub­

stance to animals on an empty stomach . Forget the fact that 
in nom1al use, food chemicals are consumed in food, and 
generally in only low concen tration. ( By following this 
rule, common salt will be found to be more lethal than most 
additives.) 

Rule 4.-Feecl a single food as the total diet. 
Disregard tl1e fact that animals, just like peop le, need 

balanced diets with adequate proteins, calories, vitamins, 
minerals, etc. See how far th ey can get on on ly a single 
food regardless of how nutTitionally incomplete it may b e. 
Never mind tl1at tl1e only single complete food that nature 
has provided is breast milk for infants, and that ordinary 
bread or milk (or yogmt) will not sustain norma l health 
without added supplementation. 
Reprinted: from Food and Drug Research . 
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MICROBIOLOGY OF POULTRY PRODUCTS'·· 
A. A. KRAFT 

Departm ent of Food T echnology 
Iowa State University, Ames, Iowa 50010 

ABSTI\ACT 

Changes in poultry processing and marketing over th e past 

few decades have resulted in production of many convenience 

food items. These products are subjected to much handling 

and require that strict attention be given to _sanitation mea­

sures. 
Many types of microorganisms are present on poultry prod­

ucts as a result of contamination from feathers, feet, .and in­

testinal contents of the birds. Equipment and personnel on 

processing lines also contribute to the spread of bacteria. 

The bacterial flora may be significant in causing spoilage, 

or may represent a public h ealth hazard unless controlled by 

proper sanitation and cooking or low temperature. Trends in 

bacterial munbers during processing vary with different plant 

practices and the adequacy of plant sanitation ; examples of 

these differences are described. Several investigations are 

reviewed on microorganisms present on poultry from the farm 

through the finish ed product, including retail store practices. 

Sources and control of salmonellae and other potential patho­

gens are discussed . 

Per capita consumption of poulb:y meat in the 

United States is probably greater than in any other 

counb·y. Research has pr®duced great improvements 

in breeding, nutrition, disease control, management, 

and processing. Within the past 35 to 40 years, the 

result has been an increase in consumption from about 

12 lb. of poultry meat per capita per year to more 

than 40 lb. per capita. The broiler industry, which 

produces meat in about 8 weeks, has experienced 

i b·emendous growth, but turkey production also has 

had a marked increase. Along with these advances 

in production, poulb·y processing into various types 

of consumer products has followed similar trends. 

Large scale commercial processing of poultry has de­

manded that greater attention be given to plant sani­

tation and wholesomeness of the products . If we 

compare the poulh·y processing industry today with 

that of a few decades ago, we note that many rather 

drastic changes have occurred . Formerly, poulh·y 

was shipped to consuming areas as "New York dress­

ed," with only the blood and feathers removed, cu1' 

the head, feet, and viscera remaining with the car­

cass (19). Today, carcasses are eviscerated, cut up, 

'Jt>umal Paper o. J~6685 of the Iowa Agricultme and Home 

Economics Experimen~ Station, Ames, Project 1749. Center for 

Agriculture and E conomic Development, cooperating. 

'Presented at the 57th Arumal Meeting of the International 

Association of Milk, Food, and Environmental Sanitarians, 

Cedar Rapids, Iowa, August 17-20, 1910. 

packaged, and, in some instances, made into further 

processed convenience items. Poulh·y i·olls, roasts, 

logs, steaks, and segments receive considerable hand­

ling. Cooked boned poultry meat may present an 

additional source of contamination if h·eated improp­

erly during its production. Products such . .as frozen 

pies, poultry stuffing, and sala~s all are. potential 

sources of excessive microorganisms. The greater the 

amount of handling and processing, the greater the 

possibility of contamination with pathogens and spoil­

age organisms. H ence, the increased emphasis on 

conhol by adequate sanitation procedures in process­

ing plants . Processing methods, including actual line 

operations and cp.oking, as well as freezing and stor­

age conditions, have been the subjects of many ,in­

vestigations by research workers and examination ·by 

the federal government (2). 

T YPES OF B ACTERI A ON PROCESSED PouLTRY 

Several surveys have been made of microorganisms 

in processing plants, and on processed poulhy at the 

plant ·and retail levels. These investigations have 

provided much worthwhile information on numbers 

and types of organisms. Table llists types of bacteria 

that have b een isolated from processed poultry by 

various workers. There are 24 different genera given 

here and probably more could be listed on fur ther 

TABLE l. GENERA OF BACTERIA ISOLATED FROM POULTRY 

In vesti- Investi-
Genus gators Genus gators 

Pseudomonas .... Fla:vobacterittm 

l Alcal-igenes Pamcolobactrttm 1, 2 

Achromobacter Microbacterium 

Esche-richia St-reptomyces 

Aembacter Haemophilus 

Pmteus 1, 2, 3 Gaffkya 

1 
1 

Salmonella Neisseria 

Micrococcus Actinomyce.s 

Staphylococcus Streptococcus 2, 3 

Sarcina 

I B·rev·ibacterium l Corynebacterium 

Bacillus J 
Arthmbacter r 3 

LactobacilLus J 
'Gunderson, M. F. , K. D. Rose, and M. J. H enn. (13) 
2Ayres, J . C., W. S. Ogilvy, and G. \V. Stewart. (3) 

' Salzer, R. H ., A. A. Kraft, and J. C. Ayres . (21) 
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examination of the literature. The significance of 
many of these types regarding public health or spoil­
age is known; no one can argue that the genus Sal­
nwnella has not b een in the limelight as a pathogen 
commonly found on poultry products. 11Iore recent­
ly, we've been hearing about Clostridiu1n perfTingens, 
one of the organisms that doesn't appear on the earlier 
list of Table 1, probably b ecause most investigators 
did not look for anaerobes. 

Microorganisms on poultry products may be classi­
fied as pathogenic, or at least potentially pathogenic, 
and non-pathogenic. Among non-pathogens, organ­
isms of importance are those that cause spoilage. In 
the list of genera given in Table 1, Pseudomonas is 
probably the most significant of the gram-negative 
non-spore forming rods associated with spoilage of 
poultry meat (1). At the time when spoilage be­
comes evident by off-odor and slime formation, these 
bacteria also may h ave produced a green fluorescent 
pigment visible under ultraviolet light. Their bio­
chemical activity also is demonstrated by changes in 
proteins and fats which lead to undesirable odors. 

The significance of numbers and types of the var­
ious organisms in relation to poultry products will be 
discussed in greater detail, but there are a few points 
that should first be recognized regarding public 
health hazard and sanitary quality. The list of genera 
applies only to bacteria from poultry that was not pro­
cessed beyond the carcass or cut-up stage. Certainly, 
the flora might b e expected to change with heat, 
freezing, drying, certain packaging methods, or with 
preparation of further-processed products. So it is 
important to know the type or stage of treatment of 
the product in attempting to interp.ret microbiological 
results ; this of course applies to all food products . 
Further, in considering the microbiology of poultry 
products, as these items finally reach the consumer, 
attention should not be focused on the processing 
plant alone. More significance should b e placed on 
producti9n methoq,s on the farm, retail store handling 
of products, and the ultimate use in the consumers' 
kitchen .' · 

B ACTEHIAL LoADS D umNG PROCESSING 

When w~ do consider bacterial numbers on poultry 
during processing, we may encounter appreciable 
variation in total counts. Gunderson et al. (12) re­
ported loads of about 4800 per em' on freshly killed , 
warm eviscerated chicken, and up to 60,000 per em' 
for ice-chilled birds eviscerated when cold. In a sur­
vey conducted in Iowa, Walker and Ayres (25) found 
about 1500 organisms per em' on the skin of live birds, 
and an increase to about 35,000 per em' on carcasses 
immediately after processing. The range of counts 
was 20.000 to 160,000 at the latter stage. This gen-
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Figure 1. Nwnbers of bacteria on the skin of chickens dur­
ing processing and in scald and chill waters (Walker and ' 
Ayres, 25). 

10 4 

"'· E 
u ... 103 
Q) 
a. 

"' E 
.!!! 
c 
0 
01 ... 

102 0 

ci 
z 

101 

10° 

2 

Stations 

I- Live bird 
2 -After pickinQ 
3- After sinQeinQ 
4 -After evisceratinQ 
5 -After f inal rinsinQ 

3 
Stations 

4 5 

Figure 2. Counts of bacteria from the skin of turkeys durin g 
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TABLE 2. RECOVERIES OF SALMONELLAE FROM FARM SOURCES' 

No. of No. % 
Sou rce sampl es positi\7 e positive 

Feed on 59 farms 97 9 9.3 
Feed ingredients 9 1 11.1 
Drinking water in troughs 29 12 41.5 
Droppings on fanns 34 23 67.6 
Droppings in coops on trucks 34 13 38.2 

'From Bryan et al. (4) 

era! increase in bacterial numbers during processing 
may b e noted in Fig. 1. The trend in counts differed 
from that of other workers who observed reductions 
dtuing processing operations (9, 12, 26). However, 
these differences may be related to efficiency of sani­
tation measures in the plants. For example, the re­
sults of Wilkerson et al. (26), shown in Fig. 2, indicate 
decreases in numbers of total aerobes, enterococci, 
and coliforms from the live bird to the carcass after 
rinsing. These data were gathered from only one 
turkey processing plant. The weather also played 
a role in loads of organisms on the live bird. Total 
numbers of organisms were higher during rainy or 
snowy weather than during dry days. In more re­
cent work (6), plant differences again were pointed 
out. Chilled eviscerated turkey carcasses in one 
plant yielded counts of about 500 to 900,000 total 
aerobes per em•, whereas in another plant the range 
was approximately 400 to 11,000,000. 

EFFECT OF PLANT PRACTICES ON B ACTERIAL NuMBERS 

Aside from differences in plant sanitation, vari­
ations in processing procedures among plants may 
cause differences in bacterial loads on the carcasses. 
Kotula et al. (16) observed that numbers of bacteria 
~n chickens and in the chill tanks increased during 
chilling for 6 hr in standard chill tanks with no agi­
tation. ' i\' hen a low-agitation continuous chiller was 
used, counts changed very little b efore and after 
chilling, but with a tumble-type, higher-agitation con­
tinuous chiller, counts decreased significantly. The 
manner in which the tumble type chiller was operated 

also made use of the greatest amount of fresh chilling 
medium, thus resulting in less contamination of car­
casses. A greater dilution effect then resulted in de­
creased bacterial numbers. 

With turkey giblets, Salzer et al. (21) found that 
the amount and rate of change of wash water in­
flu enced bacterial loads on the giblets. Washing de­
creased numbers of total aerobes and indicator bac­
teria at least ten-fold. R=sults for total aerol]ic counts 
expressed as percentage of samples having different 
bacterial loads are sho·wn in Fig. 3. In all four 
plants surveyed, washing caused a reduction of counts 
from the rangB of 10-1,000 organisms per em• of giblet 
surfaces down to 0-100 for the majority of samples. 
Beneficial effects of addition of water at~ .several 
stages in processing are rath er strikingly shown by 
a comparison of bacterial levels in Plants B and C. 
Both plants used flum ~-conveying of giblets from the 
evisceration station to the packaging location. The 
difference in operation was that in Plant B, water 
was introduced and . 9rained at three points on the 
flume, whereas in Plant C, only one change in water 
was employed. It is significant that when three' 
changes of water w~re used, none of the giblets had · 
counts greater than 100 organisms, but with only one 
addition of water, many samples still had bacterial 
numbers in the range of 100 to 10,000 per em'. Simi­
lar effects are docum=nted by other studies. For ex­
ample, Galton et al. (11 ) made only one isolation of 
Salmonella. from tables or trays containing edible 
viscera when running ''Vater was available at the 
tables, but 50 isolations were made in plants where the 
wash water was changed only when pans containing 
the edible viscera were filled. In the study of Salzer 
et al. (21), coagulase positive staphylococci were pres­
ent on 62 of 360 livers before washing, or 17%, and 
on only tluee after washing, or less than 1%. ·when 
240 giblets were sampled for Salmonella., 11 recoveries 
w::: re made from unwashed livers, and only tvw from 
washed livers. Undoubtedly, several other investi­
gations of a similar nature could be cited, but the 
point of all this discussion relates to adequate sani-

TABLE 3. lSOLATJONS OF SALMONELLAE AND STAPHYLOCOCCI DUlUNG PROCESSING OF TURKEYS 

Sn lm nnclla el Sta !l hyl ococci2 

No. of No. % No. of No. % 
P rocessing- stal!e samples positive positive samples positive pos itive 

After picking 46 29 63 21 11 46 

After washing 33 6 18 
After evisceration, 50 5 10 12 3 25 

wasl<ling, and 
spin-chilling 

After overnight 58 10 17 2') 10 50 
chilling 

'From Bryan et al. (4) 
2From da Silva (8) 
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F igure 3. Incidence of total aerobic bacteria on turkey g ib­
lets from four processing plants (Salzer et al., 21). 

tation and treatment of producj;, during processing in 
order to reduce potential health hazard and retard 
onset of spoilage. 

Sou RcEs OF BACTERI A ON PoULTRY MEAT 

Sources of contamination of poultry meat are the 
soil and filth on feathers and feet of live birds, since 
the p~·edominan.t organisms are similar to those found 
in soli and water, and intestinal contents of the birds 
(25). Other environmental influences affect bacterial 
loads on poultry meat during processing operations. 
Organisms which cause spoilage or food-borne disease, 
are either present at the time of slaughter or are in­
troduced to the product during processing by equip­
ment, cutting tools , plant personnel, or possibly air 
and water (2) contaminated with bacteria from some 
o.f the other sources mentioned. With this in mind, 
it is not difficult to understand that further processed 
products with excessive handling are liable to also 
become "further contaminated." 

Before going on to furth er processed poultry prod­
ucts, it may b e desirable to review some work on 
salmonellae and staphylococci, by expanding on the 

sources contributing to their 'presence on the prod­
ucts. Both types of bacteria are very important in 
public health ; the salmonellae situation with regard 
to poultry has been reviewed and emphasiz~d time 
and time again. In 1969, staphylococci were causative ~ 
agents of about 25% of the 37'0 outbreaks of all food 
borne diseases, including the Chinese restaurant syn- ;. 
drome. This vvas an increase of about 1% from 1968. 

1 

Salmonellae were responsible for approximately 13% 
of the outbreaks in 1969, and about 12.5% in 1968 . 
Of the total number of food borne disease outbreaks 
in 1969, salmonellosis from turkeys and chickens ac­
counted for 4.5%, and staphylococcus food poisoning 
outbreaks from these poultry items somewhat less than 
5% (24). These values represent a relatively small 
proportion of the total. Nevertheless, when one con­
siders the many different types of foods available, 
these percentages assume greater significance. It 
can be calculated that poultry meat was responsi~e 
for about one-third of the salmonellosis outbreaks, and 
about one-fifth of the staphylococcus outbreaks. 

In a survey of nine federally inspected chicken 
processing plants, Surkiewicz et al. (22) recovered 
salmonellae from about 20% of the carcasses after 
evisceration . However, Escherichia coli was isolated 
from every carcass sampled, possibly pointing up the 
over-efficiency of this organism as an indicator of 
contamination by salmonellae. 

Going on with a study conducted by Bryan et al. 
(4) to determine sources of salmonellae on turkey 
products, examinations were made of the farms sup­
plying the birds, including feed and h·ough water, 
turkeys and their droppings, beds of delivery trucks, 
and turkeys and equipment during processing. Re­
coveries of salmonellae isolated from farm environ­
ments are shown in Table 2. 'iVhen 97 samples of 
feed were taken from 59 farms supplying turkeys to 
the processing plant, salmonellae were found in 9 
samples of pre-mixed feed which came from 6 dif­
ferent mills . Drinking water in troughs on ranges 
and in brooder houses was positive for 12 of 29 
samples, and droppings in and around the b·oughs 
and feeders showed 23 positive samples fi.·om 34.. 
flocks. Samples of fresh droppings taken from de­
livery h·ucks harbored salmonellae from 13 of the 34 
flocks. On autopsy, 10 of 20 dead turkeys collected 
from the farms also had salmonellae present in their 

TABLE 4. SALMONELLAE ON CARCASSES AND RAW TURKEY 

PRODU=s EXAMINED l N TWO PHOCESSlNG PLANTS' 

No. or positive % 
Produ ct samples No . posltl\·e 

Carcasses 208 24 11.5 
Partiall y processed meat 49 8 16.3 
Finished uaw products 336 90 25.8 

'From Bryan et al. (5) 
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viscera. 
Table 3 shovvs h·ends in isolations of salmonellae 

and staphylococci during processing; the latter group 

of organisms were determined in another survey by 

da Silva (8) . These results are for turkeys after pick­

ing, up to the packaging operation, and obviously do 

not include all processing steps to that point. The 

greatest incidence of salmonellae occmred after feath­

er removal ( 63% positive); recoveries of salmonellae 

decreased after washing ( 18%), again showing the 

value of water. A fwther decrease to 10% occurred 

after evisceration, more washing, and spin chilling. 

After overnight chilling in tanks , the incidence in­

creased to about 17%. Occmrence of staphylococci 

showed similar h·ends but these organisms were gen­

erally present in a greater percentage of samples than 

were salmonellae. Chilling overnight in tanks in­

creased incidence of staphylococci on carcasses. 

Type of picking equipment was important in con­

tamination of carcasses with salmonellae and staphy­

lococci. Spiral automatic pickers evidently spread 

such contamination to a greater extEnt than other 

kinds of defeathering equipment As many as 12 of 

14 samplings ( 86%) taken from the spiral pi cker were 

contaminated with salmonellae in this plant; clean-up 

operations decreased the incidence to 2 of 12 samples 

( 16.5%). ' Vhen samples were taken of evisceration 

·'quipment, about 30% were positive for salmonellae 

md 50% for staphylococci. Much of the contami-

nation with staphylococci, in particular, was associated 

with the hands of workers. 

FuRTHER PROCESSED PRODUCTS 

Further processed poultry products are, as the 

term implies, items of poultry meat processed beyond 

the eviscerated carcass stage. These products may 

be as simple as "segments," which are merely pieces 

cut from the carcass, or may consist of boned meat 

fabricated into any of several other forms . Bryan 

eta!. (5) listed some turkey products as follows: cook­

ed, ready-to-eat rolls; uncooked, frozen rolls ; logs ; 

roasts; and steaks or patties. The processing plant 

work described earlier also included further processed 

turkey products, and the inves tigation involved 48 

visits to 2 processing plants over a period of 1.5 years. 

Tests for salmonellae were made on eviscerated chill­

ed carcasses or carcasses that had been previously 

frozen and then thawed before use, line samples of 

meat at various stages of processing, uncooked finish­

ed proqucts such as rolls and roasts, and equipment 

in1 contact with the meat. Results for frequency 

of salmonellae isolations in both plants are expressed 

as percentages of samples tested (Fig. 4). In all 

instances, more recoveries were made when meat 

used for preparing the products came from freshly 

killed turkeys after overnight chilling than from fro­

zen carcasses. These differences, although not statis­

tically significant, are still important in considering 

the use of fresh vs. frozen turkeys for further proc­

essing. Statistics do not necessarily cause food 

borne disease, but salmonellae do. Not only were 

the intermediate samples or the final uncooked prod­

uct more often contaminated with salmonellae, but 

the processing equipment was also. Certain items 

of equipment in further processing opel'ations pro­

vided relatively high incidence of salmonellae and 

staphylococci; these included work tables, scales, 

conveyors, knives, cutting boards, and pans. 

Data showing differences between carc.asses and 

meat during processing to finishe~ products. are given 

in Table 4. The greater number of recoveries of 

salmonellae from finished uncooked products was 

statistically significant at the 1% level compared with 

carcasses. Although differences in finish ed products 

between the two plants were also significant, for pur­

poses of comparison of carcasses and the products, 

the data have b~er1 combined here. · 

Salmonellae and staphylococci were present in raw 

hn·key products, but these organisms were not ie-
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covered from commercially cooked turkey rolls. Com­
mercial cooking operations, as practiced in the plants 
surveyed, were adequate to destroy the potential 
pathogens. According to regulations of the U. S. 
D eparb11ent of Agriculture (23 ), cured and smoked 
poultry rolls must be heated to an internal tempera­
ture of at least 68.3 C (155 F) and all other poultry 
rolls to at least 71.1 C ( 160 F). The findings that 
there is little likelil1ood of survival of these bacteria 
at such temperatures should be emphasized, and 
cooking procedures must be adequate to insure de­
·Struction. Presence of salmonellae after such heat 
treatment must logically indicate post-cooking con­
tamination. However, work reported by Kinner et 
al. (15) indicates that temperatures as high as 82 C 
( 180 F) may be necessary for des truction of coliforms 
and enterococci in the juice-spice mixtures used to 
manufacture Eastern-type turkey rolls . Later work 
reported by Mercuri et al. (18) showed that no sal­
monellae were recovered from cooked Eastern-type 
turkey rolls during storage for 30 days at 5 C. Bryan 
et al. (6) found no salmonellae on ·western-type rolls 
cooked in a ·water bath in one plant at 7 4 C ( 165 F) 
for 5.5 hr, or in another plant at 85 C ( 185 F) for 
4.5 hr. In earlier inves tigations , other workers con­
cluded that temperatures of 71.1 C (160 F) or 73.9 C 
( 165 F) were adequate, or at least minimum for 
safety of products such as roast hn·key (10), stuffing 
(7, 20), and turkey rolls (27). 

From the work that has been reported, it is evident 
that .salmonellae and staphylococci may be spread 
throughout processing operations, but that adequate 
heating will serve to destroy these Ql·ganisms. It is 
possible that in the future, more attention will be 
given to cooking a· greater variety of products in the 
plant, rather than depending on low temperature 
alone to control these pathogens. 

' CLOSTRIDlUM PERFHI TGENS 

An organi's'm that was mentioned earlier as becom­
ing more prominent in food-borne disease is C. pe1'­
fr'ingens. This organism accounted for about 17.5% 
of the outbreaks and 65% of the patients in 1969. As 
far as number pf victims is concerned, C. pe1j1'ingens 
was a very potent causative agent. However, of a 
total of 72 outbreaks of C. pe·1j1''ingens food poisoning, 
only 20 were associated with turkeys and chicken. 
Most of the outbreaks were u·aced to beef. Hall and 
Angelotti (14) sampled frying chickens obtained from 
retail stores in the Cincinnati area. About 58% of 26 
samples of chicken examined yielded C. pe1jringens. 
All five samples of chicken liver were positive. As 
the authors pointed out, a high incidence of con­
tamination of the raw product leads to strong possi-

bilities of contamination after the product is cooked 
if the same work areas are used in preparation. 

RET>UL STORE SuRVEYS 

Because of the proximity of one of.our federal pub­
lic health organizations, Cincinnati was also the sub­
ject of an earlier investigation by Vi' ilson et a!. (28) 
for salmonellae in retail poultq products. They 
found an incidence of 17% ( 88 positives of 525 sam­
ples) from poultry in various retail outlets. 

A study was conducted by May (17) to determine 
the level of "gross bacterial contamination" of chicken 
during cutting at processing plants compared with re­
tail stores. As may be expected, bacterial numbers 
varied widely on the carcasses, and increased during 
cutting operations. Initial contamination and amount 
of handling during removal of parts contributed to 
differences in numbers. Counts increased approxi­
mately 6-fold in the six plants studied, and about 8-
fold in the five retail stores during cutting and pack­
aging. Most of tl1e contamination was atb·ibuted to 
work surfaces and manual contact. Surfaces of meat 
blocks in stores were the greatest source of contam­
ination. In one store where the block was scrubbed 
daily with a brush and detergent, counts were con­
siderably lower tl1an in other stores where only a 
vvire brush was used. Similarly, in one plant where 
a spray washer was used on the conveyor carrying the 
parts to the packaging area, bacterial numbers were 
considerably lower than those in plants wh2re spray 
washing of the belt was not performed. Informa­
tion such as tl1is, of tl1e common sense variety, should 
be used to advantage in the industry at all phases of 
operations. 

CoNCLuSIONS 

Although this review is by no means complete, an 
attempt has been made to present the microbiology 
of poulh·y products particularly with regard to the 
modern indush·y and with an eye on future trends 
toward more convenience-type products. Commercial 
practices must of necessity have continued sh·ingent 
surveillance by the processor, since his operation is 
at present the most feasible to control. However, the 
other ends of the marketing chain also may be sub­
ject to closer scrutiny. Farm production methods, 
h·ansportation of products, retail store practices, in­
stitution management, and consumer education are 
all areas in need of attention to insure wholesomeness 
of poultry products . 
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BULLETIN ON ASEPTIC PROCESSING 
AVAILABLE FROM DE LAVAL 

An 8-page bulletin describing The D e Laval Sep­
arator Company's Auto-Aseptic processing system is 
now available. The bulletin describes the modular 

' design concept of the sys tem and explains each 
module and its components. 

The Auto-Aseptic system is available with either 
direct or indirect heating, or both , and flow diagrams 
of both heating techniques are included. In addition, 

a pictorial line drawing illustrates product processing 

in an indirect system. The booklet ex']Jlains how the 

system operates and includes a complete explanation 

of its automatic control. 

For copies of the bulletin, "DeLaval Auto-Aseptic 

Processing," write, The De Laval Separator Com­

pany, Poughkeepsie, N. Y. 12602. 
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I. GROWTH AND ACID P·RODUCTION' 
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ABSTRACT 

Soymilk wi th a protein content similar to that of cow's milk 
was prepared from soybeans (variety Chippewa 64). Soy­
beans were washed, soaked until 1 ml of water per gram 
of beans was absorbed, comminuted with water equivalent 
to 7.6 times their dry weight, and the mixture filte1·ed through 
cheese cloth to obtain an aqueous exh·act free of large particles . 
Growth rates of 13 species of lactic-acid bacteria in sterile 
soymilk were generally greater than or comparable to those 
in cow's milk or Elliker's broth. 

Acid production in soymilk was not always directly related 
to growth rates of the organisms. Substantial formation of 
acid was limited to those bacteria able to utilize the sugars 
in soymilk, e.g., Streptococcus thennophilus, Lactobacillus 
clelbrueckii, Lactobacillus pentosus, and L euconostoc mesen­
temides. Sources of readily available nitrogen (e.g., protein 
digests), when added to soymilk, enhanced acid production 
by S. th ermophilus, the Leuconostoc species, and L . pentosus; 
appeared inhibitory to L. delbrueckii; and had no apparent 
effect on the other test cultures. Addition of whey powder, 
glucose, or lactose to soymilk enhanced acid production by 
Streptococcus lactis, StTeptococcus cremoris, Streptococcus di­
acetilactis, Lactobacillus casei, and Lactobacillus helveticus; 
whereas addition of sucrose was without benefit. The pre­
sence of 0.23-0.25% titratable acid, corresponding to a pH of 
5.7, caused coagulation of the sterilized. s_bymilk. 

Utilization of soybeans offers potential opportu­
nities for alleviating p1'esent and imminent world­
wide shortages of food. The soybean ouh·anks any 
other natural source in its plentiful and inexpensive 
supply of calories and protein (1, 8, 12). The nu­
tritive qu.ality of soybean protein is the best of those 
avaiJable . . fi-om plant sources and is inferior to animal 
protein only because it is deficient in sulfur-contain­
ing amino acids (10). 

Whole unmodified soybeans are relatively indigest­
ible and unacceptable as food (29). However, other 
than use of certain molds, relatively little attention 
has been devoted to employing fermentation tech­
niques to produce acceptable foods from soybeans. 
Use of lactic acid bacteria to prepare high-protein 
foods has possibilities. 

'Published with the approval of the Director of the Research 
Division of the College of Agricultural and Life Sciences, 
University of Wisconsin. 
2Present address: 7432 W . Washington St., Forest Park, Ill . 
60130. 

Kellogg (24) was among the first to use a lactic 
culture in soymilk. He inoculated sterilized soy­
milk with Lactobacillus acidophilus to produce a 
buttermilk-like product. Gehrke and Weiser (17, 18) 
studied growth and activity of Streptococcus lactis, 
Leuconostoc cit1'0vorum, and Leuconostoc dextra­
·nicwm in soymilk. More recently patents have been 
issued on processes for preparing yogurt and €heese , 
from soymilk (6, 25). 

Preparation of cheese-like products from soymilk 
using Streptococcus thennophilus as a starter culture 
was described by Hang and Jackson (19, 20). The 
suitability of S. thermophil-us for acid production in 
soymilk has been confirmed by Matsuoka et al. (27). 
Recently Yamanaka et al. (31) described a process for 
preparing a sour milk beverage from a mixture of 
amino acids, soybean protein, cow's milk, and a 
starter composed of S. thermophilus and Lactobacillus 
bulgaricus. 

In spite of these attempts to produce fermented 
foods vvith lactic acid bacteria, there is no published 
information on the behavior of these bacteria in soy­
milk. Consequen tly a study was undertaken to de­
tennine (a) growth of and acid production by some 
lactic acid bacteria in soymilk, (b) suitability of soy­
milk subjected to various heat treahnents as a cul­
tme medium for lactic acid bacteria, (c) ability of 
some lactic acid bacteria to hydrolyze soybean lipid, 
and (d) ability of some lactic acid bacteria to hydro­
lyze soybean protein. Growth and acid production 
will b e considered in this report and subsequent 
papers will discuss other phases of this investigation 
(3, 4, 5). Preliminary reports on some of this work 
have been presented (15, 16). 

M .'tTEHIALS AND i\ I ETHODS 

Cultums 
Thirteen species of lactic acid bacteria, listed in Table l , 

were used for this study. Stock cultures were grown and 
maintained in agar stabs of a medium consisting of 0.25% 
(w/ v) glucose, 0.50% (w/v) yeast extract, 0.01-0.05% ( w/ v) 
K,HP04, and 1.5% ( w/ v) agar. Cultures to be used for ex­
periments were grown in sterile litmus milk and were then 
stored at 5 C between semimonthly transfers. Each culture 

( .. 
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TABLE 1. SPECIES, SOURCES, AND INCUBATION TEMPERATURE OF THE LA CTIC-ACID BACTERIA USED IN THESE EXPERIMENTS. 

Incubation 

SPE~C i cs Sources temperature 

( oc) 

Streptococcus lacti.s II Dr. G. W. Reinbold 30 

Streptococcus cremoris 40-990 Moseley Laboratories 30 

Streptococcus thermophilus Me Dr. N. F. Olson 45 

Streptococcus diacetilactis 8-6264 Chr. H ansen's Lab . 30 

Leuconostoc mesenteroides 512F NRRL' 30 

Leuconostoc citrovorum Da3 Marschall Laboratory 30 

Pediococcus cereoislae 1325 NRRL 30 

Lactobacillus delbrueckii Ld3 Dr. Elizabeth McCoy 37 

Lactobacillus casei 1445 1RRL 30 

Lactobacillus helveticus 1842 NRRL 37 

Lactnbadllus fermenti 42-7 Dr. Elizabeth McCoy 37 

Lactobacill11s pentosus 124-2 Dr. Elizabeth McCoy 30 

Lactobacillus brevis 1834 NH.RL 30 

'Northern Regional Research and Development Division, Agricultural Research Service, U. S. Depa'~tment of Agriculture, 

Peoria, Illinois. 

was regularly examined microscopically for purity. 

Before a test , the culture was transferred from litmus milk 

into the experimental medium. It was then transferred in 

the same medium at least twice at daily intervals. A 12-14-

hr-old culture resulting from tl1e last transfer was used in 

each experiment. An inoculum of 1% (vI v) was used in all 

tests. 

Preparation of so ymilk 
Dry, mature, whole soybeans (variety Chippewa 64) were 

thoroughly washed and then soaked in distilled water for 6-8 

hr at 5 C, until absorbed water was 1 ml per gram of dry 

soybeans . A ratio of one part of such soaked beans to 7.6 

parts of water resulted in a medium with a protein content 

approximately equal to that of cow's milk. 

The soybean-water mixture was comminuted in a Waring 

blendor for 3 min, filtered twice through 3 thicknesses of 

cheesecloth , and the residue was discarded. The resultant 

soymilk was dispensed into containers and autoclaved for 

15 min at 120 C. 
A proxinlate analysis of the autoclaved soymilk was made 

( Table 2). Protein content was detennined by a semimicro 

Kjeldahl method (30); the nitrogen-to-protein factor used was 

5.71 (22). Fat and moisture contents were measured· by 

Mojoi)Jlier methods (28) and ash by AOAC procedures (7) . 

Growth and acid production in so ymilk 
Two hundred milliliters of soymilk in a 250-ml screw-cap 

Erlenmey& flask were inoculated with 2 ml of a 12-14-hr-old 

culture prepared as described above. The inoculated medium 

was incubated quiescently at the temperature optimum for 

the species used ( Table 1). 
At the time of inoculation ( 0 hr) and at selected time in­

tervals e.xtending over a 16- or 24-hr period, two samples of 

the growth medium were aseptically withdrawn from the 

flask. One was used for estimation of growth and the 

other for measurement of acidity. 

Growth was estimated from viable cell counts (2) using Elli­

ke(s lactic agar (13). Duplicate plates were incubated up to 

48 hr at the optimum temperature of the species under study. 

Viable cell counts pGt milliliter of medium were plotted on 

semilogarithm paper against time in hours. Slopes of the 

curves during the oo:ponential phase were calculated. Gen­

eration times were d·etermined from such slope values (26). 

Acid development was measured by titration of 1-g samples 

with 0.02N NaOH using phenolphthalein as the indicator. 

Changes in pH were followed with a Beckman pH m eter 

( model H2) equipped with a glass-reference combination 

electrode. Measurements were made on 10-ml portions which 

had been stored in screw-cap tubes at -40 C immediately 

after withdrawal from the culture flask. These samples were 

subsequently thawed at 60 C for 15 min and then cooled to 

20-25 C before t esting for pH and acidity. 

All experiments were duplicated and average values are 

reported. 
Comparatiue growth and acid production in cow's milk and 

broth 
Growth and acid production in low-fat milk and in an 

enriched broth were studied concurrently with tests using 

soymilk. Low-fat milk was prepared by mixing raw whole 

( 3.7% fat ) and raw skin1 ( 0.09% fat) milks in proportions 

which gave a final fat content of 1.8-1.9%. This was the 

runount of fat found in the soymilk prepared above. Elliker's 

broth (13) was used since it is a suitable m edium for both 

lactic streptococci and lactobacili. Low-fat milk and Elliker's 

broth were treated as was the soymilk. Viable counts and 

acidity were determined by m ethods described above. 

Effect of additives on acid production in soymilk 
TI1e relationship between nutritional adeq~acy of soymilk 

and acid production by lactic acid bacteria in this medium 

was studied. TI1e followin g substances were added to soy­

milk: whey powder, peptone, casitone, glucose, sucrose, and 

lactose. Ten per cent solutions of these materials were pre­

pared and then autoclaved (whey, peptone, and casito.ne) 

or filter-sterilized (glucose, sucrose, and la-ctose ) . One part 

of each solution was added to nine parts autoclaved soymilk 

to give a fin al concentration of 1%. Acid production by lactic 

cultures was detem1ined after 16 hr · of incubation using the 

methods described earlier. Results are expressed as per cent 

developed acidity to eliminate small differences in initial 

acidity caused by the various additives . 

RESULTS AI\'D DISCUSSION 

C ompa:rative growth of lactic acid bacteria in soy­

milk, milk, and EUiker's broth 
Data on growth of lactic acid bacteria in the three 

media are summarized in Table 3. Their growth 
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Component 

Protein 

Fat 

Ash 

Moisture 

TABLE 2. ANALYSIS OF SOYMILK. 

Carbohydrate (by difference) 

P er cent 

3.58 

1.90 

0.43 

91.25 

2.84 

T ABL E 3. GENERATION TIMES (MINUTES) OF L ACTIC-ACID 

BACTElUA DURING GROWTH IN SOYMILK, M:U.K, Al'.'D 

ELLIKER's BROTH'. 

Or&ani sm Soymilk Milk E lliker's broth 

S. lactis II 40.8 56.4 60.0 

S. cremoris 40-990 45.0 64.8 34.2 

S. thermophiltts Me 34.0 36.0 51.6 

S. diacetilactis 8-6264 48.6 48 .6 56.4 

L. m esenteroides 512F 56.4 75.0 58.2 

L. citrovonnn Da3 82.2 78.6 100.2 

P. cerevisiae 1325 50.4 106.2 47.4 

L. delbru.ecki-i Lc13 85.8 126.0 82.2 

L. casei 1445 112.8 112.8 94.8 

L. heloet-icus 1842 78.6 69.8 78.6 

L. fermenti 42-7 78.6 75.0 66 .6 

L. pentosus 124-2 66.6 69.6 112.8 

L. breois 1834 94.8 94.8 69.6 

'Values represent averages of duplicate experiments. 

TABLE 4. R AT E OF ACID PRODUCTION BY LACTIC-ACID BACTEIUA 

IN SOYJI>IILK, M ILK, AND ELLIKER's BROTH. 

Organism 
,umoles a(lld per g per hri ,2 

Soymilk llfilk Elliker's broth 

S. lactis II 1.1 4.9 2.9 

s. cremor-is 40-990 0.7 6.3 3.8 

S. thermophiltls Me 3.9 5.0 0.7 

S. diacetilactis 8-6264 0.3 2.4 3.0 

L. mesenteroides 512F 2.4 0.1 3.6 

L. citrovomm Da3 0.2 0.1 0.2 

P. cerevis iae 1325 0.4 0.1 2.0 

L. delh~~cki'i Ld3 2.7 0.1 2.1 

L. casei 1445 0.2 0.2 2.0 

L. helveticus 1842 0.1 0.8 0.9 

L. ferm enti 42-7 0.2 0.0 0.1 
L. pentosus 124-2 2.4 0.1 1.2 

L. brevis 1834 0.2 0.0 0.7 

'Average rate of acid production determined from the slope 

of curve of titratable acid (as lactic acid ) against time in hours. 

•values are averages of duplicate experiments. 

patterns are shown in Fig. 1 to 4. 

Streptococcus species. Streptococcus lactis (Fig. 1 ) 

and S. thennophi[us (Fig. 1) exhibited higher growth 

rates in soyrnilk than in milk or broth (Table 3). 

The maximum population in milk attained by S. 

lactis was about 4-fold higher than in either of the 

other media. Streptococcus the1·mophi[us also reach 

a higher ( 3-fold ) maximum population in milk than 

in soymilk. Streptococcus cremo·ris (Fig. 1) exhibit­

ed a higher growth rate or shorter generation time in 

soymilk than in milk, but its grow_th rate in broth was 

highest (Table 3 ) . The maximum population at­

tained in broth also was higher than in milk and 

soymilk. The growth rate of S. diacetilactis (Fig. 1) 

was similar in soymilk and in ' milk; and slightly low­

er in broth. 
Leuconostoc species. Leuconostoc mesenteroides 

(Table 3, Fig. 2) grew at nearly equal rates in soy­

milk and in broth and markedly more rapidly in both, 

than in milk. The maximum population was 10-fold 

greater in both soymilk and broth than in milk. 

Leuconostoc citrovoru1n (Table 3, Fig. 2) grew at 

nearly equal but rather slovv rates in soymilk and in 

milk; growth in broth was somewhat poorer. In all 

three media, maximum populations attained by L. , 

citrovorwn were nearly the same ( > 107 / ml ). 

Pediococcus. Growth rates of Pediococcus cere­

v·isiae (Table 3, Fig. 4 ) in soymilk and in broth were 

nearly the same; that in milk was one-half as fast. 

There were pronow1ced differences in the maximum 

populations attained after incubation in the three 

u. 
0 
0 

" g 

~ THERMOPHILUS MC 

4 

~ CREMORIS 40-990 

8 12 

fLUKER'S 
BROIH 

16 

~ DIACETILACTIS 8-6264 

5o~----~4------~8----~12 ~~---4~---8~--~1~2--~16 
TIME <HRl TIME <HRl 

Figure 1. Growth of Streptococcus lactis, Streptococcus 

cremoris, StTeptococcus thermophiltls, and Streptococct1s di­

acetilactis in soymilk, milk, and Elliker's broth. 
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u. 
0 

_b HELVETICUS 1842 

4 L_ __ _L ____ l_ __ ~--~ 

~ MESENTEROIDES 512-F 0 4 8 12 16 

5·~--~----~--~--~ 
~~--~4~--~8~--~1~2--~16 

ELLIKER'S 
BROTH 

_b CITROVORUM Do 3 _b CASE! 1445 

5
0 4 8 12 16 

5 0~---4-!-----------:'-8----;-!;12,----~16 
TIME CHRl TIME <HAl 

Figure 2. Growth of Leuconostoc citmvorum, Leuconostoc; 
mesenteroicles, Lactobac·illus casei, and Lactobacillus helvet·i­
cus in soymilk, milk, and Elliker's broth. 

media; in soymilk and broth they were nearly 100-
fold higher than in milk. 

Lactobacillus species. Growth rates and maxi­
mum populations of Lactobacillus delbrueckii (Table 
3, Fig. 3) were similar in both soymilk and broth. 
In comparison, the growth rate in milk was slower 
and maximum numbers in this medium \overe 10-fold 
less. Lactobacillus helveticus (Table 3, Fig. 2) grew 
slightly faster in milk than in soymilk and broth. 
Maximum populations of the organism in all three 
media were similar. Lactobacillus casei (Fig. 2), L. 
fermenti (Fig. 3 ), L. pentosus (Fig. 3), and L . brevis 
(Fig. 3 ) grew at similar rates in soymilk and in milk 
(Table 3 ) . Maximum populations attained by all 
four organisms were about 10-fold higher in soy­
milk than in milk. Except for L . pentosus, growth 
rates and maximum . numbers of the latter organisms 
were higher in broth than in tl1e other two media. 

Compamtive mte of acid production ·in soyn1-ilk, 
milk, and Elliker's broth 
. Rates of acid production by lactic acid bacteria 
in the three media are recorded in Table 4. Rate 
of acid production in broth was, in most instances, 
equal to, or greater than that in the other media. 
Stre-ptococcus lactis, S. cremoris, and S. cliacetilactis 
formed acid most rapidly in milk, but comparatively 
slowly in soym~. Lactobacillus helveticus behaved 

sin1ilarly only to a lesser extent. Rate of acid pro­
duction by S. thennophilus was highest in milk, but 
that in soymilk, although less than in milk, was re­
markably high. The organism showed an unusually 
low rate of acid production in broth . Leuconostoc 
·mesenteroides, L. clelbruecldi, and L. pen.tosus pro­
duced acid at relatively high rates in soymilk, where­
as in milk acid production was practically nil. Acid 
formation by P. cerevisiae, L. case·i, L. C'itrovorum, L. 
fennenti, and L. brevis was comparatiyely slow and 
low in both soymilk and milk. 

Table 5 presents data on the amount of acid pro­
duced by lactic acid bacteria and on the reaction of 
media at the end of the incubation period. A rather 
close and consistent relationship between pH and 
titratable acidity is evident. Slight de~iations may 
be caused by differences in kinds of acid produced, 
e.g., proportion of weakly dissociated acids (14) . 

Data in Table 5 show tl1at after 16 hr, S. lactis, 
S. cremoris, and S. themwph:ilus produced 4 to 5 times 
as much acid in milk as was initially present, bringing 
the pH of the .medium to about 4.0. St·reptococcus 
d iacetilactis produced acid in milk to a lesser extent 
( 3 times that of the initial acidity, pH 5.25) .: In 
contrast, these Streptococcus species formed less acid 
in soymilk after 16 hr. The reduction in pH ac­
companying such acid production by S. la.ctis, S. 
cremor·is, and S. diacetilactis was slight and not suf-

g 
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_b FERMENT! 42-7 

_b DELBRUECKII Ld3 4~L-----+----~------,!,.------;-;; 
5o~__j_ __ _j_8 __ --'-~16L__L_2,....,4 
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_b BREVIS 1834 L . PENTOSUS 124-2 

4o~---4l_ __ __j_B ____ I~2--~16 ~L-__j_--~B---L--~16---L~24 
TIME <HRl TIME <Hf1 l 

Figure 3. Growth of Lactobactlil:us brev·is, Lactobac-illus 
clelbwecki.i, Lactobacilbus fermenti, and Lactobac-illus pen­
tosus in soymilk, milk, and Elliker's broth. 
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8 12 16 
. TIME <HR> 

Figure 4. Growth of Pediococcus cerevisiae in soymilk, 

milk, and Elliker's broth. 

fieient to cause coagulation of soymilk. Streptococ­
cu~s thennophiltts reduced the pH of soymilk as much 

as of milk and caused both to coag1ilate . Leuconostoc 
citrovorum, P. cerev·isiae, L. case·i, L. fermenU, and 

L. brevis did not induce any significant change in 

pH or titratable acidity in soymilk or milk. The 

strain of L . casei used in this study, like most strains 

of this species (9 ), produced acid slowly and caused 

coagulation of milk in three days, at the earli_est. 

Lactobacillus helveticus produced a very slight in­
crease in tih·atable acidity of milk but none in soy­

milk. 

Lactobac-illus delbrueckii, L. pentosus, and L. 
mesenteroides produced considerable amounts of acid 

in soymilk and comparatively ·less in milk. As with 

S. thennophilus, acid production by these organisms 

was sufficient to cause coagulation of soymilk. Ap­

proximately 0.23-0.25% titratable acidity was needed 

for soymilk to coagulate. This occurred at a pH of 

about 5.7, and under conditions of these experiments, 

between 4 to 8 lu- of incubation. 

Reports on the isoelectric pH of various soybean 

fractions are conflicting (11) and, in part, this is relat­

ed to dependence of isoelectric points on the method 

of protein isolation and on the ionic strength of the , 

buffer used when determinations were made. Jones 

and Csonka (21) assigned a pH value of 5.2 to the 

isoelech·ic point of a glycinin fraction of soybean pro­

tein. The pH value reported hexein for coagulation 

of soymilk seems reasonable since autoclaving must 

cause some degree of protein denaturation which 

can affect isoelechic properties . 

Effect of addit-ives on ac·id pmduction in soymilk 

Acid production is dependent on numbers of bac­

tel·ia, their growth rate, and their ability to utilize 

the carbohydxate available in the medium. Soybeans 

are rather low in their content of simple sugars; the 

monosaccharides arabinose and glucose are minor 

constituents ( 0.0015% and 0.006%, respectively, on 

a dry basis ). The bulk of sugar in soybeans occurs 

TABLE 5. PER CENT TlTRATABLE ACIDITY (% T.A.) 1 AS LA.CTlC AOID, AND PH OF SOY MILK, :MILK, 

INOCULATED WITH LACTIC-ACID BACTEIUA AND INCUBATED FOR 16 HOURS. 

AND Er.LJKER's BROTH 

Soymill' Mill' E1liker's 
broth 

Organi:-;ms pH % T.A. pH % T.A. pH % T.A. 

Initial value (Range) 6.50 0.14- 6.25 0.16- 6.40 0.18-

0.18 0.18 0.20 

S. lactis II 5.93 0.30 4.40 0.76 4.28 0.57 

S. cremoris 40-990 6.08 0.27 4.35 0.92 4.33 0.68 

S. thermophpilus Me 4.40 0.49 4.40 0.74 4.10 0.3 1 

S. diacetilactis 8-6264 5.83 0.27 5.25 0.56 4.25 0.63 

L. m esentero·ides .512F 4.80 0.42 6.15 0.19 4.35 0.58 

L. citrovonnn Da3 6.20 0.18 6.22 0.19 5.67 0.22 

P. cerevisiae 1325 6.13 0.19 6.20 0.18 4.40 0.46 

L. delbrueckii Lela 4.80 0.42 6.23 0.24 4.60 0.54 

L. casei 1445 6.18 0.17 6.13 0.19 4.30 0.48 

L. helveticus 1842 6.40 0.16 5.70 0.25 4.65 0.38 

L. ferm enti 42-7 6.40 0.18 6.38 0.18 6.03 0.21 

L. pentostts 124-2 4.58 0.50 6.23 0.26 4.S3 0.41 

L. brevis 1834 6.35 0.16 6.23 0.16 5.65 0.27 

'Values are averages of duplicate experiments. 
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' 
~ •• I 



IV 

' ·' \ 

.. 

GROWTH ANn AcnvrTY 35 

"!AULE 6. EFFECTS OF AJJDITJON OF WHEY, PEPTONE, CASJTONE, GLUCOSE, SUCROSE, A ' D LACTOSE ON ACID l'HODUCTJON BY 

LA.CTIC-ACID BACTERIA IN SOYMJLK. 

Soymilk with adcled 

Organism Soymilk Whey Peptone Cas ltone Glucose Sucrose Lactose 

S. lact is 0.04 0.41 

S. cremoris 0.02 0.28 

S. th ermo7Jhilus 0.41 0.43 

S. cliacet-ilactis 0.03 0.32 

L. mesenteroides 0.22 0.22 

L. citrooorwn 0.05 0.10 

P. cercoisiae 0.03 O.Q7 

L . clelbrueckii 0.31 0.31 

L. casei 0.02 0.12 

L. heloeticus 0.01 0.19 

L. ferm enti 0.01 0.00 

L. pentosus 0.21 0.22 

L. brevis 0.00 0.02 

'Values are averages of duplicate experiments. 

as (a) oligosaccharides: 5.0% sucrose, 1.1% raffinose, 

3.8% stachyose; and (b) hemicelluloses, e.g., araban 

and arabinoglactan (23 ). Since some lactic acid bac­

teria cannot utilize these carbohydrates, supplemen­

tation of soymilk with other carbohydrates may be 

necessary to insure adequate acid production. Tests 

were conducted to determine whether added nitrogen 

and carbon sources would facilitate formation of 

acid. Lactic-acid bacteria were grown in soymilks 

fortified separately with 1% whey powder, peptone, 

casitone, glucose, sucrose, and lactose. Data on 

acid production in such soymilks are recorded in 

Table 6. 
Acid production by S. lactis, S. cremo1'is, and S. 

diacetilactis was enhanced by glucose, lactose, or 

whey powder added to soymilk. Added sources of 

- nitrogen had no beneficial effect on acid production 

by these bacteria. Acid development by S. thermo­

philus was unaffected by added sugars but was in­

creased when soymilk was fortified with protein 

digests. This suggests that the carbon source ( s) in 

soymilk is not the limiting factor for S. thennophilus 

but instead the nitrogen sources are not optimal. 

The Leuconostoc species produced more acid when 

protein digests were added to soymilk. Added glu­

cose, lactose, or whey powder enhanced acid produc­

tion by L. citrovorum, whereas only glucose produced 

a similar effect with L: mesentero·ides and P. cere­

visiae. 

Lactobacillus delbrueckii developed most acid when 

glucose was present .in soymilk, whereas other added 

sugl:!rs or whey powder were essentially without ef­

fect:' Protein digests added to soymilk resulted in 

reduced acid producfion by this organism. Addition 

of glucose, whey powder, and lactose caused an in­

crease in acid production by L. casei and L. he~­

veticus, whereas the protein digests were without ef-

( % developed acidity after 16 hr) 1 

0.01 0.05 0.40 0.02 0.37 

0.01 0.03 0.27 0.03 0.25 

0.50 0.59 0.42 0.39 0.42 

0.02 0.05 0.28 0.03 0.30 

0.38 0.42 0.31 0.25 0.21 

0.14 0.17 0.12. 0.06 0.09 

0.03 0.06 0.21 0.04 0.05 

0.11 0.24 0.61 0.31 0.28 

0.05 O.Q7 0.24 0.04 0.98 

0.01 0.02 0.14 0.01 0.02 

0.00 0.01 0.02 0.00 0.01 

0.44 0.48 0.24 0.23 . . 0.20 

0.00 0.02 0.03 0:01 . 0.01 

feet. Lactobacillus pentosus produced more acid 

when peptone and casitone were present, but not 

when soymilk contained the other additives. Acid 

production by L . N1:inenti and L. brevis was not af­

fected by any of the additives . 

Results of this investigation indicate that, in gen~ 

eral, soymilk is a satisfactory growth medium for 

most lactic-acid bacteria. Supplementation of soy­

milk with certain fermentable sugars or partially de­

graded proteins can lead to higher yields of acid 

from some of the organisms. 

ACKNOWLEDG~IENTS 

The authors thank Dr. C. A. Kust, D epartment of Agron­

omy, University of ' •Visconsin for supplying the soybeans 

used in this study. This work \vas supported in part by funds 

from the Graduate School of the University of vVisconsin. 

REFERENCES 

l. Abbott, J. C. 1965. Protein supplies and prospects: 

The problem, pp. 1-15. In A. M. Altschul (eel.) World pro­

tein resources. American Chemical Society Publications, 

Washington, D. C. 
2. American Public Health Association . 1967. Standard 

methods for the examination of dairy products. 12th eel. 

American Public Health Association, New York. 

3. Angeles, Antonieta G. , and E. H. Marth. Growth and 

activity of lactic acid bacteria in soymilk. II. H eat treat­

ment of soymilk and culture activity. J. Milk Food Techno]. 

In press. 

4. Angeles, Antonieta G., and E. H. Marth. Growth m1cl 

activity of lactic acid bacteria in soymilk. III. Lipolytic 

activity. J. Milk Food Technol. In press. 

5. Angeles, Antonieta G., and E. H . Marth. Growth and 

activity of lactic acid bacteria in soymilk. IV. Proteolytic 

activity. J. Milk Food Technol. In press. 

6. Ariyama, H. 1963. ProcP-ss for the manufacture of a 

synthetic yoghurt from soybean . U. S. Patent 3,096,177. 

July 2. 
7. Association of Official Agricultural Chemists. 1960. 



36 GROWTH AND AcrrvrTY 

Official methods of analysis. 9th ed. Association of Of­
ficia l Agricultural Chemists, VVashington, D. C. 

8. Bean, L. H. 1966. Closing the world's nutritional gap 
with animal or vegetable protein? FAO Bull . No. 6. 

9. Breed, R. S., E . G. D. Murray, and N. R. Smith. 1957. 
Bergey's manual of determinative bacteriology. ' 'Villiams and 
Wilkins Co ., Baltimore, Maryland. 

10. Bressani, R. , and L. G. Elias. 1968. Processed vege­
table protein mixtmes for human consumption in developing 
countries, pp. 1-103. In C. 0 . Chichester, E. 1. Mrak, 
and G. F . Stewart ( eel.) Advances in food research, Vol. 16. 
Academic Press, New York. 

11. Circle, S. J. 1950. Proteins and other nitrogenous 
constituents, pp. 275-350. In K. S. Markley ( ed.) Soybeans 
and soybean products. lnterscience Publishers Inc., New York. 

12. Dimler, R. J. 1965. Full fat soy flour and the world 
food deficit. Soybean Digest 25( 12) :32-37. 

13. Elliker, P. R. , A. Vv. Anderson, and G. Hannesson. 
1956. An agar culture medium for lactic acid streptococci 
and lactobacilli. J. Dairy Sci. 39: 1611-1612. 

14. Emmons, D. B., VV. V. Price, and J. H. Torrie. 1960. 
Effects of lactic cultures on acidi ty and firmn ess of cottage 
cheese coaguhm1. J. Dairy Sci. 43:480-490. 

15. Gaddi, Antonieta L., and E. H . 1arth. 1969. Growth 
of and acid production by lactic acid bacteria on a soybean 
substrate. J. Dairy Sci. 52:895. 

16. Gaddi, Antonieta L. , and E . H. Marth . 1970. Ef­
fects of heating soymilk on its suitability as a substrate for 
lactic acid bacteria. J. Dairy Sci. 53 :643. 

17. Gehrke, C., and H . H . Weiser. 1947. Comparative 
studies on growth and biochemical features of microorganisms 
grown in cow's and soybean milk. Food Res. 12: 360-364. 

18. Gehrke, C ., and H. H. Weiser. 1948. A comparative 
study of the biochemical activity of Streptococctts lact·is, 
Streptococcus C'itrovorus and Streptococcus p(traC"it1'Dvorus when 
grown in cow's milk and soybean milk. J. Dairy Sci. 31:-
213-222. 
, 19. Hang, Y. D., and H. Jackson. 1967. Preparation of 
sbybean cheese using lactic starter organisms. I. General 

characteristics of the finished cheese. Food Technol. 21:95-96. 
20. Hang, Y. D ., and H. Jackson. 1967. Preparation of 

soybean cheese using lactic starter organisms. II. Effects of 
addition of rennet extract and skim milk. Food Technol. 
21:97-100. 

21. Jones, B. D. , and F. A. Csonka . 1932. Precipitation 
of soybean proteins at various concentrations of ammonitm1 
sulfate. J. Bioi. Chem. 97:29-30. 

22. Joslyn, f. A. 1950. 1ethods in food analysis. Aca-
demic Press, New York. 

23. Kawamma, S. 1966. Review of PL480 work on soy­
bean carbohydrates. Proc. Int. Con£. Soybean Protein Foods. 
U. S. Dept. Agr. ARS-71-35, 249-254. 

24. Kellogg, J. H. 1934. Method of making acidophilus 
milk. U. S. Patent 1,982,9941. Dec. 4. 

25. Kenkyusko, C. M. 1965. Preparation of a soy cheese. 
Japanese Patent 16,737. July 30. 

26. Lamana, C., and M. F. Mallett. 1965. Basic bac­
teriology. 3rd eel. VVilliams and vVilkins Co., Baltimore, Mary­
land. 

27. Matsuoka, H., K. Sasago, and lv!. Sekiguchi. 1968. 
Manufacturing of a cheese-like product from soybean milk. 
J. Food Sci. Techno!. Tokyo 15:103-108. (Dairy Sci. Abstr. , 
30:629.) 

28. Milk Industry Foundation . 1959. Laboratory manual. 
Methods of analysis of milk and its products . 3rd eel. Milk 
Industry Fotmdation, VVashington, D. C. 

29. Steinkraus, K. H., D . B. Hand, L. R. Hackler, and J. P. 
van Buren. 1962. Research on soybean products of im­
proved nutritional value. New York Agr. Expt. Sta. Fam1 
Res. 28( 4) :4-5. 

30. Vakaleris, D. G. 1955. A study of fonnol titration 
as a measure of changes in protein during cheese ripening. 
M. S. Thesis. University of VVisconsin, Madison. 

31. Yamanaka, Y., S. Okumura, K. Mitsugi, and Y. Hasaga­
wa. 1969. Process for preparing a sour milk beverage or 
yoghurt. British Patent 1,154,139. (Food Sci. Techno!. 
Abstr. 1 : 1308.). 

EGG INDUSTRY COMPLETES 
TWO STANDARDS 

New sanitary standards for fittings, valves, spray 
dryers a_nd pump~. were adopted by the E-3-A Sani­
tary Standards Committee at its November 5 meeting 
in Houston, Texas. 

E-3-A is a cooperative effort by representatives of 
five groups- Instih1te of American Poultry Industries, 
Dairy . & Food Industries Supply Association, U. S. 
DepartmeRt of Agriculture, International Association 
of Milk, Food and Environmental Sanitarians and r- , 

U. S. Public Health Service-to establish voluntary 
criteria for cleanability of processing equipment and 
product protection. 

Standard No. E-0800 will provide for sanitary fit­
tings and valves for liquid egg processing. 

Spray dryers for egg products are covered by the 
new E-3-A Accepted Practices for Egg Products 
Spray Drying Systems, Serial No. E-60700. The 

Practices offer criteria for installation, operation, and 
cleaning of spray drying equipment. Publication of 
the documents is scheduled for the fall of 1971 in 
the Journal of i\IIilk and Food Technology. Stand­
m·ds become effective one year after official adoption. 
Reprints from the Journal are available from the 
offices of IAPI m1d DFISA. 

Also completed at the semi-annual meeting was an 
amendment to the Pump Standard to provide for an 
optional material. 

Other items on the agenda were referred back to 
the originating DFISA Task Committees for further 
rev1Slons. Scheduled for the next E-3-A meeting in 
April, this business will include drafts of tentative 
standards for egg breakers, egg washers and HTST 
Pasteurization Practices. 

, 
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A RESPONSE TO THE ENVIRONMENTAL CHALLENGE' 
NoRMAN MYRICK 

Intemational Pape1' Company 
220 East 42nd St1'eet 

New Y01·k, N. Y. 10017 

ABSTRACT 

Rapid industrialization, growing populations, and an ever 
expanding technology have generated a new and well founded 
concern with the quality of our environment. Currently some 
360 million tons of solid waste must be collected and disposed 
of each year. Methods of accomplishing this huge t ask are 
still in their infancy. Some 70% of municipal disposal facilities 
are open dwnps. Only 6% of so-call sanitary landfills meet of­
ficial standards. Collection t echniques are still labor oriented. 
Nevertheless, some remarkable technological developments 
are taking place which suggests that methodology and technol­
ogy in this area will cease to be a problem in the near future. 
The big factors, yet to be resolved, are the economic and the 
people problems. Lessons learned and progress achieved by 
milk and food sanitarians, pioneers in environmental control, 
lead one to believe that they have much to contribute in ach.iev · 
ing solutions to these aspects of the broad ecological prob­
lem. The lesson appears to be this: despite the sensation­
alism that is characteristic of modern communications media, 
a vast number of energetic and talented p eople are quietly 
formul ating methods and programs which will produce rea­
sonable solutions to these great issues. 

Ecology means the relationship of living things to 
their environment. Environment means the aggre­
gate of surrounding things , conditions , and influences. 
Under these definitions ecology involves, for people, 
not only physical conditions but political, social, 
economic, and spiritual things as well. Thus, war 
is a factor in our ecological problem. Campus un-

; rest is a factor. Rudeness and uncivil behavior are 
elements in the problem . However, as a practical 
matter, the curren t popular concern with ecology is 
limited to physical considerations; primarily, air, water 
and land pollution. 

POLLUTION 

It is a little difficult to establish the dimensions of 
the problem in these terms because pollutants have 
a way of shifting back and forth from one category 
to another. For example, the particulates from im­
perfect combustion that go up a smokestack and into 
the atmosphere are solids but are considered as air 
pollutants as long ~s they are in the air. If, how­
ever, they are removed from the combustion products 
by scrubbers or electrostatic precipitators i11 the stack 

'Presented at the 57th Annual Meeting of tlw International 
Association of Milk, Food, and Environmental Sanitarians, 
Cedar Rapids, Iowa, August 17-20, 1970. 

they are obviously solid waste that becomes a land 
pollutant. Similarly solid waste that goes ·to an open 
dump is a land pollutant. But, if at the dump, it is 
burned much of it becomes an air pollutant. The 
Federal Bureau of Solid \i\Taste Management uses 
the following numbers to describe the volume of 
·waste generated annually in the Upited Stat~s. These 
figures vvere for 1967. They are divided into five 
categories on the basis of the generating source. 
These categories and volumes are 

Urban waste -------- 250 million tons 
Industrial waste ----- - llO million tons 
Agri cultural waste ____ 2,280 million tons 
Mining waste· -·------ - 1,700 million tons 

All of this adds tip about 4 billion 340 million tons 
of waste. Indicati~e of the problem of public und~r­
standing is the impression that most people get from 
these figures. I often ask people what they visualize 
4 billion 340 million tons of solid waste to be. In­
evitably it means garbage and rubbish that goes to 
the dump, whereas in reality, garbage and rubbish 
constitute only about 6% of the total solid waste. 

Another way of looking at the problem is the ma­
terials flow concept. This approach holds, quite 
logically, that all materials which enter into pro­
duction of material things ultimately end up as 
waste in one form or another. The in-puts are fuel, 
food , and raw material. The out-puts are finished 
goods. Weight of finished goods plus weight of 
processing waste equals the in-put. However, dur­
ing processing, oxygen is taken out of the atmosphere 
so that th e final weight of the out-put, which ultimate­
ly b ecomes waste, even for finished goods, is greater 
than the in-put. According to a study made by Ayres 
and Kneese, the active in-puts in 1965 amounted to 
2,492,000,000 tons of active materials. 

The authors of the study report that three quarters 
of the over-all weight of the active in-put is eventual­
ly discharged into the atmosphere as carbon and 
hydrogen which combine with oxygen to produce 
carbon dioxide and water. The remaining residuals 
are either gases such as carbon monoxide, nitrogen 
dioxide, and sulfur dioxide; dry solids such as rub­
bish; wet solids such as garbage and sewage; and 
industrial wastes suspended or dissolved in water. 
The authors go on to say, "Looking at the matter 
this way clearly reveals a primary interdependence 
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between various waste sh·eams. In a sense, the solids 

are the irreducible limiting form of waste." 

LIMITED R ESOURCES 

There are two aspects of the problem that these 

numbers point up. Recognizing that the earth and 

its atmosphere, vast as it may be, is, nevertheless, 

finite it follows that there is a limit to the resources 

that are available for human use and a limit to the 

capacity of the earth and the atmosphere to absorb 

the waste products that the use of those resources 

produces. Consequently the first and probably the 

most important step toward an improved environ­

ment is conservation. Obviously a reduction in the 

volume of material that goes into tl1e waste stream 

means a more effective use of resources. It also 

meaus that pollution is reduced because the volume 

of pollutants is less. This philosophy parallels the 

approach that has been developed with respect to 

milk. Much of this work is devoted to production 

of good milk on the farm. To be sure, modern equip­

ment in the milk plant can do wonders with raw milk 

in terms of improving it through clarification and 

pasteurization. But the best way to get a good 

finished product is to start with a good raw product. 

As a result you emphasize low bacteria counts in the 

raw milk in order to reduce the subsequent problem. 

Full utilization of mw material 
The conservation approach to waste management 

has three major facets. The first is full utilization 

o~ the raw material. Perhaps the most familiar ex­

pression of this concept is the meat ,packing industry's 

boast that they use all of the pig pt!t the squeal. An­

other example, more familiar to those of us associ­

ated with milk business, is the problem of whey. The 

old metl1od of disposing of whey by dumping it into 

the creek created a water pollution problem. Present 

thinking on this question considers whey as material 

with a ~ignificant, use potential. Thus, instead of 

dumping,' we attempt to recover the whey and use 

it for animal feed or some other practical purpose. 

In this way, not only do we make more effective use 

of the original raw material but reduce or eliminate 

the pollution problems that were caused by discharg­

ing whey into the sh·eam. 

Industry is particularly effective in this area, pri­

marily because of the economics involved. Indeed, 

in most industrial operations the difference between 

red and black ink on the profit and loss statement 

is often the effectiveness with which waste has been 

reduced and raw material utilized. A friend who 

operates a saw mill in Maine told me that he couldn't 

stay in business were it not for the additional income 

he realized from the sale of sawdust, chips, slabs, and 

even bark. 

Re-cycling and re-use 
The second phase of the conservation approach to 

waste management is in re-cycling and re-use. I 

make a distinction between the tWo terms. Re-cycl­

ing to me, means taking the material in a product 

that has been used and reprocessing it back into its 

original form so that it can be used over again for 

the same or similar purpose. For example, the metal 

in a worn out automobile can .be recovered and used 

again as iron or lead or copper. Glass can be re­

cycled back into new glass. Paper can be repulped 

and made into new paper . It should be noted, how­

ever, that materials derived from re-cycling are us­

ually inferior to those made from virgin stock. 

Re-use, on the other hand, means using the material 

in a worn out product for some other purpose. Glass 

manufacturers have developed a process for making 

a road building material out of used glass containers. 

Paper, which constitutes slightly more than 50% of , 

the material in municipal dumps, makes an excellent 

fuel which can be used to produce BTUs. Indeed, 

one of the exciting new promises in waste manage­

ment is a unit known as the CPU 400. This unit 

is a sophisticated, highly efficient incinerator that 

approaches complete combustion. Hot gases from 

the burning process are used to activate a turbine 

which turns a generator. This unit is able to handle 

up to 400 tons of rubbish a day and can generate 

15,000 kilowatts of power during that period. That 

is enough power to meet about 10% of the needs of a 

community of 150,000 people. Sale of the power re­

duces tl1e cost of waste disposal from 4 or 5 dollars 

a ton to somewhere between l and 2 dollars a ton. 

The volume of residual waste going into the waste 

stream is greatly reduced and use of a resource is 

greatly extmded. A new and needed product is 

created and the dollars and cents cost of waste dis­

posal is reduced substantially. It is this kind of 

practical, down to earth, imaginative thinking that 

makes solid waste management such an exciting field 

of activity today. 

The CPU 400 was developed by Combustion Power 

Company, Inc., of Palo Alto, California under a grant 

from the Bureau of Solid Waste Management. The 

unit is still in the developmental stage and some of 

the inevitable bugs that are found in any new piece 

of equipment have yet to be resolved. It is expected, 

however, that a full-scale unit will be in operation by 

1972. For our purposes, the important point, illus­

h·ated by the CPU 400, is the concept of re-use as 

opposed to re-cycling. Both are sound approaches to 

the waste management problem. Bo'th are actually 

being employed at the present tinle and both offer 

the opportunity for refinement and increased effec­

tiveness. 

\ ,. 
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Collection of waste 
The most familiar part of waste management and 

the most ex1)ensive is collection. This is particularly 
true of urban waste. The waste generated by an 
indush·ial operation remains under the plant's control 
until enough volume is accumulated to make re-cy­
cling or re-use economically feasible. "\i'iTaste from in­
dividual dwellings, offices, and aparh11ent buildings 
has to be collected in relatively small volumes and 
h·ansported, generally substantial distances. to the 
disposal site. Richard Vaughn, Director of the Bu­
reau of Solid ·waste Management, points out that 
collection methods have changed little in cenhuies . 
The basic technique of a receptacle mounted on 
wheels is about the same whether the rig is moved 
by a horse or an internal combustion engine. Some­
body has to empty the contents of a trash can into 
a wagon and then drive the wagon to the dump . 
Collection, Mr. Vaughn says, is labor oriented. It is, 
therefore, generally rather inefficient and expensive. 
As a rough rule of thumb, collection costs two or 
three times as much as disposal. In New York, col­
lection ·costs are reported to be hvelve to thirteen 
dollars a ton while disposal costs are 4.5 to 5 dollars 
a ton. Litter is the most expensive of all forms of 
solid waste to collect, costing as much as $88.00 a 
ton. 

Collection is not only difficult but it also compli­
cates the disposal problem. Each kind of waste ma­
terial lends itself to a "best way" of disposition. In 
order to realize this "best way" the material has to 
be separated from other materials . Trash arrives at 
the disposal site as a mixed-up hash of food wastes, 
paper, metal, plastic, lawn h·immings, glass-you name 
it. To separate these materials into categories so that 

; tlwy can be re-cycled or re-used, even disposed of in 
a manner best suited to their physical characteristics, 
is very difficult and expensive. Some communities 
try to accomplish this separation at the point of col­
lec tion-put the cans in one trash can, glass in another, 
garbage in another and so on. Some people will do 
this kind of separation but most people find it irk­
some to the point where it is politically difficult to 
get such a program adopted. 

If for no other reason than cost, collection is an 
area that cries out for a new technology. Some ges­
tures have been made toward improvement in the 
form of home compactors . Such devices reduce vol­
umes and lead to less frequent collections and better 
pay loads but they do not seem to me to b e an an­
swer to the problem. Garbage disposals that grind 
or~anic material and mix it with water to make a 
slurry that can be discharged into conventional sewer 
lines may point the way. vVhatever the ultimate solu­
tion to this problem, clearly it is a critical element 
in the overall problem that inhibits effective employ-

ment of re-cycling techniques and constitutes a major 
portion of waste management costs. 

FINANCIAL ARRANGEMENTS 

Financing waste management programs is another 
matter of critical importance. In a free market 
economy cost of disposal is not built into the price 
of a product. Raw material costs, production costs, 
distribution costs are all incorporated into the price 
of an item. The cost of disposal, rightly or wrongly, 
has been assumed by the community and paid for 
out of tax dollars. Since people do not like to pay 
taxes, the most politically expedient approach to 
financing waste management activities has been to 
spend as little money as possible on the activity. 
This is the major reason that 70% of the solid waste 
disposal faciliti es in American municipalities are still 
open dumps. It is vvhy scarcely 6% of the municipal 
incinerators meet acceptable standards . It is why 
only 12% of the so-called sanitary landfills are satis­
factory. Indeed, .. a dramatic illustration of the point 
from which our; cmTr:nt attack on waste begins is 
the fact that one of the objectives of the Bureau 
of Solid vVaste Management is simply to reduce the 
number of open dumps by 5000 in the next 5 years. 
The principal barrier is money. 

This situation has naturally encouraged public of­
ficials and legislators to seek - out new methods of 
financing waste management. There are several pro­
posals under consideration, some of which have been 
put into practice. One method, aimed at industrial 
operations, establishes waste disposal standards to 
which all manufacturing establishments in a given 
product category must conform . Providing the stand­
ards are realistic this tactic has considerable merit. 
It would force manufacturers to provide waste dis­
posal facilities for their manufacturing operations and 
thereby make that element of the was te management 
problem a part of the cost which would be reflected 
in the price. It is important, however, that the re­
quirement be uniform otherwise it would give com­
petitive advantage to one company that did not have 
to incur expenses that another company was obliged 
to assume. i\1Iy own company has assumed this bur­
den voluntarily. A few months ago om President, Mr. 
Hinman announced that the International Paper (I.P.) 
Company would spend in excess of $100,000,000 to 
equip all of our 26 paper mills with the best available 
devices for water and air treatment. It is believed 
that by 1974 we will return water to the rivers that 
is in a better condition than it was b 2fore we used it. 
Even the odor ass_ociated with paper making will b e 
almos t completely eliminated. 

A second method to achieve the objective of build­
ing disposal costs into a product is through a direct 
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tax on the product-! suppose a gasoline tax ear­
mmked for highways is something of a precedent. 
Many states are considering proposals along this 
line. There are problems associated with this idea, 
one of the most important being uniformity. State 
taxes raise the specter of 50 different kinds and de­
grees of taxation. Problems we have encountered in 
labeling and duplicate inspections in the milk in­
dush·y are ample illustrations of the kind of problems 
that could be encountered. 

At this time the most significant new development 
of financing such programs has b een utilization of 
Federal government financial resources. I have al­
ready mentioned research grants. Of more immedi­
ate impact is the encouragement offered to muniCi­
palities through direct federal financial support for 
construction of new waste disposal facilities. 

If I have been successful in my exposition up to 
this point it should be apparent that despite the mag­
nitude of waste management problems the broad 
vision of how to meet the challenge that it represents 
has been described. The necessary technology is 
b eing developed and, as always happens, improve­
ments in technology will follow rapidly once the 
first bold moves have b een made. Furthermore, we 
have seen that both the public and private sectors 
have recognized the costs involved and have either 
adopted measures or are creating measures that will 
satisfy that part of the equation . Most important of 
all is the inspiring fact that many men and women 
of abi.Jity and energy are devoting their talents to a 
resolution of this problem. Yet , in spite of the de­
monstrable progress that has been made_·'and the excit­
ing prospects that are likely to b e reaHzed in the near 
future, the major and most difficult part of the prob­
lem still remains. For when all is said and done, 
when all the technology is reviewed and all the num­
bers are analyzed the b asic issue stands in all its 
formidable simplicity. That issue is people. Pollu­
tion, on the st.ll'face, is a physical problem, a problem 
of gases and· ·solids and liquids in the waste stream. 
But behind this physical aspect of the problem are 
people, people vvith their attitudes, th eir understand­
ing, their emotions, their strengths, rmd their weak­
nesses but above all with their will. 

P EOPLE ARE CHALLENGED 

In his monumental work, A Study of Hist01·y, the 
British historian, Arnold Toynbee, identifies 21 ci,iili­
zations that have come into exis tence, gone through 
a cycle of growth, maturity, decline, and in most 
instances disappearance. Only one of the 21 exists 
today as a living, driving force . That, of course, is 
our own western civiliza tion that has spread its in­
flu ence over all the ear th. 

Professor Toynbee sought an answer to the birth, 
growth, and death of civilizations. Why did they 
come into being in the first place? · Why did they 
grow? Why did they stop growing and die? H e t 

concludes that societies move out of a primitive state 
into the more advanced stage called civilization as 
the result of a successful response to a challenge. 
Something happened that forced people to adopt 
new ideas, to create new technologies and new in­
stitutions . There was a challenge that demanded an 
appropriate response. Where that response was forth­
coming growth took place. Growth led to new chal­
lenges requiring new responses. This sequence of 
challenge and response resulting in growth continued 
until · the society encounted a challenge to which it 
was unable to formulate an adequate response. At 
that point the society ceased to grow and b egan the 
long decline that ended in oblivion. 

The fascinating thing about this challenge and re­
sponse sequence is that in the b eginning challenges 
were external, generally physical, outside of the so­
ciety. As these external challenges were met an en­
vironment favorable for growth of people took place. 
Gradually, almost imperceptably, the nature of the 
challenges changed from outside the society to within 
the society. Instead of physical problems they b e­
came people problems, problems of human relation­
ships. It was this ch allenge that all previous civili­
zations failed to meet. The most casual review of 
our problems today shows that we, in our turn, are 
face to face with the great challenge of human re­
lationships. 

One of the most critical elements in the existence 
of any society, large or small, is leadership . Toynbee 
calls this the Dominant Creative Minority. This is 
the leadership group . ' iVhen the Dominant Creative 
Minority no longer commands the confidence of the 
majority that it leads, society b egins to disintegrate 
and a new one takes its place. 

ToDAY's CmsES 

What I find most disturbing in our national life 
today is not the caliber of the responses that we have 
formulated and are formulatin g to the exh·aordinarily 
difficult challenges that we face. ·what is disturbing 
is the apparant failure of the majority to understand 
the significance or effectiveness or even the existence 
of those responses. The result is a loss of confidence 
in the Dominant Creative Minority. If one is to 
believe the daily doses of evil tidings we receive from 
the communication media nothing good ever happens 
any more. In its foreign relations the government 
is an imperialist aggressor dominated by a military­
indush·ial complex. Domestically it is in the service 
of corporate powers and unresponsive to the needs 

' 
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of the people. The business world is preoccupied 

with profits. Our educational institutions are archaic 

dealing in irrelevant educational programs. The en-

. vironment is polluted beyond reP"'lir. It is little won­

der that, confronted with this catalogue of woes , 

large numbers of people, p>articularly young people, 

are disenchanted with the leadership or the older 

gel'leration or the establishment that has brought about 

these conditions. As a result there is a lack of con­

fidence in our ability to find answers to these prob ­

lems through the existing instih1tions. The rise of 

the technique of massive demonsh·ations, of direct 

action of picketing or petitions or p olitical activism 

is an indication of this lack of confidence. In its 

more extreme form the direct action technique b e­

comes riots, bombing, and violent confrontation . 

Recently I had a conversa tion with a young man 

who was a graduate student at one of our eastern 

universities. W e discussed the phenomenon of cam­

pus unres t and, as you might e>.:p ect, ultimately got 

to the subj ect of war and Vietnam. H e held the 

popular view of the military-industrial complex con­

spiracy, economic imperialism, and a leadership in­

sensitive t<J the will of the people. I suggested that 

there was another side to the story and that he might 

find it illuminating to read the documents , speeches, 

reports, and position papers relating to Vietnam. I 

pointed out that they were readily available from the 

State Depa1tment. His answer, devastating in its 

implication, was, ""Well , I don't believe much of any­

thing that comes out of the Sta te D epartn1ent." ow 

bear in mind that this was no wild-eyed kook but a 

fine, intelligent yow1 g man with 17 or more years of 

high priced education behind him . Yet he would 

not accept an official statement from a D eparhnent 

I of the United States government as somethin g that 

he could believe. Call it the "generati on gap" or the 

"credibility gap" or what you will. The aw~some 

fact is that he no longer· had any confidence ir1 the 

leadership of the existing D ominant Creative Mi­

nority. How widespread, how deep this attitude is 

I do not . know. Certainly the incidence of campu s 

unrest, the commentaries of journalists and television 

celebrities, as well as the general bad connotation of 

such terms as "bureauocracy" and ""p olitician" sug­

ges t that the a ttitude · is widespread aud deep . Pos­

sibly one of the most" eloquent expressions of thi s 

strange phenomenon was given by a popular ac t­

ress last winter. She was in the audience at a panel 

discussion staged by a popul ar talk sb ow on the 

occasion of one of the moratoriums. Comments 

we~·e invited from · the audience and the acress, her 

voice sb·ained with ·emotion, said, "Don't you under­

stand. Millions of young people are trying to tell 

you that you've made a goddomn mess of the world." 

Yet of all the sh·ange aspects of this strange and 

baffli ng period is the fact, and it can be documented 

beyond any shadow of doubt, th at prob ably n o other 

period in the history of mankind h as seen such prog­

ress as that which h as been achieved during the pas t 

four decades . In technology, in economics, in the 

arts, in the social sciences, achievements have b een 

little short of spectacular. Poverty, often called the 

"shame of America" has been reduced to the lo-i~' es t 

point in our national history. And last year alone the 

number of peopl e offi cially classified as "l?oor" was 

reduced by 5%. In government, creative stimulating 

responses to enormously difficult challenges have b een 

made in the vast number of areas of which the present 

system of Federal :tvlilk :Marketing orders is but one 

small illustration. Achievements in the field of- public 

health is another example. A whole new -b ody of 

jurisprudence, called Adminish·ative law has come 

into being. o matter where one looks, crea tivity, 

im agin ative responses, inspiring new developments 

h ave combined to establish a record of unparalleled 

achievement. But opposed to this real record of re­

markable responses_.to complex challenges is the doc­

trine of despair, 0f pess imism, of doubt, and dis­

belief. 

There are many reasons why this situation exis ts. 

It seems to me, however, that a principal one is the 

error of considering existence of problems an indica­

tion of failure. The point tha t needs to be grasped 

is the relationship b etween the challenge and the re­

sponse. It is not the challenge that is the measure 

of success or failure, it is the resp onse that is crucial. 

I am not particul arly concern ed with the existence of 

problems in our society for there have always be:n 

and always will be problems . Iviy concern is with 

the nature of the responses to those challenges. 

Possibly a basic cause of equating problems with 

failure rather th an lookin g at the nature of the re­

sponse is the fact that we live always on the utmost 

extremities of human experience. No one has ever 

gone beyond this point in time. Beyond is the vas t 

eternity of the unknown. I t is this t11at gives valid­

ity to the statement that the hindsigh t of the sim­

plest schoolboy is often superior to the fores ight of the 

mos t exalted sta tesman. 

So it is wi th ecology and with the nature of the 

environment in which we shall live. It is the nature 

of men that in solving one problem new problems 

will be created \~· hi ch require new solutions. The 

bulk farm tank , for exampl e, was an excellent solu­

tion to problems in milk handling but utiliza tion of 

bulk tanks gmeratec a whole new set of problems, 

problems in measure1 nent, in quality control, in fi­

nancing, in logisti cs . Bu t the fact that these new prob­

lems came in to being did no t vitia te the virtues of 

the bulk tank as a solution to a problem. It is easy to 
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look back on the events of yesterday and say we 
should have done this or that. But the thing that 
separates the men from the boys is the will to attack 
the new problems rather than to withdraw into a 
cocoon of despair simply because the problems exist. 

Our problems of water, air, and land pollution are 
finite, as the numbers I cited demonstrate. That there 
can be solutions to these problems is apparan t as some 
of the exciting new developments such as the CPU 
400 indicate. Technically, although the problem is 
Bunyanesque in scope, it can b e solved. There is no 
question in my mind whatsoever that the technology 
is emerging that can meet the challenge. The real 
problem is a problem of will. We shall not fail for 
want of technical competence. \ i\Te shall only fail 
for want of the will to succeed. I am an optimist 
by nature. I cannot review the long, torturous his­
tory of mankind without b eing impress:od by the folly 
and tragedy that marks that laborious journey. And 
yet inspite of all the bitter, terrible nature of that 

story there always emerges in all its wonder and 
glory the tenacity and strength and soaring courage 
of the human spirit. I, no more than you, can look 
into the dim reaches of tomorrow and defin J with 
certainty the shape of things to come. I only know, 
as you must know, that out there is where our des­
tiny lies . W'e can never turn back. All that we can 
do is sail on and on, forever on uncharted seas. And 
so I cannot embrace the philosophy of despair. I 
stand, as must we all, aware of the great challenges 
but ready and able to meet them as did our fathers 
and their fathers before them. The great response to 
the ecological problems of our industrial society will 
not come from the outside, they will come· from with­
in omselves. For it matters not how dark the gate, 
how crovvded with punishment the scroll. Vl hat 
matters is that we believe in our competence and 
strength, that we believe in ourselves, that we under­
stand that we and we alone are the masters of ou 
fate, that we are the captains of our souls. 

REPORT OF THE EXECUTIVE SECRETARY 
AND MANAGING EDITOR, 1969-1970 

This marks the end of the 19th and the beginning of the 
20th year I have been making these reports at our Annual 
Business Meeting. I hope you will forgive me for making 
a personal observation in this report. The most outstandin g 

"_occurrence this year, as far as I am concerned, was the action 
taken by the Executive Board in setting up a retirement plan 
for me. I am very grateful and hope definite plans will be 
instituted to provide such a plan when the person who replaces 
me is employed. 

I am happy to report that we are still in excellent condition 
financially. Our net income for the past year is over $3000. 
\1\-'hile this is not as large as last year because of the economic 
situation, it is still satisfactory. Our total income was sligh tly 
high er than last year which set a record for us but increased 
costs r educed om n~t . 

Our affiliate membership dropped some but our direct m : m­
bership and subscriptions increased thus maintaining the 
ci rculation of the Journal at over 4000 copies per month. 
Affiliate collection of dues was not as good as last year and 
continu es to be a problem. 

The considerable expansion of th e ]oumal has increased 
its value t; the membership without any increase in cost to 
them. The increase in food articles has begun to attract more 
and more people in all areas of the food industry and, as I 
have predicted many times, will lead to increased membersh"p 

in this area. The August, 1970 ]oumal will be the largest 
we h ave ever published. 

Our work with the egg industry on E-3-A Sanitary Standards 
is progressing rapidly and we hope to initiate the 3-A program 
in other areas within the next year . I have made three recom­
mendations to the Executive Board: (a) set up a very active 
committee on m embership (this is h ard to do but I do need 
help in tlus); (b) provide a committee to work with me on 
advertising-with the considerable amount of material on food 
in the Journal, we should attract more advertising by the food 
industry; and (c) make definite plans for hiring and training 
my successor. 

I attended the usual number of meetings, published 12 
issues of the ]o 11.mal, and perform ed all the routin e chores 
wluch are necessary to th e job but which becomes quite 
repetitious to report each year. 

\1\Tith the added emphasis on all phases of sanitation and 
prevention of contamination th ere appears to be a very bright 
future for the Association and all our members. May we ·· 
discharge our obligations with distinction. 

Again for the 19th tim e it has been a privilege to serve y.)u. ~ 
Respectfully submitted, 

H. L. " R ED" THO!v!ASSON 

Execu tive-S ecretary, IAMFES 
Managing Editor, ]ounwl of M·ilk and Food T echnology 
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A DIFFERENTIAL BROTH FOR SEPARATING 
THE LACTIC STREPTOCOCCr 

M. s. R EDDY, E. R. VEDAlVfUTHu, Ai'.T]) c. vv. R ErNnoLD 

Depa~tment of Food Technology 
Iowa State University 

· Ames, Iowa 50010 

( Received for publication September 17, 1970 ) 

ABSTRACT 

Arginine degradation and citrate utiliza tion, the major dif­

ferentiating characteristics among lactic streptococci, formed 

the basis of a differential broth for separating Streptococc11s 

cremoris, Streptococcus lactis, and Streptococcus d iacetilactis 

strains in pure cultures. 

The medium contains milk as th e sole source of carbohydrate 

( lactose), arginine and sodium citrate as specific substrates, 

and a suitable pH indicator (bromcresol purple), in addition 

to other ingredients. The pH of th e medium is adjusted to 

6.2 ± 0.05 (which becomes 6.15 ± 0.05 after sterilization) 

to increase citrate utilization and the broth is dispensed into 

test tubes containing Durham fermentation tubes. Streptococ­

cus cremoris produces a yellow reaction (acid) in the broth. 

St·reptococcus lactis initially turns the broth yellow, but on 

liberation of NH3 reverses the color back to the original 

violet hu e. St·reptococcus cliacetilactis produces a violet re­

action, and CO, accumulates in the Durham fermentation 

tubes from the ferm entation of wdiwn citrate. 

TI1 e most commonly used starter microorganisms in 

the dairy industry belong to Sherman's lactic group 

of the genus Streptococcus (2). Bergey's Manual of 

Determinative Bacteriology (1 ) recognizes only Strep­

tococcus la.ctis and Streptococcus cremoris as mem­

bers of Sherman's lactic group. Sandine et a1. (7) 

have shown that Streptococcus diacetila.ctis also should 

he included in this group. Routinely, members of 

; this group ,are differentiated by several biochemical 

tes ts (4, 5, 6); the major tests being arginine hydrolysis 

(6) and King's test for diacetyl and acetoin (4). Among 

the lactic streptococci most strains of S. la.ctis and 

S. cUacet-ilactis can deaminate arginine; S. cremor·is 

lacks this ability. Streptococcus d·ia.cetila.ctis is the 

only species able to rapidly utilize cih·ate to produce 

C02, diacetyl, and its reduced C1 compounds. iven 

et al. (6) were the first to differentiate S. lactis from 

S. cremoris, on the basis of arginine hydrolysis. This 

differentiation "vas based on detection of H3 liber­

ated from arginine with Nessler's reagent. Later, 

Mikolajcik (5) described a broth in which arginine 

hydrolysis could be demonstrated by incorporating 

an acid-base indicatqr. 
A disadvantage of the media described by Niven 

et al. (6) and ~ilikolajcik (5) was that S. diacetilactis 

'Jouniril Paper ·o. J-6727 of the Iowa Agriculture and Home 

Economics Experim ent Station, Ames, Iowa . Project o. 

1839. 

~· 

B 

Figure 1. Photograph taken with yellow-sensitive fihn 

showing reactions in the differential broth by S. lactis C,F­

violet indicator color and no gas (left ), S. cremmis \tV-yel­

low indicator color and no gas ( middle) ' and s. aiacetilactis 

18-16-violet indicator color and gas ( right ), after 48-ln: in­

cubation at 30 C. 

also gave a reaction similar to S. lactis. Sandine et al. 

(7) described another broth that could b e used to 

separate the citrate-fermenting lactic streptococci 

from those that do not utilize the h·icarboxylic acid, 

by detection of CO• produced in the broth . 

Our investigation was undertaken to develop a 

single test broth that could differentiate between all 

three species in Sherman's lactic group, namely S. 

la.ctis, S. cremo1"is, and S. diacetila.ctis. Vle h·ied to 

combine the principles underlying the differential 

broths of Mikolajcik (5) and Sandine et al. (7) in the 

development of such a medium. Suitable modifi-
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J.'ABLE l. MAJOR IJIOCI-IE~l!CAL Cl-IAHACTEH!ST!CS OF IlEPHESENTATA\'£ LACTIC StreptOCOCCUS AND FOUH L e ii CO ilOStOC STHAl.NS AKD 

THEm HEACTIONS I N THE DIFFEHENTIAL BHOTI-1 

~tra in s 

S. lactis 
7963 
c.F 
E 
7962 

S. cremoris 
HP 
ML. 
sc, 
SCa 

S. diacetilactis 
18-16 
26-2 
DRCa 
31-2 

Leuconostoc 
C'itrovom m 
CAF-B 
Daa 

Leuconostoc 
dextmn-icum 
L.D. 
1145 

"Tested with Nessler's reagent. 

l\ll3 in 
Niven's 
broth" 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

King's 
test" 

+ 
+ 
+ 
+ 

"Colorimetric detection ~f diactyl-acetoin with a-naphthol. 
··yell ow color. 
"Reversal of yellow color to violet (purp le). 
··coll ection in Durham fermentation tubes ( roughl y quantita­
tive). 

ca tions of Mikolajcik broth (5) were made to accom­
modate utilization of citrate in the presence of thE 
highly basic guanidyl amino acid. To readily observe 
COo production in the medium, Durham fermentation 
tubes were placed in the broth in the test h1bes. 

i\l.n'ERJALS AND METHODS 

Cultw·es · · 
Fourteen S. cremori~, 10 S. lactis, 13 S. diacetilactis, 2 

Leuconostoc citro vonnn, and 2 Leuconostoc de:~:tm.n ·icum 

strains were included in this invest iga tion . They were ob­
tained from culture coll ect ions a t the Deparhnents of Food 
Technology, _lowa State University; Microbiology, Oregon 
State University; and Food Science, University of \ ;visconsi.B.. 

Media 
The differential broth contained 0.5% tryptone, 0.5% yeast 

extract, 0. 1% K2HPO.,, 0.5% arginin e, 2% Na citrate, and 
0.002% bromcresol pmple. Three and one-half milliliters of 11% 
reconstituted Matriv milk ( Galloway-\•Vest Co. , Fond du Lac, 
\Vis. ) were added to every 100 ml of broth and steamed fo r 15 
min . The lactose content of th e broth was considered approxi­
mately equal to 0.175%. The pH of th e mixtme was adjusted 
to 6.2 ± 0.05 after it was cooled to mom temperatum. The 
broth, in 7 -ml quantities, then was dispensed into screw capped 
test tubes ( length 126 mm and neck 10 mm intern al diam eter, 

Coagulation n cactions in broth 
of mill\ in 
48 hr at ?\H d 30 c Acid ~' 

3 

+ + 
+ + 
+ .+ 
+ 

+ + 
+ + 
+ + 
+ + 

+ 
+ 
+ 
+ 

NC• 
NC' 

"· f ' 
GR" 
NC" 

'Tested up to 72 lu of incubation. 
•No change. 
''Growth and very slight acid. 

+ 

+ 
+ 
+ 
+ 

lMinute amounts of gas observed onl y after 3 
tion. 

Gase 

+ 
+ 
+ 
+ 

days of incuba-

Pyrex No . 9825 containing Durham tubes and was steriLi zed 
nt 121 C for 15 min. 

One loop-full amounts of active 18-hr milk cultures were 
used to inoculate th e tubes . At th e time of inculation the 
pH of th e medium should be 6.15 ± 0.05. The test tube 
caps were tightly closed to prevent escape of liberated am­
monia and C02, and in cubation was at 30 C. Indicator color 
reactions and CO, accum ulation were observed at 24-hr in­
tervals fo r 72 hr. 

R ESULTS AND DISCUSSION 

In most instances, reactions were complete in 24 
to 48 hr. After 24-hr incubation, all tubes were tapped 
a few times to liberate residual gas from the medium. 

Streptococcus lactis tumed the broth color first to 
yellow by production of lactic acid and later reversed 
the reaction to violet because of liberation of NH3. 
Streptococcus cremmis, on the other hand, produced 
a deep-yellow color. In addition to reversing the in­
dicator color, S. cliacetilactis produced copious 
amounts of C02 within 48 lu·, which collected in the 
Durham fermentation tubes. Further, S. d:iacetilactis 
produced a more imtense purple than S. lactis . The 
reactions in the broth are shown in Fig. 1. 

, 

; 
( 
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Streptococctts diacetilactis failed to produce gas 

when the pH values were high; ·i.e., pH ~ 6.8. Ad­

justing the pH of the cooled medium to 6.2 -+- 0.05 

before sterilization resulted in copious gas production 

and good differentiation. This is in keeping with the 

pH optima for cih·ate permease of S. diacetilactis and 

Leuconostoc species as described by Harvey and 

Collins (3). 

A total of 40 strains belonging to the species S. 

lactis, S. cmnw1·is, and S. diacetilactis were tested in 

the broth in pure cultures . . All gave good growth and 

excellent differentiation. In addition, four sh·ains of 

starter Leuconostoc species also were tested in this 

medium. Minute amounts of gas production were 

observed with two strains of L. dextmnicum after 3 

days of incubation. The nvo L. citrovorum strains 

failed to produce gas even after prolonged incubation . 

No appreciable color change in the violet differential 

broth was observed with the Leuconostoc cultures. 

Results of the reactions in the differential broth along 

with reactions in previously described biochemical 

tests (4, 6) for 16 representative sh·ains are summar­

ized in Table 1. 

Arginine hydrolysis by starter strains grown in this 

broth can further be confirmed by testing portions 

of the culture with Nessler's reagent on a porcelain 

spot plate. Positive results are indicated by a deep­

red precipitate. 

This differential broth has wide application in the 

starter-culture indush·y and in routine laboratory 

work. The broth also is suitable for qualitative dif­

ferentiation of individual colonies developing on agar 

plates containing dilutions of several commercial start­

er cultures. It simplifies biochemical identification 

of lactic sh·eptococci. 
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REPORT OF THE COMMITTEE ON 
FOOD PROTECTION, 1969-1970 

ln previous reports to the membership, this Committee has 

discussed the desirability of convening a National Conference 

on Food Protection. It is now possible to state that a National 

Conference on Food Protection will be held in Denver, Colo­

rado in April 1971 . The Food and Drug Administration has 

contracted with the American Public H ealth Association to 

conduct the Conference. A great deal of planning still re­

mains to be done. However, the Conference will run about 

fom days, and will be designed to be an action meeting. 

Specific proposals are expected to be forthcoming from the 

Conference to improve food protection programs in this 

country. Invitations to participate will be sent to all interested 

govenm1 enta l, professional, and trade organizations. 

Present p lans call for work groups to study the following 

problem areas and recommend solutions. 

(a) Control of contamination of raw agricultural and marine 

products. 
(b) Control of contamination of processed foods. 

(c) Prevention of mishandling dming preparation of foods 

in commercial and institutional food service operations. 

(d) Consumer education to minimize abuse of foods in the 

home. 
(e) Development of an improved system for detection, in-

vestigation, and reporting of microbial hazards associated 

with foods. 
(f) Coordination of regulatory activities among the govern­

mental agencies and with industry control programs. 

(g) Training and utiliza tion of professional and non-pro­

fessional manpower. 

(h) D evelopment of public acceptance and political support 

for food protection programs. 

(i) Selection and use of criteria for evaluating p rogram ef­

fectiveness. 

(i) Needs for research, surveillance, and related technical 

activities in support of a national food protection pro­

gram . 

This, of course, can only be an interim report, since, much 

remains to be done in planning a Conference of this scope. 

The Chaim1an and Vice-Chairman of this Committee have 

been involved in the preliminary planning, and it is our hope 

that th e entire Committee will become involved in th e Na­

tional Conference on Food Protection. 

David Kronick, Chief, Milk & Food Section, Environmental 

H ealth Services, D ept. of Public H ealth, 500 S. Broad St., 

Philadelphia, Penna. 19146. 
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QUALITY AND ECONOMIC CONSIDERATIONS 
IN THE DATING OF MILK' 

IV. MILK HANDLING PRACTICES IN STORES. DIFFERENCES 
BETWEEN DATING AND NON-DATING MARKETS 

E. D. GLASS, Jn., AND G. H. "WATROUS, JR. 

Division of Food Sc ience and Industry 

and 

\V. T. BuTZ, \V. F. JoH ' STONE, AND c. vV. PIERCE 

Department of Agricultural Economics and Ruml Sociology 
The Pennsylvania State University 

University Park, Pa. 16802 

( Received for publica tion August 10, 1970) 

ABSTRACT 

New York Oity vs. Chicago 
Milk was found to be significantly less available in the dat­

ing market than in the non-elating market. A higher incidence 
of special deliveries was noted in the elating market than in 
the non-dating market. Milk inventories maintained in the 
dating market were significantly lower than milk inventories 
maintained in the non-elating market. Returns due to date 
or code e;>,.-piration were identical for the dating and non-dating 
markets and so few as to be of no consequence. 

B·irmingham vs. Montgomery 
Milk was found to be slightly less available in the drting 

market than in the non~datin g market but the difference was 
not statistically significant at accepted confidence levels. A 
higher incidence of special deliveries was noted in the dating 
market than in the non-dating market. Milk inventories main­
tained in the dating market were slightly lower than milk in­
v.en tories maintained in tl1e non-dating market. 

Camden vs. Philadelphia 
Milk was found to be slightly less available in the da tin g 

market than in the non-dating market" but the differ nee was 
not statistically significant at accepted confidence levels. Spe­
cial deliveries were so few as to be of no consequence in either 
the dating or non-dating market. Milk inventories maintain­
ed in the elating and non-dating markets were identical. Re­
turns clue to date or code expiration were identical for the elat­
ing and non-dating markets and so few as to be of no conse­
quence. · 

The principal objective of this phase of the study 
was to determine differences in store milk handling 
practices between dating and non-dating market 
stores, with particular emphasis placed on differences 
in milk availability. 

Surveys of milk handling practices by stores were 
conducted in three paired sets of markets during the 
period from August to December 1969. Paired sets 
of markets surveyed included: ew York City, 1 ew 
York ( dating ) and Chicago, Illinois (non-dating) ; 
Birmingham, Alabama ( dating) and Montgomery, 
Alabama (non-dating) ; and Camden, ew Jersey 

'This study was financed b y the Milk Industry Foundation. 

( dating) and Philadelphia, Pennsylvania (non-dat­
ing ) . Of the dating markets surveyed, expiration date 
labeling is required in ew York City and Binning­
ham (Jefferson County) . Time of pasteuriza tion , 
dating is r~ quired in Camden (State of New Jersey). 

Selection of stores (chain vs. independent ) in the 
markets surveyed was based on shares of food sales in 
each of the markets in 1966 and the assumption that 
share of milk sales in stores would approximate share 
of food sales. , · · ;11 

Store enumerations were conducted in each market 
by professional enumerators experienced in data col­
lection . Enum ~rators were instructed in the use of 
the questionnaire prior to the store enumerations. 

R ESULTS AND DISCUSSION 

l l" -STORE H ANDLING PHACTICES: 

NEw YoRK CrrY Vs. CHICAGO 

S ize of store and sales chamcte'l'istics 

Thirty food stores in the dating market (New York 
City ) were enumerated. During the calendar week 
(Sunday to Saturday) previous to the date of enu­
meration, the 30 stores reported weekly sales ·of 
104,850 quart-equivalent units of whole homogen­
ized milk, or average weekly sales of 3,495 quart­
equivalent units p er store (Table 1 ) . Thirty food 
stores also were enumerated in the non-dating market 
(Chicago ). During the calendar week previous to 
the date of enumeration, the 30 stores reported week­
ly sales of 153,167 quart-equivalent units of whole 
homogenized milk, or average weekly sales of 5,106 
quart-equivalent units per store. The 30 stores in 
the dating market were open a total of 184 days 
(average of 6.13 days per week) as opposed to 202 
days for the 30 stores in the non-dating market (aver­
age 6.73 clays per week). 

There were more small stores in the dating market 
sample than in the non-dating market sample (Table 

;. 
I 
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T ABLE l. SALES OF WHOLE HOMOGE IZED MILK BY SAi\!PLE 

ST ORES IN NEW YORK CITY AND CHICAGO. 

Total weekly sales 
Average weekly store sales 

Range of weekly store sales 

Average daily store sales 

Range of daily store sales 

S ew York City Chicago 

Datinb marli.et Kon-da ting marl\el 

( 30 stores) ( 30 stores) 

- ( Quart-equivalent units)-

104,850 153,167 
3,495 5,106 

560 to 9,408 420 to 13,125 
570 758 

80 to 1,568 60 to 1,875 

-· --· - - -- - - - ------- - ------

2 ) . For example, over three-fourths of the stores in 

the dating market had daily sales of 800 quarts or 

lt'ss . In the non-dating market, only one-half of the 

stores had daily sales of 800 or fevver quarts . 

A total of 21 different brands ( including seven 

priva te label brands ) packaged by 17 processors were 

enumerated in dating market stores . Dating market 

stores carried an average of 1.7 brands and were 

served by 1.4 processors per store. In non-dating 

market stores, a total of 12 different brands ( includ­

ing five private label brands ) packaged by nine pro­

cessors were enumerated . Stores in the non-dating 

market carried an average of 1.2 brands and were 

served by 1.1 processors per store. 

D el-ivery practices 

During the calendar vveek previous to the date of 

enumeration, the 30 stores in the dating market sam­

ple were open 184 days and received regular deliver­

ies on 180 of those days. Thus, these stores received 

delivery on 97.8% of the clays that the stores were 

open. During the same period, the 30 stores in the 

non-elating market sample were open 202 days and 

received regular deliveries on 173 of those clays or 

85.6% of the days that the stores were open . 

All dating market stores received regular deliveries 

of milk 6 clays per week. In the non-dating market 

sample, stores received regular deliveries of milk an 

average of 5.77 clays per week. A comparative fre­

quency distribution of delivery days per week for 

sample stores in the · elating and non-dating markets 

is presented in Table 3. 

M·ilk availability and sp ecial d eliver·ies 

Significant differences in milk availability were 

noted between dating and non-elating market stores. 

Fourteen of the 30 stores ( 46.7%) in the elating mar­

ket reported selling out of whole homogenized milk 

one or more clays during the calendar week previous 

to the date of enumeration (Table 4). These 14 

stores reported selling out before closing a total of 

30 times. During the same period , one of the 30 

stores ( 3.3%) in the non-dating marht reported sell­

ing out once prior to closing. Store closings without 

whole homogenized milk on hand-expressed as a 

percentage of store closings-yielded figures of 16.3% 

and 0.5% for dating and non-elating ~arket stores, 

respectively. An analysis of the difference in store 

closings without whole hon1ogenized inilk on hand 

between the dating and non-elating markets indicated 

that the observed difference was statistically signifi­

cant ( the observed difference could have occurred 

clue to random variation or chance less than one time 

in 100 ) . 

Special deJI\,eries of whole homogenized milk dur­

ing the calendar week previous to the elate ?f enu­

meration numbered seven and one for dating and 

non-dating market stores, respectively. Special de­

liveries of whole homogenized milk-expressed as a 

percentage of the number of days that regular de­

liveries were received-yielded figures of 3.9% and 

0.6% for dating and non-dating market stores, respec­

tively. 

M-ilk in uentories 

The previously cited differences in milk availability 

were also reflected in differences in inventories for 

dating and non-dating market stores. The 30 elating 

market stores reported average daily closing time 

inventories of whole homogenized milk totaling 1,581 

quart-equivalent units and average daily sales (week­

ly sales/ days open ) totaling 17,265 quart-equivalent 

units during the calendar week previous to the date 

of enumeration . Twenty-nine non-elating market 

stores (one store would not provide inventory in­

formation ) reported average daily closing time in-

TABLE 2. AVEHAGE DAILY STORE SALES OF WHOLE HOl\IOGEN !ZED M ILK BY STORZ SIZE IN NEW YORK CITY AND CHICAGO. 

~ew York City Chi cago 

Oating market 1\on-dating marl\et 

Arc rage dail y So. of % of stores 1\o. of % of stores 

store sales sto res Class Cum. s tores Class Cum. 

( Quart-equivalent 
units) 

1- 400 8 26.7 26.7 7 23.3 23.3 

401- 800 15 50.0 76.7 8 26.7 50.0 

801-1,200 6 20.0 96.7 12 40.0 90.0 

1,201-1,600 1 3.3 100.0 2 6.7 96.7 

1,601-2,000 1 3.3 100.0 

., 
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TABLE 3. DELIVERY DAYS PER WEEK FOR SAMPLE STORES IN TABLE 5. SALES OF WHOLE HOMOGENIZED MILK BY SAMPLE 

NEw YonK CrTY AND CmcAGO STOREs IN Brnl\•I LL""GHAl\•I AND MoNTGOMEHY 

Delivery l\ew Yo•·k City 
days Dating market 
per l\o . of % of stores 

wceh: stores ·Class Cum. 

6 
5 

30 100.0 100.0 

. Ch icago 
Non-da ting market 

' o. of . % of stores 
stores Class Cum. 

23 
7 

76.7 
23.3 

76.7 
100.0 

T ABLE 4. PROPOHTION OF STORE CLOSINGS WITHOUT WHOLE 

HOMOGENIZED MILK, NEW YOHK CITY AND CHICAGO. 

'New Y ork City Chicago 

Dating market Non-dating marlwt 

lt cm Number Per cent Number Per cent 

Stores in sample 30 100.0 30 100.0 
Stores closing wi thout 

whole homogen ized 
milk on hand 14 46.7 1 3.3 

Store closings 184 100.0 202 100.0 
Store closings without 

whole homogenized 
milk on hand 30 16.3 1 0.5 

ventories of whole homogenized milk totaling 10,997 
quart-equivalent units and average daily sales totaling 
2.1,680 quart-equivalent units during the calendar 
week previous to the date of enumeration . Average 
daily closing inventories of whole homogenized milk 
- expressed as a percentage of average daily sales of 
whole homogenized milk-yielded figures of 9.2.% and 
50.7% for dating and non-dating market stores, re­
spectively. 

Retums 
Returns or disposals of whole homogenized milk 

due to date or code expiration were almost identical 
for the dating and non-dating markets. During the 
calendar week previous to the date of enumeration, 
two of the 30 dating market stores reported returns 
or dispo~als totaling 50 quart-equivalent units due to 
date exl?iration . During the same period three of the 
30 non-dating market stores reported returns or dis­
posals totaling 75 quart-equivalent units due to code 
exl?iration. Returns or disposals of whole homog­
enized milk due to date or code expiration-express­
ed as a percentage of vveekly sales of whole homogen­
ized milk-yielded identical figures of 0.05% for the 
dating and non-dating market samples. 

T0tal returns reported in the processor survey for 
1 ew York City were 2..6% (Table 4, Part III) . Total 
returns (including returns due to date expiration) 
reported by sample stores in New York City were 
0.33%. The differences between levels of retmns 
noted in the two surveys may have been the result 
of different definitions of returns. In the store sur­
vey, all returns reported had to have been delivered 

Total weekly sales 
Average weekly store sales 
Range of weekly store sales 
Average daily store sales 
Range of daily store sales 

Birmingham Montgomery 
Non-dating marh:et Dating marret 

( 29 stores) ( 30 stores) 
-(Quart-equivalent units)-

91,584 58,073 
3,158 1,936 

538 to 10,905 335 to 3,290 
506 317 

77 to 1,818 54 to 548 

to the store premises and subsequently returned to 
the processing plant or disposed of on the store prem­
ises. In the processor survey, on the other hand, the 
term returns might have been consh·ued by respon­
dents to include products which never left the truck 
as well as products which were returned from stores 
or otherwise disposed of. Another possible explan- ' 
ation for the higher level of returns reported in the 
processor survey is that the processor survey covered 
returns of all fluid dairy products while the store 
survey dealt only with returns of whole homogenized 
milk (see footn otes to Table 4, Part III ). 

Package marking 'in New York City 

In conjunction with the store handling practices 
survey, a package marking survey was also conducted 
in New York City. Under the ew York City dating 
statute, packages must bear the legend "may be 
sold until midnight of (followed by the first three 
letters of the month followed by the numeral 
or numerals constituting the appropriate calendar 
date)." The maximum allowable time between pas­
teurization and sale under the statute is 66 lu· and 
predating is not permitted . 

A total of 638 packages were selected at random 
by store enumerators in 20 New York City stores and 
examined to ascertain the package marking. All of 
the 638 packages examined were marked in con­
forman ce with the existing dating statute. None of 
the packages examined was found to be offered for 
sale after the expiration date marked on the package. 

one of the packages examined was predated. 

I N-STORE HANDLING PRACTICES: 

BrnMmGHAM Vs. MoNTGOMERY 

S'i;:;e of staTes and sales chaTacteristics 

Thirty-one food stores in the dating market (Birm­
ingham ) were enumerated. During the calendar 
week previous to the date of enumeration, 2.9 of the 
stores ( two stores would not provide sales informa­
tion ) reported weekly sales of 91,584 quart-equi­
valent units of whole homogenized milk, or average 
weekly sales of 3,158 quaTt-equivalent units per store 

, 
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TABLE 6. AvERAGE DAILY STORE SALES OF WHOLE HO:MOGENIZED ?.HLK BY STORE SIZE I N BlRi\HNGHAM Al'-.'D MONTGOMERY . 

Birmingham 

Daling market 

Ave rage daily -:\ o. of % of S(O l'CS 

store sa les stores Class 

( Quart-equivalent 
units) 

1- 400 15 51.8 

401- 800 9 31.0 

801-1 ,200 2 6.9 

1,201-1 ,600 2 6.9 

1,601-2,000 1 3.4 

TABLE 7. DELIVERY DAYS PEH WEEK FOR SAMPLE STOR ES 'I N 

BIRMIN GHAM AND MONTGOMERY. 

·n eli,·e ry Birmingham :\I ~ntgomery 

da ys Dating marl;;et 1\on- dating mar l;; et 

per :1\'o. of % of stores i\o. of % of stores 

week stores Class Cu m. stores Class Cum. 

6 1 3.3 3.3 

5 31 100.0 100.0 29 96.7 100.0 

'!on tgomery 
!\on-dati ng marlwt 

No. of % of stores 

Cum . stores Class Cum. 

51.8 20 66.7 66.7 

82.8 10 33.3 100.0 

89 .7 
96.6 

100.0 

processors per store. In non-dating market stores, 

a total of three different brands (no priv.ate label 

brands ) packaged by three proc~ssors werE<, enumer­

ated. Each non-dating market store carried the 

brands of all three of these processors. 

Delivery practices 
During the calendar week previous to the date of 

enumeration, the 31 stores in the dating market sam­

ple were open 193 days and received regular de-

TABLE 8. PROPORTION OF STORE CLOSI NGS WITHOUT WHOLE liverieS On 155 Of' those days Or 80.3% Of the days that 

HOi\IOG E• rz ED l\ULK, BrnMINGHAM AND MoNTGOMERY. the stores were open. In the dating market sample 

Birminrh am i\Iontgomery 

Da ling market ':\on- dating market 

Item umber J>cr cent -~umber P er cent 

Stores in sampl e 31 100.0 30 100.0 

Stores closing without 
whole homogenized 
milk on hand 4 12.9 1 3.3 

Store closings 193 100.0 183 100.0 

Store closings without 
whole homogenized 
milk on hand 5 2.6 1 0.5 

(Table 5 ) . Thirty food stores were enumerated in 

the non-dating market (Montgomery) . During the 

calendar week previous to the date of enumeration, 

the 30 stores reported weekly sales of 58,073 quart­

equivalent units of whole homogenized milk, or aver­

age weekly sales of 1,936 quart-equivalent units per 

store. The 29 stores in the dating market were open 

a total of 181 days (average of 6.24 days per week ) 

as opposed to 183 days for the 30 stores in the non­

dating market (average of 6.10 days per week ). 

There were more small stores in the non-dating 

market sample than in the dating market sample 

(Table 6 ) . To illustrate, two-thirds of the stores in 

the non-dating had sales of 400 quarts or less per 

d~. In conh·ast, slightly over one-half the stores in 

the dating market sold 400 or fewer quarts daily. 

A total of five diferen t brands (no private label 

brands ) packaged by five processors were enumerated 

in dating market stores. D ating market stores car­

ried an average of 2.8 brands and were served by 2.8 

fom stores reported receiving tv1o regular deliveries 

per day (a.m. and p.m. ) from one or more of the 

handlers serving these stores. During the same pe­

riod, the 30 stores in the non-dating market sample 

were open 183 days and received regular deliveries 

on 151 of those days or 82.5% of the days that the 

stores were open. A comparative frequency distri­

bution of delivery days per week for sample stores 

in the dating and non -dating markets is presented 

in Table 7. 

Milk aut ilab ility an cl special deliveries 

Slight differences in milk availability w ere noted 

between dating and non-dating market stores. Four 

of the 31 stores ( 12.9%) in the dating market report­

ed selling out of whole homogenized milk one or 

more days during the calendar week previous to the 

date of enumeration (Table 8) . These four stores 

reported selling out before closing a total of five 

times. During the same period, one of the 30 stores 

( 3.3%) in the non-dating market reported selling out 

once prior to closing. Store closings without whole 

homogenized milk on hand-expressed as a percent­

age of store closings-yielded figures of 2.6% and 0.5% 

for dating and non-dating market stores, resp ectively. 

An analysis of the difference in store clos.ings without 

whol e homogenized milk on hand between the dating 

and non-dating markets indica ted that the observed 

difference was not statistically significant ( the ob­

served difference could have occurred due to random 

variation one time in four). 

Special deliveries of whole homogenized milk dur-
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ing the calendar week previous to the date of enu­
meration numbered nine and one fc•r dating and non­
dating market stores, respectively. Special deliveries 
of whole homogenized milk-expre~:sed as a percent­
age of the number of days that regular deliveries 
were received-yielded figures of :5.8% and 0.7% for 
dating and ·non-dating market stores, respectively. 

Milk inventories 
The previously cited differences in milk avail­

ability were also reflected in slight differences in in­
ventories for elating and non-elating market stores. 
Only 22 of the elating market stores enumerated pro­
vided the requested sales and inventory information. 
These 22 stores in the elating market reported aver­
age daily closing time inventories of whole homogen­
ized milk totaling 1,798 quart-equivalent units and 
average daily sales totaling 8,920 quart-equivalent 
units during the calendar week previous to the date 
of enumeration. Only 25 of the non-dating market 
stores enumerated provided the requested sales and 
inventory information. These 25 stores in the non­
dating market reported average daily closing time 
inventories of whole homogenized milk totaling 2,310 
quart-equivalent units and average daily sales total­
ing 7,892 quart-equivalent units during the calendar 
week previous to the _ date of enumeration. Average 
daily closing inventories of whole homogenized milk 
- expressed as a percentage of average daily sales of 
whole homogenized milk-yielded figures of 20.2% 
and 29.3% for elating and non-dating market stores, 
re?pectively. 

' Returns 
Accurate returns information was not available at 

the store level in either the dating or non-dating mar­
kets. As a rule, store personnel were unable to pro­
vide the reque,sted information on returns inasmuch 
as processors in both markets routinely assumed com­
plete responsibility for rotating stock in the store 
dairy cas~ and replacing any date or code expired 
milk. '~i_lson (1) recently reported on a study, con­
ducted in 1966, of the comparative level of whole­
sale returns in Jefferson County and Montgomery.­
Returns of whole homogenized milk expressed as a 
percentage of wholesale sales were 6.3% and 2.7% for 
Jefferson C<;mnty and Montgomery, respectively. 

Package marldng ·in B·irmingham 
In conjunction with the store handling practices 

survey, a package marking survey also was conducted 
in Birmingham. Under tl1e Jefferson County dating 
statute, packages must bear the legend "legal sale 
throu'gh date above (followed by a calendar day of 
the month )." The maximum allowable time behveen 
pasteurization and sale under the statute is 120 hr 
and predating is not permitted . 

A total of 1,376 packages were selected at random 
by store enumerators in 20 Birmingham stores and 
examined to ascertain the package marking. Of tl1e 
packages examined, 1,347 (97.9%) were marked, in 
conformance with the existing dating statute. Two 
of tl1ese packages were offered for sale after the ex­
piration date marked on the package. Twenty-nine 
of the packages (2.1%) examined were unmarked . 
None of the packages examined was predated. 

IN-STORE H ANDLING PRACTICES: 

C AMDEN Vs. PHILADELPHIA 

S·ize of stores and sales characteristics 
Thirty-one food stores in the dating market (Cam­

den ) were enumerated. During the calendar week 
previous to the date of enumeration, 30 of the stores 
(one store would not provide sales information) re­
ported weekly sales of 119,877 quart-equivalent units 
of whole homogenized milk, or average weekly sales , 
of 3,996 quart-equivalent units per store (Table 9). 
In the non-dating market (Philadelphia ) 30 food 
stores were enumerated. During the calendar week 
previous to the date of enumeration, 27 stores (three 
would not provide sales information ) reported weekly 
sales of 108,472 quart-equivalent units of whole ho­
mogenized milk, or average weekly sales of 4,018 
quart-equivalent units per store. The 30 stores in the 
dating market were open a total of 200 clays (average 
of 6.67 days per week) as opposed to 168 days for the 
27 stores in the non-dating market (average of 6.22 
days per week). 

There were more small stores in the dating market 
sample than in the non-elating market sample (Table 
10). Four-fifths of the stores in the dating market 
sold 800 or less quarts daily; whereas in tl1e non­
dating market, slightly over 60% of tl1e stores had 
daily sales of 800 or fewer quarts. 

A total of 14 different brands (including six pri­
vate label brands) packaged by 11 processors were 
enumerated in elating market stores. Dating market 
stores carried an average of 1.1 brands and were 
served by 1.1 processors per store. In non-elating mar-

TABLE 9. SALES OF WHOLE HOMOGENIZED MILK BY SA~1PLE 

STORES I N CAMDEN AND PHILADELPHIA . 

Total weekly sales 
Average weekly store sales 
Range of weekly store sales 
Average daily store sales 
Range of daily store sales 

Camden Philadelph ia 
Dating market Non-dating market 

( 30 stores) ( 27 stores ) 
-( Quart-equivalent units)-

119,877 
3,996 

560 to 12,440 
599 

93 to 1,777 

108,472 
4,018 

300 to 9,340 
. 646 

43 to 1,557 

( .. 
I 
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TABLE 10. AVERAGE DAILY STORE SALES OF WHOLE HOMOGENIZED MILK BY STORE SIZE IN CAJviDEN Al'.'D PHILADE LPHIA 

Ca mden Philadelphia 

Dating ma rl<et Non-dating marl\et 

Average daily 
store sales 

No. of % of stores No. of % of stores 

(Quart-equivalent 
units) 

1- 400 
401- 800 
801-1,200 

1,201-1,600 
1,601-2,000 

stores 

10 
14 
4 
1 
1 

Class 

33.3 
46.7 
13.4 

3.3 
3.3 

ket stores, a total of nine different brands (including 
. five private label brands) packaged by seven pro­
cessors were enumerated . Twenty-nine of 30 stores 
in the non-dating market received regular deliveries 
from one processor only and the remaining store re­
ceived regular deliveries from two. In all instances, 
the number of processors serving stores and the num­
ber of brands received by stores were the same. 

Delivery pract·ices 
During the calendar week previous to the date of 

enumeration, the 31 stores in the dating market sam­
ple were open 207 days and received regular deliver­
ies on 161 of those days or 77.8% of the days that the 
stores were open. Dming the same period, the 30 
stores in the non-dating market sample were open 
187 days and received regular deliveries on 151 of 
those days or 80.7% of the days that the stores were 

open. 
Stores received regular deliveries of milk an aver­

age of 5.19 days per week and 5.03 days per week 
in the dating and non-dating markets, respectively. 
A comparative frequency distribution of delivery days 
per week for sample stores in the dating and non­
dating markets is presented in Table 11. 

Differences exist beh¥een the average delivery fre­
quency on wholesale routes reported in the processor 
survey (Table 2, Part III ) for 1 ew Jersey and the 
average delivery frequency reported by dating mar­
ket stores. An unweighted average of delivery fre­
quencies for small, medium, and large wholesale stops 
in New Jersey yielded an average of 5.76 days per 
week as compared to the 5.19 days per week reported 
in the store sm vey. · 

This difference could have resulted from several 
factors . First, the processor smvey covered pro­
cessors located throughout New Jersey, whereas the 
s,tore survey was conducted only in the Camden 
marketing area. ~econd, one of the larger processms 
included in the processor survey reported an average 
delivery frequency of 6.0 regular deliveries per week 
as opposed to an average of 4.8 deliveries per week 
calculated from information provided by stores served 

Cum. stores Class Cum. 

33.3 7 25.9 25.9 
80.0 10 37.0 62.9 
93.4 6 22.2 85.1 
96.7 4 14.9 100.0 

100.0 

by this processor. Finally, one other larg~ processor 
serving the Camden market did not respond to the 
processor survey. The average'. frequency of regular 
deliveries calculated from information provided by 
stores served by this processor was 4.7 deliveries per 
week. These two processors accounted for 59% of 
the total volume of milk included in the store survey. 

Mi.lk availability. and spec-ial clelive1"ies 

Slight differences in milk availability were noted 
between dating and non-dating market stores. Seven 
of the 31 stores ( 22.6%) in the dating market reported 
selling out of whole homogenized milk one or more 
days during the calendar week previous to the date 
of enumeration (Table 12 ) . These seven dating 
market stores reported selling out before closing a 
total of 12 times. During the same period, four of the 
30 stores ( 13.3%) in the non-dating market reported 

TAI3LE 11. DELIVEHY DAYS PER WEEK FOH SAl\H'LE STOHES 

l N CAl\•lDEN AND PHILADELPHIA . 

Deli\·ery Ca mden Philadelphia 

da.ys Da ting market Non-ela ting maJ·ket 

per Xo. of % of stores No . of % of sto t·es 

week stores Class Cum. stores Class Cum. 

7 1 3.3 3.3 
6 10 32.3 32.3 9 30.0 33.3 
5 19 61.3 93 .6 14 46.7 80.0 
4 !13.6 2 6.7 86.7 
3 2 6.4 100.0 4 13.3 100.0 

T ABLE 12. PROPORTION OF STORE CLOSINGS WITHOUT WHOLE 

HOMOGENIZED MILK, C t\ lVIIJEN AND PHILADELP HIA. 

Camden Philadelphia 

Dating marl.: et !\on-dating market 

Item Number Per cent ~umber P er cent 

Stores in sample 31 100.0 30 100.0 
Stores closing without 

whole homogenized 
milk on hand 7 22.6 4 13.3 

Store closings 207 100.0 187 100.0 
Store closings without 

whole homogenized 
milk on hand 12 5.8 6 3.2 
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selling out before closing a total of six times. Store 

closings without vvhole homogenized milk on hand­

expressed as a percentage of store closings-yielded 

figures of 5.8% and 3.2% for dating and non-elating 

market stores, respectively. An analysis of the dif­

ference in store closings without whole homogenized 

milk on hand between elating and non-dating markets 

revealed that the observed difference was not statis­

tically significant ( the observed difference could have 

occmTecl clue to random variation more than one 

time in four) . 

Special deliveries of whole homogenized milk were 

so few as to be of no consequence in either the elating 

or non-elating markets. Special deliveries to enu­

merated stores during the calendar week previous to 

the elate of enumeration numbered one and two for 

elating and non-elating market stores, respectively. 

Special deliveries of whole homogenized milk-ex­

pressed as a percentage of the number of clays that 

regu lar deliveries were received-yielded figures of 

0.6% and 1.3% for dating and non-dating market 

stores, respectively. 

~iillc inventories 
The previously cited differences in milk availability 

were not further reflected in differences in inven­

tories for elating and non-dating market stores. Thirty 

of the elating market stores enumerated provided both 

the requested sales and inventory information. These 

30 elating market stores reported average daily clos­

ing time inventories of whole homogenized milk 

totaling 7,497 quart-equivalent units and average daily 

sales totaling 17,723 quart-equivalent units during 

the calendar week previous to 'the date of enumer­

ation. Twenty-seven of the non-elating market stores 

enumerated provided both the requested sales and 

inventory information . These 27 non-dating market 

stores reported average daily closing time inventories 

o£ whole homogenized milk totaling 7,175 quart­

equivalent units ·· and average daily sales totaling 

17,628 ··quart-equivalent units during the calendar 

week previous to the date of enumeratioi1. Average 

daily closing inventories of whole homogenized milk 

-expressed as a percentage of average daily sales of 

whole homogenized milk-yielded figures of 42.3% 

and 40.7% for elating and non-elating market stores, 

respectively. 

Returns 
Returns or disposals of whole homogenized milk 

due to date or code expiration were almost iden tical 

for the dating and non-dating markets. Twenty-nine 

dating market stores provided information on returns 

or disposals of whole homogenized milk during the 

calendar week previous to the elate of enumeration . 

Three of the 29 dating market stores reported returns 

or disposals totaling 56 quart-equivalent units due 

to elate or code expiration. During the same p eriod, 

these 29 elating market stores reported weekly sales 

of 116,237 quart-equivalent units of whole homQgen­

ized milk. 
The 27 non-dating market stores that reported 

weekly sales of 108,472 quart-equivalent units of 

whole homogenized milk also provided information 

on returns or disposals. Four of the 27 non-elating 

market stores reported returns or disposals of 65 

quart-equivalent units clue to code expiration during 

the calendar week previous to the date of enumer­

ation. Returns or disposals of whole homogenized 

milk due to date or code expiration-expressed as a 

percentage of weekly sales of whole homogenized milk 

- yielded figures of 0.05% and 0.06% for the dating and 

non·dating market samples, respectively. 

Total returns reported in the processor survey for 

New Jersey were 3.2% and 1.0% for the dating and non­

dating sections of the market, respectively (Table 4,' 

Part III ) . Total returns (including r eturns due to 

date or code expiration ) reported in the store survey 

were 0.98% and 0.63% for the dating and non-elating 

markets, respectively. Of the 0.98% returns reported 

by dating market stores, 0.58% was accounted for by 

one store that reported re turning an abnormally high 

number of packages ( 675 quart-equivalent units ) clue 

to improper sealing. Elimination of this one abnor­

mal response would result in a level of total returns 

approximating 0.4 to 0.5% for the dating market. The 

differences between levels of returns noted in the 

two surveys may be the result of different definitions 

of returns. In the store survey, all returns reported 

bad to have been delivered to the store premises and 

subsequently returned to the processing plant or dis­

posed of on the store premises; in the processor sur­

vey, the term returns might have been construed by 

respondents to include product which never left the 

truck as well as product which was reh1rned from 

stores or otherwise disposed of. Another possible 

explanation for the higher level of returns reported 

in the processor survey (both elating and non-dating 

markets) is the fact that the processor survey cover­

eel rehu·ns of all fluid dairy products willie the store 

survey dealt only with reh1rns of whole homogenized 

milk (see footnote to Table 4, Part III ) . 

Package ma-rking in Ca:mden and Philadelphia 

In conjunction with the store handling practices 

smvey, package marking surveys were conducted in 

both the dating and non-dating markets . Under the 

1 ew Jersey elating statute, packages must b ear the 

legend "pas teurized during the 24-hour period end­

ing 6:00 a.m. (followed by the day of the week at 

the end of this period) ." Predating is permitted but 

the product cannot be offered for sale prior to 12:01 

( 
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a.m. of the day of the week appearing on the package. 

Tinety-nine packages were selected at random by 

store enumerators in the 31 dating market stores and 

examined to ascertain the package marking. Only 

82 of the 99 packages ( 82.8%) examined were marked 

in conformance with the existing dating statute. The 

remaining 17 packages ( 17.2%) did not conform to 

the package marking requirements of the dating 

market; in addition, seven of the conforming pack­

ages were marked with tomorrow's date and offered 

for sale before 12:01 a.m. tomorrow. Thus, a total 

of 24 of the packages ( 24.2%) examined were in vio­

lation of the dating statute. 

Tinety packages were selected at random by store 

enumerators in the 30 non-dating market stores and 

examined to ascertain the package marking. Eighty­

s ~ven of the 90 packages (96.7%) were marked with 

a coded mru·king and three packages ( 3.3%) were un­

marked. All unmarked containers were packaged by 

the same processor. 
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REPORT OF THE COMMITTEE ON 
FROZEN FOOD SANITATION, 1969-1970 

The question of "Legal Standards" and "Bacterial Guide­

lines" for frozen foods has been a topic of discussion for ap­

proximately 10 years. The Committee on Frozen Food Sani­

tation has explored this subject without attempting to reach 

any conclusion. The following comments on the subject are 

not necessarily the unanimous conclusions of the Committee, 

but rather reflect the thinking of individual members. 

L EGAL STANDARDS 

Legal Standards would provide a quality and uniformity 

index for both regulatory agencies and industry; however, it 

is felt that there is a lack of flexibility with legal standards. 

Research may indicate the need for change and it is difficult to 

revise legall y established standards. It also is felt that re­

search and experience must demonstrate the need for the 

es tablislm1ent of a legal standard. 
The Association of Food and Drug Officials of the United 

States has edited and published Recommended Bacterial L-imits 

for Fmzen Precooked Beef ancl Chicken Pot Pies. At this 

time the Committee is aware of only one state which has 

es tablished a 50,000 standard plate count and five coliform 

organisms per gram for all frozen foods. 

The increased use of microwave ovens has created some 

concem that time and temperature relationships may not be 

adequate to destroy pathogenic organisms. Some membus 

of the Committee feel that this problem creates a need for 

legal standards while other members do not. 

BACTERIAL GUIDELINES 

The Committee has expressed two viewpoints concerning 

guidelines. One is that guidelines could serve as a tool for 

both industry and regulatory agencies until legal standards 

can be established. The other viewpoint is that guidelines 

will provide the consw11er the protection he deserves, and 

that if a segment ·of the industry chose to avoid either guide­

lines or legal s t~ndards, it could do so without too much 

penalty. The Committee is not aware of established guide­

lines for all frozen foods, and most members feel that ~ddi­

tion al work is needed before a meaningful guideline can be 

es tablished. 
Availabl e information indicates that the public health record 

of the frozen food industry has been satisfactory. Improper 

handling and preparation by the conswner has resulted in 

some problems. It has, therefore, been suggested that a 

consum er educational program on proper handling and prep­

aration of frozen food products from time of purchase would 

be advisable. 
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FATE OF COLIFORMS IN YOGURT, BUTTERMILK, SOUR CREAM, 
AND COTTAGE CHEESE DURING REFRIGERATED STORAGE' 
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C incinnati, Ohio 45226 

( Heceived for p ublica tion September 8, 1970) 

ABSTRACT 

Aerobacter (Enterobacter) aemgenes and Esch erichia coli 

were inoculated separately into commercially produced samples 

of yogurt, buttermilk, sour cream , and cottage ch eese . Inocu­

lated products were stored at 7.2 C and were tested daily for 

up to 10 days to determine changes in numbers of colifonm 

and in pH values . The number of viable coliforms in yogur; 

declined dramatically and was markedly different from th '! 

initial value after only 24 hr of storage. Usuall y, survival 

of coliforms in yogurt did not exceed 3 days of h olding. In 

buttermilk, most often a marked declin e in num hers of coli ­

fom1 s was evident after 24 hr of storage. A substantial re­

duction in munbers (>50% of organisms present initiall y) of 

A. aerogenes B199 occurred in sour cream during th e first 2'1 

hr of storage, but a similar declin e in mm1bers of E. col-i and 

A. aerogenes FD ,\,as not evident until after 3 days of storage. 

Changes in numbers of E . coli and A. aerogenes in cottage 

che~se generally were not as rapid as in other products d urin g 

the Jirst days of storage. A few cottage cheese samples, how­

ever, did support rapid increases in test culJ:ure numbers. Be­

cause of the rapid decline in numbers of .coliforms in yogurt, 

buttermilk, and sour cream, the provision in Standard Method ~ 

for the Examinat ion of Di:JiTy Pmducts that p ermits examina­

ti on of some of these products for up to 48 hr after m anufac­

ture seems inadvisable. 

Standard Methods for the Exmninat'ion of Dairy 

Products (1 ) specifi~ s that coliform tests on cottage 

cheese be· done witi~in 24 hr after manufacture and 

that cultu·1:ed milks be tested for colifonns within 48 

hr after pas teurization. This requirement has made 

it difficult for receiving communities to do_ inean~ng­

ful tes ting on these products when shipping ti~es . of 

more than 2~ or 48 hr are involved. .. 

Although it is generally believed that colifqrms 

will be inactivated in acid products such as- yogmt, 

cultured buttermilk, and sour cream, and conversely, 

will multiply in cottage cheese, definitive data to in­

dicate the rate of death or multiplication are lacking. 

The present study was undertaken to characterize 

'Published with the approval of the Director of the Research 

Division of the Co ll ege of Agricultural and L ife Sciences, 

University of \ 'Visconsin . 

th O! growth or desh·uction of some colifonns when sus­

pended in these foods and held at a refrigeration tem­

perature. 

lVI.-\TEHIALS AND METHODS 

Cultures 
Two cultures each of Eschel'ichia col-i and Aerobacter (En­

terobacter) aerogenes were used throughout this study (E . coli 

H52 and FD, A. aerogenes NRRL-B199 and FD ) . The FD 

straim were recent isolates from dairy products. Inocula for 

E. C•Jli H 52 and A. aerogenes B199 were prepared from skim 

milk cultures . The FD strain inocula were prepared by har­

vesti .1g growth from 24-hr-32 C-trypticase soy agar slants 

and then washing it 3 times in distill ed water before inoculat­

ing \he dairy products under test. 

Pmcl !tcts : Selection, inoculation, and examination 

D: 1iry products used were obtained from grocery stores or 

the ' miversity dairy plant, except som e cottage cheese samples 

whi< h were obtained from processing plants. All samples 

wen: pretested for coliforms and only those that had initi al 

concentrations of < 10/ g were used in this study. 

Products oth er than buttermilk were inoculated and then 

stirred manually until the inoculw11 was dispersed homogen­

oeusly throughout th e food . Vlith buttermilk, th e i ~_ o :ulum 

was mixed into the product by shaking. After inoculation, 

each sample of product was divided into 2 portions and each 

portion placed into a sterile beaker covered with alwnb uin 

foil. Samples were held at 7 .2 C and were tested rlaily for 

a 10-day p eriod to determin e pH values and numbers of 

coliforms. Coliform COLmts were carried out as described in 

Sta.nda·rcl M. ethods for the Examination of Dairy Products 

(1 ). Violet red bile agar was used as the coliform mediwn 

throughout this study. Data in tables represent averages of 

results from tes ts on the 2 subsamples prepared from each 

product. 

R ESULTS AND DISCUSSION 

Yogurt 
D ata on the behavior of A aerogenes and E. coli 

in yogurt are summarized in Tables 1 and 2. It is 

evident that all test cultures were rapidly inactivated 

in this product; in many instances coliforms were es­

sentially undetectabl e after 24 hr of storage. In 

fact, inactivation of coliforms in yogurt was so rapid 

, 

\ .. 
I 
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T A.llLE l. FATE OF Aerobacter aerogenes I N YOGUHT DURlNG HEFRIGERATED STOHAGE. 

'o. A. aerowmes/ gram after days pH values of yogurt after days 
Sample 3 1 2 

A. aerogenes B1991 

1 330 35 < 1 4.10 4.10 3.95 
22 700 420 170 40 7 4.40 4.40 4 .25 4.20 4.18 

3 65 < 1 4.00 4.05 
4 < 10 < 1 4.10 4.05 

5 < 10 < 1 4.00 3.90 

A. aerogenes FD 

1 660 < 1 < 1 3 <1 3.74 3.84 3.71 3.69 3.68 

2 950 20 < 1 < 1 < 1 3.95 3.68 3.85 3.87 3.80 

3 1000 < 1 < 1 < 1 < 1 3.88 3.81 3.80 3.85 3.77 

4 740 < 1 < 1 < 1 < 1 4.00 3.90 3.98 3.85 '' 3.95 -
5 770 < 1 < 1 < 1 < 1 3.65 3.6>5 3.72 

'A similar inoculum was used for all samples. Inactivation of A. 
the organisms added to some samples could be recovered initially. 

aerogenes in the procJ.uct was s0 rapid that 0nly a fraetion of 

'Peach yogurt. 

TABLE 2. FATE OF Escherichia coli IN YOGURT DURING REFRIGEHA TED STORAGE. 

o. E. coli/ gram after clays pH value of yogurt after days 
Sam)Jie 2 3 4 1 2 3 4' 

E . coli H5Z' 

1 llOO 260 23 < 10 < 1 4.20 4.05 4.05 4.05 4.05 

2 llO 1 < 1 4.35 4.19 4.19 

3 30 < 1 4.04 4.00 
4 28 < 1 4.10 4.05 
5 410 13 5 1 < 1 4.20 4. 10 4.10 4.00 4.00 

E. coli FD 

1 llO < 1 < 1 1 < 1 3.75 3.75 3 .67 3.70 

2 600 130 120 38 17 3.95 3.95 3.95 3.84 3.90 

3 430 60 30 16 < 1 3.91 3.88 3.88 3.77 3.79 

4 490 llO 20 31 15 3.90 3.90 3.95 3.85 3.92 
; 5 150 < 1 < 1 < 1 < 1 3.65 3.65 3.65 3.62 3.78 

'A similar inoculum was used for all samples. Inactivation of 
organisms added to s0me samr>les could be recovered initially. 

E. coli in the product was so rapid that only a fraction of the 

TABLE 3. F ATE OF Aerobacter aerogenes JN CULTUHED uu·rrEH:MJLK DURING REFRIGERATED STORAGE. 

No . A. aerogenes/ gram after clays pH values of buttennilk after days 

Sample 3 5 6 10 10 

A. aerogenes B199 

1 890 640 qso 420 350 310 280 220 160 65 35 4.90 4.70 4.45 4.40 4.40 

2 850 670 600 440 420 340 270 250 170 100 33 4.85 4.65 4.45 4.45 4.40 
! 3 880 640 520 460 450 345 260 210 170 140 70 4.85 4.80 4.60 4.60 4.60 •• ) 4 750 680 470 380 370 290 170 100 40 18 13 4.80 4.70 4.45 4.45 4.45 

5 840 690 510 410 380 340 280 200 160 llO 130 4.70 4.60 4.40 4.40 4.40 

' I A . aerogenes FD 
1 
1 720 330 150 120 50 25 20 < 1 < 1 < 1 < 1 4.15 4.15 4.25 4.25 

2 . -690 - 210 65 10 < 1 < 1 < 1 < 1 4.12 4 .10 4.18 4.15 

3 650 180 75 30 15 < 1 < 1 < 1 < 1 < 1 4.15 4. 10 4.15 4.18 

4 740 320 220 170 160 80 60 25 10 < 1 4.30 4.30 4.40 4 .35 

5 720 440 280 180 220 200 100 80 20 35 < 1 4.35 4.35 4.42 4.58 
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Sa mple 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

Sample 

1 
2 
3 
4 
5 

1 
2 
3 
4 

i? 

Sample 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

T ABLE 4. FATE OF Escherichia col-i IN CULTURED BUTTERl\HLK DUHlNG HEFHIGERATED STORAGE. 

To. E. coli/gram after days pH values of buttermilk after days 

1300 
1600 
1500 
1400 
1400 

920 
730 
520 
670 
740 

1100 
880 

1300 
940 
960 

600 
640 
380 
460 
440 

2 

950 
450 

1100 
750 
650 

450 
370 
280 
470 
450 

3 

980 
220 
700 
380 
330 

310 
260 
200 
360 
440 

4 

780 
65 

380 
310 
220 

260 
80 

170 
280 
300 

570 
28 

170 
100 
110 

110 
110 
110 
300 
170 

6 8 

E . coli H52 

350 260 120 
18 10 13 
23 
28 
20 

E. 

70 
35 
65 

180 
320 

20 
28 
13 

co l-i FD 

10 
25 
15 

30 20 
40 20 

210 20 
260 180 
200 230 

9 . 

35 
8 

< 1 
13 

< 1 

< 1 
10 
10 
95 

130 

10 

17 
< 1 
< 1 

7 
< 1 

< 1 
< 1 
< 1 
85 
70 

4.30 
4.80 
4.80 
4.70 
4.50 

4.15 
4.12 
4.15 
4.30 
4.35 

• 3 

4 .30 .4.30 
4.60 4.55 
4.65 4.60 
4.50 4.45 
4.35 4.35 

4.15 
4. 10 
4.10 
4.30 
4.35 

10 

4.20 4.20 
4.55 4.50 
4.60 4.55 
4.45 4 .45 
4.35 4.35 

4.28 
4.20 
4 .39 
4.39 
4.45 

4.22 
4.15 
4.35 
4.35 
4.55 

TABLE 5. FATE OF Aerobacter aerogenes l N SOUR CHEAM DUHlNG REFHIGEHATED STOHAGE. 

860 
870 
780 
780 
860 

1000 
1400 
1000 
1400 

770 

350 
550 
340 
210 
330 

520 
1300 

720 
860 
220 

No. A. aerogenes/ gram after days 

210 
230 
110 

50 
140 

180 
640 
490 
720 

10 

3 4 5 6 7 

130 
140 

13 
< 1 
63 

30 
680 
280 
400 

< 1 

65 
50 

< 1 

30 

15 
170 
160 
200 

1 

A. aerogenes B199 

55 23 23 3 

30 10 5 < 1 

8 3 <1 

A. aerogenes FD 

25 2 < 1 <1 
160 130 35 20 

40 5 < 1 < 1 
270 160 140 80 

< 1 < 1 <1 <1 

< 1 

< 1 
3 
1 

20 

pH va]ues of sour cream after days 

0 1 3 7 

4.50 
4.70 
4.50 
4.60 
4.65 

4.40 
4.60 
4.40 
4.50 
4.55 

4.30 
4.55 
4.35 
4.40 
4.50 

4. 18 4.05 4.12 
4.20 4.21 4.15 
4.25 4.25 4.19 
4.50 4.42 4.40 
4.35 4.25 4.10 

4.30 
4.55 

4.0 

4.17 
4.19 
4.20 
4.40 
4.30 

4.30 
4.60 

4.00 

4.30 

4.17 4.20 
4.17 4.22 
4.25 4.35 
4.47 4.60 
4.25 

T A BLE 6. FATE OF, Escherichia coli JN SOUH CREAM DUHING HEFHIGERA'RED STOHAGE. 

No. E. coli/ gram after days pH'?value of sour cream after days 

1: 
1700 1300 930 500 370 

1700 930 590 260 73 

. 1700 40U 240 95 70 

ISOO 1400 1200 1100 1000 

940 800 680 560 570 

1000 
1300 

Q80 
1400 

680 

520 
1600 

820 
1000 
350 

360 
740 
550 
740 

60 

30 
380 
340 
420 

10 

30 
260 
150 
600 

10 

5 10 

E . coli H 52 

370 300 400 300 180 200 

110 85 100 63 85 18 

30 23 50 4 < 1 
1000 1000 1100 1000 880 830 

370 200 190 110 38 8 

6 
160 
170 
280 

4 

E. coli FD 

13 < 1 < 1 
90 25 5 
70 90 50 

200 200 100 
2 2 1 

< 1 < 1 
<1 < 1 
< 1 33 
140 200 

1 < 1 

10 

4.70 4.70 4.61 4.60 4.60 4.60 

4.60 4 .60 4.57 4.50 4.50 4.50 

4.60 4 .60 4.55 4.50 4.50 

4.69 4.65 4.65 4.70 4.70 4.70 

4.40 4.40 4.33 4.20 4.20 4.20 

4.18 4.21 4.14 4.15 4.15 
4.20 4.25 4.10 4.10 4.15 4.15 

4.25 4.25 4.15 4.20 4.25 4.40 

4.50 4.50 4.40 4.45 4.55 4.80 

4.20 4.20 4.15 4.25 4.25 4.25 

with A. aemgenes Bl99 that sometimes an initial num­

ber could not be detected and at other times only a 

limited number of those organisms added were re­

covered a short time ( < 30 min ) later. It is note­

worthy that 6 samples . of yogurt permitted somewhat 

longer survival of coliforms, but even here the num­

bers declined markedly during the first 24 hr of 

storage. The pH value of products in which coli­

forms survived longer tended to be somewhat higher 

initially but then dropped during storage. This may 

have contributed to the demise of the coliforms. 

Cultured buttermilk 

The behavior of A. aemgenes and E. col-i in butter-

, 

; 
\ .. 
I 
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TABLE 7. FATE OF Aerobacter aerogenes r, COTTAGE CHEESE DURING HEFHIGER.ATED STORAGE. 

' o. A. aerogenes/gram after days pH value of cottage cheese after clays 

Sample 1 3 8 10 1 5 10 

A. aerogenes B199 

1 1000 1100 980 700 700 800 550 590 500 410 410 4.93 4.93 5.00 4.88 4.76 4.90 

2 llOO 1300 950 750 640 690 620 350 250 180 75 4.94 4.95 5.00 4.79 4.74 4.69 

3 1100 5900 20000 16000 15000 15000 13000 8200 7300 7300 3300 4.94 4.90 5.01 4.83 4.94 4.87 

4 1100 960 920 850 800 770 680 590 620 400 370 4.94 4.95 4.93 4.83 4.81 4.78 

5 1100 900 880 - 600 600 560 470 340 280 170 130 4.94 4.95 5.03 4.90 4.81 4.59 

A. aerogenes FD 

1 140 130 140 llO 120 140 120 120 160 200 340 4.80 4.80 4.80 4.80 4.70 4.75 

2 140 170 160 130 210 330 540 1200 1900 3200 7100 4.85 4.80 4.85 4.70 4.75 4.83 

3 100 120 260 670 2600 4000 3200 7x10" 3x105 7x105 5x10" 5.00 5.05 4.98 4.95 4.90 4.85 

4 110 130 340 440 1400 990 1800 1300 2600 2x10'1 2x1o·• 4.95 4.95 4.78 4.75 4.70 4.70 

TABLE 8. FATE OF Escherichia coli 1N COTTAGE CHEESE DUHL'IG REFRIGERATED STORAGE. 

No. E. coli/gram after clays pH value of cottage cheese after clays 

Sample 2 3 4 8 10 3 10 

E. coli H52 

1 2200 2200 2000 1900 2100 2000 1700 1600 1500 870 500 5.10 5.00 4.84 4.76 4.73 4.61 

2 2100 2200 2200 2100 2000 2100 1900 1900 1700 1800 J8bo 5.10 5.02 4.99 5.03 5.18 5.10 

3 6400 7900 8800 3x104 5x10" 8x104 1x10" 1x106 1x106 2x106 '5x105 5.10 5.03 5.05 5.08 5.13 4.99 

4 890 830 860 780 730 790 760 720 640 690 610 5.06 5.01 4.93 4.75 4.72 : 4.67 

5 680 780 750 755 830 790 670 670 690 680 650 5.07 5.07 5.09 5.08 5.05 5.02 

E. coli FD 

1 140 190 180 160 150 190 150 190 260 340 360 4.80 4.80 4.85 4.80 4.70 4.75 

2 140 125 180 170 160 170 140 160 160 180 120 4.85 4.80 4.78 4.70 4.80 4.85 

3 110 85 140 120 150 130 120 140 160 170 120 5.05 5.02 4.85 4.95 4.85 4.80 

4 140 115 140 175 200 150 160 170 140 220 150 4.95 4.92 4.85 4.80 4.80 4.75 

mjlk is detailed by data presented in Tables 3 and 4. 

Four of the 20 samples produced greater than 50% 

reduction of the test organism during the first 24 hr 

of storage. Additional decline in numbers occurred 

during further storage so that, after 4 days, the popu­

lation nearly always declined to less than 50% of the 

number initially present. In general , E. coli appeared 

to be somewhat more sensitive than A. aemgenes to 

the destructive effects of buttermilk. 

Sour cream 

The decline in numbers of A. aemgenes and E. coli 

during storage of inoculated sour cream is reported 

in Tables 5 and 6. In general, A. aerogenes appeared 

slightly more sensitive to the destructive effects of 

sour cream than did .E. col·i. The number of A. aero­

genes B199 was nearly always reduced by at least 

50% during the first 24 hr of storage, whereas only 2 

samples containi.ng E. col-i exhibited a similar in­

activation of the organism. A erobacter aemgenes was 

Plot detectable after 7 days in 7 of the 10 sour creams 

under test. Escherichia coli, on the other hand, sur­

vived for 10 days in 6 of the 10 samples examined. 

Cottage cheese 
Tables 7 and 8 record data obtained when cottage 

ch eese was inoculated with coliforms and then stored. 

It is evident that survival of E. col-i and A. aerogenes 

was greater (both in terms of time and numbers) in 

this product than in yogurt, buttermilk, or sour cream. 

In fact, growth of coliforms was evident in some of 

the samples tested. The pH values of most cottage 

cheese samples declined during storage, but this 

change often did not appear related to · either sur­

vival or demise of colifonns in the product. 

The maximum storage time before tes ting cultured 

milks and cream for colifonns is designated in Stand­

ard Methods for the Examination of Da·iry Pmducts 

(1) as 48 hr . Because of the rapid inactivation of the 

4 test organisms under study when in yogurt and sour 

cream, meaningful tests could not be carried out 

after 24-hr storage. Although the reduction in num­

bers of test organisms in buttermilk after 24 hr was 

not as great as in yogurt or sour cream, tbe reduction 

was significant. After 48 hr of storage, the test or­

ganism concentration averaged one-half of the initial 

population. 

For cottage cheese, Standa·rd Methods for the 

Exam·ination of Dairy Proclvcts (1) recommends that 

the coliform count be carried out within 24 hr after 

manufacture. Although most counts on cottage cheese 
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were relatively stable for 48 hr, 2 of the 18 samples 
tested supported a dramatic increase in test culture 
numbers within this period. If we could assume the 
growth of the test organisms studied to b e typical of 
that for coliforms found in cottage cheese, the sub­
stantial increase in coliform count within 48 hr after 

manufacture in about 10% of the lots of cottage cheese 

could result in an adverse regulatory action being 

applied unfairly if tes ting were delayed to 48 hr after 

manufacture. For this r eason, it would seem desir-

able to continue to test cottage cheese within 24 hr 
after manufacture. 
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ASSOCIATION AFFAIRS 
REPORT OF THE EDITOR 

JOURNAL OF MILK AND FOOD TECHNOLOGY 

1969-1970 

REVIEW OF VOLUME THIRTY-Two 
Volume 32 of the ]ou mal of M·ilk and Food T echnolog y 

was completed with publication of the D ecember, 1969 issue. 
This was a record-breaking volum e in that it contained more 
pages ( 624 ) and more papers ( 87) than any preceding volume 
of the journal. Forty-seven research papers and 14 teclmical 
papers of general interest were published. This material 
utilized approximately 45% of the total pages, whereas non­
technical papers of general interes t, association affairs, and 
ne\vs and events occupied 30% of the pages. Advertising, 
covers, index, standards, etc. made up the remaining 25% of 
volwll e 32. This distribution, when. compared to that of 
volum e 31, refl ects an increase ( 5%) in space devoted to 
technical material and decreases in space utilized for non­
technical material ( 2%) and for covers, advertising, etc. ( 3%) . 
The composition of voltm1e 32 is detailed more completely 
in Table 1 togeth er with similar infonnation for volum es 30 
and 31. 

Researcll papers in volume 32 dealt with a variety of topics 
including studies on the plate count method, oxidase method, 
resazurin · test, changes during cooking of crab, tests for 
abnormal milk, composition of apples, egg pasteurization, fat 
tests for skimmilk, cleaned-in-place systems, coliform bac­
teria, food-plant wastes, microbiology of meats, microbiology 
of feedstuffs, methods to enumerate molds, microbial quality 
of imitation dairy products, Cheddar cheese, low-fat spreads, 
salmonellae in cheese, methods to measure aflatoxins, sal­
monellae in butter, and oth er subjects. General interest 
papers dealt with such topics as interstate milk shipments, 
fluorescent antibody technique, imitation foods , methods for 
detection of viruses and of Clostridiwm pmfringens, C. 7Jer­
fringens food poisoning, recirculation cleaning, vector control, 
milk powder, testing of milk, solid wastes disposal, and other 
topics. 

PRESENT STATUS OF VOLUME THIRTY-THREE 

The first six issues of voltm1e 33 contained 25 research 

papers, 7 general interest teclmical papers, and 8 non- I 
technical general interest papers. This compares with 24, 7, 
and 10 papers in the same catagories in the first six issues 
of vohm1e 32. In addition, 48 pages of E -3A and 3A standards 
have appem·ecl in volnn1e 33. The first si.x issues of volnn1e 33 
contain ed 16 more pages than did similar issues of volume 32. 

On July 15, 1970 there was a backlog of 48 papers ready 
for publication. This included 28 research papers and 20 gen­
eral interest (technical and nontechnical ) papers an1ong which 
are 7 papers from the 1969 mmual meeting and 1 from the 
1970 annual meeting. In addition, on July 15 there were 
16 research papers being reviewed or revised. The back­
log would not be as great if 48 pages had not been devoted 
to standm·ds. As a consequence, it will be necessary to add 
extra pages to most, if not all , remaining issues in volume 33 
so that research papers can be published within six (or less) 
months after th ey are received. 

REVIEW pAPERS 

ln th e Editor's opinion, review papers are extremely help­
ful to busy people so they can keep up-to-date on develop­
ments in fields which are not their immediate concern. Con­
sequently a mm1ber of persons (many suggested by members 
of the Editorial Board ) have been asked to prepare reviews 
on timely topics. Three such review papers, dealing with 
activa tion of bacterial spores, nitrites and nitrates in the 
enviromn ent, and carcinogens in the enviJ:omnent, are await­
ing publication . Additional review papers should be received in 
the near futme. 

EDITORIALS 

Last year the Journal Management Committee suggested 
that consideration be given to the regular use of editorials. 
Consequentl y, the Editor contacted all members of th e 
Editorial Board to detennine their interest in and willingness 
to prepare editorials. There was no grotmd-swell of en­
thusiasm for editorials although some members of the Board 
favored their use. Many board members felt tbat editorials 
in technical journals often are a waste of space, especially if 
one has to appear each month and no one really has anything 
worthwhile to say. Some Board members felt that the 
"Letter to the Editor" co uld serve the same purpose since 

( .. 
I 
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TABLE l. SUMMARY OF CONTENTS OF JOUR ' AL OF M ILK AND FOOD TECHNOLOGY FOR 1967, 1968, AND 1969 

Item 

l. Total pages, including covers 
2. Research papers 

a. Number 
b . Pages 
c. Per cen t of total pages 

3. General interest papers-teclrnical 
a. Number 
b . Pages 
c. Per cent of total pages 

4. General interest papers-nontechnical 
a. Number 
b. Pages 
c. Per cent of total pages 

5. Association affairs 
a. Pages 
b. Per cent of total pages 

6. News and events 
a. Pages 
b . Per cent of total pages 

Per cent of pages-teclrnical material 
Per cent of pages-nontechnical material 
Per cent of pages-covers, advertising, standards, 

index, etc. 

some of the letters really are "mini-editorials." 

EDITORIAL BOARD 

The Edit01ial Board has been expanded to include 25 
specialists in university, government, and industry research 
organizations. During 1969 the following persons were added 
to the Board: Mr. E. F. Baer, Professor Herman Koren, Dr. 
B. J. Liska, Dr. D. S. Postle, Dr. W. D. Powrie, Dr. R. B. 
Read, Jr ., Dr. D . F. Splittstoesser, and Dr. W. G. Walter. 

In spite of these additions, it has been necessary to send 
papers for review to persons not on the Board. Thus far in 

ANNOUNCEMENT CONCERNING THE 
SANITARIANS AWARD FOR 1971 

Announcement is made that nominations will be 
accepted for the annual Sanitarians Award until June 
1, 1971, and the members of the International Asso­
ciation of :tvlilk, Food and Environmental Sanitarians, 
Inc. are requested to give consideration to the nomin­
ation of individuals whose professional work in the 
field of milk, food, ·Or environmental sanitation has 
been outstanding. 

The Award consists of a Certificate of Citation 
and $1,000 in cash, and is sponsored jointly by the 
l)iversey Chemical Corporation, Klenzade Products, 
fnc., and Pennwalt Corporation. It is administered 
by the International Association of Milk, Food and 

Environmental Sanitarians, Inc., and is presented 
annually. The next presentation of the Sanitarians 
Award will be made at the 58tl1 annual meeting of 

Volu me 30 Volume 31 Volume 32 
(1967) (1968) (1969) 

512 540 624 

30 32 47 
137 142 205 

26.7 26.3 32.9 

11 16 14 
47 74 87 

9.2 13.7 12.2 

23 14 26 
72 65 91 
14.1 12.0 14.6 

64 68 62 
12.5 12.6 9.9 

51 42 36 
9.9 7.8 5.8 

35.9 40.0 45.1 
36.5 32.4 30.3 

27.6 27.6 21.6 

1970 help has been received from : Dr. Owen Fennema, Dr. 
F. J. Francis, Dr. J. M. Goepfert, Dr. H. W. Jackson, Dr. L. 
H. Schultz, Dr. E . G. Stimpson, Dr. H. L. A. Tarr, Mr. G. S. 
Torrey, Mr. Leon Tumerman, Dr. J. H. von Elbe, and Dr. 
W. C. Winder. It is apparent to the Editor that further 
expansion of th e Editorial Board is necessary to provide exper­
tise in additional areas of food science, technology, and 
hygiene. 

E. H . MARTH 

Editor 
]oumal of lvlilk and Food T echnology 

the Association which is to be held at San Diego, 
Calif., in August 1971. 

The Executive Board of the Association has estab­
lished the following rules and procedures governing 
the Sanitarians Award. 
El-igibil-ity: 

1. Geneml C1·iteria 
To b e eligible for nomination the Sanitarians 
Award offered annually by t h e International 
Association of Milk, Food and Environmental Sani­
tarians, candidates must: 

a. Have been a member of IAMFES in good 
standing for a period of five years prior to the 
date when the Aw<lrd is to be presented; 

b . Be a living citizen. of the United States or 
Canada who, at the time of nomination, is em­
ployed as a professional sanitarian in the field 
of milk, food, and/or environmental sanitation 
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by a county, municipality, s tat e or federal 
government provided that in the odd years be­
ginning with 1969 the Sanitarians Award will 
be limited to state and federal employees and 
the even years to county and municipal em­
ployees. 

Members of the Exe~utive Board, members of 
the Committee on Recognition and Awards of 
the International Association of Nlilk, Food, 
and Environmental Sanitarians, and industry 
members sh all not be eligible for the Award. 
Race, sex or age shall not enter into the selec­
tion of the Award recipient. 

c. Have made a meritorious contribution in the 
field of milk, food or environmental sanitation, 
to the public health and welfare of a county, 
counties, district, state or federal government 
with th e United States or Canada. 

d. Have completed the achievements and con­
tributions on which the nomination is based 
during the seven-year period immediately pre­
ceding January 1, of the year in which th e 

. A ward is to b e made. 

2. Additional Criteria 
a. Co-workers are eligible for nominations if both 

have contributed equally to the work on which 
the nomination is based and each independent­
ly meets the other qualifications for nomination. 

b. V\There co-workers are selected to receive the 
Award, each shall receive a certificate and 

, share equally in the cash accompanying the 
Award. 

c. No person who has received, or shared in 
receipt of the Award, shall b e eligible for re­
nomination for this Award. 

No minations 
Nominations of candidates for the Sanitarians 

Award m~y be sub1;nitted by the Affiliate Associa­
tions of the IAMFES, or by any member of the 
Associatioi; in good standing except members of 
the Executive Board , m :ombers of the Committee 
on Recognition and Awards , and employees of tl1e 
sponsoring companies. Nominations from persons 
who are not· members of the Association cannot b e 
accepted. lo member or Affiliate may nominate 
more than one candidate in any given year. 

Each nomination must be accompanied by factual 
information concerning the candidate, a resume of 
his work and achievements, evidence supporting his 
achievements and if available, reprints of publica­
tions . A form for the submission of nominations may 
be obtained upon request from H. L . Thomasson, 
,Executive Secretary, lnterna,tional Association of 
Milk, Food and Environmental Sanitarians, Inc., 

P. 0. Box 437, Shelbyville, Indiana 46176. 

S u.b1nission of N om:inations 
The deadline for submission of ·nominations is set .. 

annually, and all nominations and supporting evi-
dence must b e posh11arked prior to midnight of that 
date. The deadlin e this year is June l , 1971. Nom­
inations should b e submitted to Sam 0 . Noles , Chair­
man, Committee on Recognitio,n and Awards. 
Selection of the Rec·ipient 

The Committee on Recognition and Awards of 
the International Association of Milk, Food and En­
vironmental Sanitarians, Inc. , has full responsibility 
for selecting from among the candidates nominated 
the recipient of th e Sanitarians Award. In judging 
the contributions of each candidate, the Committee 
will give special consideration to (a) originality of 
thought, mode of planning, and techniques employed, 
(b ) the comprehensive nature of the candidate's 
achievements, and (c) their relative value as they 
affect the health and welfare of the area served by 
the candidate. The Committee will give consider­
ation also to the efforts of the candidate to establish 
professional recognition in the area in which h e 
serves, as well as to his research , administrative de­
velopment, program o p e r a t i on and educational 
achievements. Additional information or certification 
of submitted information will b e requested when con­
sidered necessary by the Committee. Testimonial 
letters in behalf of a candidate are not desired. 

If after reviewing the nominations and supporting 
evidence, the Committee decides that the work and 
achievements of none of the candidates have been 
significantly outstanding, the Award shall not be 
made. In this connection, it is fundamental that 
if meritorious professional achievement cannot be 
discerned the Award shall be omitted for a year 
rather tl1m1 to luwer the standards for selections of 
a recipient. 

Sam 0 . Noles, Chairman 
Committee on Recognition and Awards , 
State Board of H ealth, 
Jacksonville, F la. 32201 

CONFSRENCE ON WASTE MANAGEMENT 
AND POLLUTION CONTROL IN 

FOOD PROCESSING 

\Vaste management and pollution control in food 
processing is the theme of a two-and-a-half-day con­
ference at Virginia Tech during the 1971 Food In­
dush·y \Veek. Representatives from indush-y, govern­
ment, and the University are expected at tl1e con­
ference Feb . 8-10 at the Donaldson Brown Center 
for Continuing Education. They will discuss prob­
lems and possible solutions concerning \ovastes from 
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dairy, fruit and vegetables, red meats and poultry 
and seafood processing. General and special ses­
sions will deal with responsibility in pollution con­
h·ol, water quality requirements, in-plant waste man­
agement, waste treatment and disposal, and appraisal 
and solution to problems. 

Invited speakers include \iValter J\1Iercer, director 
of \ i\[estern Research Laboratory, Tational Canners 
Asso~iation, Berkeley, Cal.; Jolm H. Litchfield, man­
ager, biology and medical science section, Battelle 
Memorial Institute, Columbus, 0. ; Herbert A. Sch­
lesinger,' consultant, Lockwood Greene Engineers, 
New York City; Strother Smith, attorney-at-law, 
Abingdon; and A. H . Paessler, executive secretary, 
State \iVater Conh·ol Board, Richmond. Several fac­
ulty mernbers from Tech's departments of biology 
and civil engineering are also on the program. J. 
David Baldock, assistant pressor of food science and 
teclmology, and Edward B. Hale, associate professor 
of agricultural engineering, are conference directors. 
Both men are also extension specialists. 

This conference is supported by a grant under 
Title I of the Higher Education Act of 1965 and is 
sponsored by the departments of food science and 
technology and agricultural engineering and Tech's 
Extension Division. 

FIRST ANNUAL FLORIDA DAIRY FOOD 
INDUSTRIES CONFERENCE 

The First Annual Florida Dairy Food Industries 
Conference will be held at the Robert Meyer Motor 
Inn, Orlando, F lorida on February 24. 

For additional i~formation , please contact Dr. C . 
Bronson Lane, 203 Dairy Science Building, Univer­
sity of Florida, Gainesville, Florida 32601. 

COURSE IN 
SAFETY IN THE LABORATORY PHS-DHEW 

MARCH 29 - APRIL 2, 1971 

This course is intended to train safety managers, 
laboratory staff members and related workers in 

· accidental injury conh·ol. The course provides an 
opporhmity for existing staff members to be re­
apprised of the faCilities and methods at their dis­
posal to minimize the occurrence of injury in the 
laboratory. -

Administrative and organization aspects as well as 
. design and consh·uction of laboratory equipment and 
'facilities will be discussed; including plumbing, 
elech·ical, and other appropriate standards. Methods 
of handling reagents, biological, pathological, radio­
active materials, and various specimens will be re­
viewed. An Anirnal cai·e and related facilities pro-

tection from extreme temperatures, and waste storage 
and disposal are included. In addition, the h·ainee 
will have opportunity to investigate ventilation sys­
tems, clean rooms, diseases transferable to man, 
emergency aid, noise, and other pertinent subject 
matter. For furth er information contact Chief, Train­
ing Branch, Bureau of Occupational Safety and 
Health, 1014 Broadway, Cincinnati, Ohio 45202. 

IAMFES PRESIDENT AND IMS CHAIRMAN 
TO ADD-RESS FLORIDA ASSOCIATION 

MEETING 
Dick Whitehead, President of the IAMFES, and 

Shelby Johnson , IMS Chairman, will speak at the 
1971 F lorida Association of }.~Iilk, Foo.d, and En­
vironmental Sanitarians armual meeting. This event 
is scheduled for March 16-18 at the Langford Hotel 
in Winter Park, Florida. -- ' · 

Other confirmed speakers at tl~s time include Dr. 
George Muck, Dean Foods, Rockford, Illinois; Dr. 
C. Bronson L~n.e, Associate Professor, University of 
Florida Depa:~;hnent of Dairy Science, Gainesville, 
F lorida; Mr. Bob Rutgerson, President of -Foss­
America, Inc., Fishkill , New York; Dr. H. H .· Van 
Horn, Chairman of the University of Florida D epart­
ment of Dairy Science. 

An outstanding Florida dairy industry man and 
sanitarian will be recognized at the awards banquet 
on i\ilarch 18, according to FAMFES President Dave 
Fry. 

For further information, please contact: Dr. C. 
Bronson Lane, 203 Dairy Science Building, Univer­
sity of Florida, Gainesville, Florida 32601. 

INDEX TO ADVERTISERS 

Analytab Products, Inc. _________________________ I 
Babson Bros., Co. ____________________ Back Cover 

IAMFES, Inc. -------------- - -------- - --------62 
Pennwalt Corporation __________ Inside Front Cover 
The H aynes iVIfg. Co. __ _________ Inside Back Cover 

CLASSIFIED ADS 
POSITION WANTED 

B. Sc, Dip. Dairy Technologist, 10 years experiences in 
Q~a lit~ Control Lab. works in dairy j food products, em­
m•gratrng to U.S.A. soon, seeks an immediate- position in 
any part of U.S.A. Reply to JMFT, Box 437, Shelbyville, 
Indiana 46176 . 

FOR SALE 

Single Service milk sample tubes. For further in-

formation and a catalogue please write, ) :>airy Technology 

Inc., P. 0. Box 101, Eugene, Oregon 97401. 
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U.S.P. UHIHD STAT!S PHARMACEUTICAl STANDARDS 

CONTAINS NO ANIMAL OR VfGITABLE FATS. AISOLUTUY 

NEUTRAL. WILL NOT TURN RANCID- CONTAMINATE OR 

TAINT WMlll IN CONTACT WrTII fOOD PIODU<TS. 

' ' SANITARY- PURE 

()DORLESS - TASTELESS 

· NON -TOXIC 

nu., t!He 
Ji{i4l-eike 
HAYNES-SPRAY 
olcwU ~ 116ed ~ euweate: 
SANITARY VALVES 
HOMOGENIZER PISTONS - RING$ 

SANITARY SEALS & PART$ 

CAPPER SLIDES & PART$ 

POSITIVE PUMP PARIS 

GLASS & PAPER FILLING 

MACHINE PARTS 
and lor ALL OTHER SANITARY 

MACHINE PARTS wh;ch ore 

(leaned daily. 

Tke '"Melut HAYNES -SPRAY lflefluul ~ .C~ 
C~CVUtl6 Jltilk flee lflifk Oru~Uuuue cuul Cede 
R~ by flee U.S. 'PKI& Hoofflt Sewiee 
The Haynes-Spray eliminates the danger of contamination which is 

possible by old fashioned· -lubricating methods. Spreading lubricants 

by the use of the finger method may entirely destroy previous 

bactericidal treatment of equipment, 

THE HAYNES MANUFACTURING-CO. 
4180 Lorain Ave. • Cleveland, Ohio 44113 

HAYNES-SPRAY INGREDIENTS ARE APPROVED ADDITIVES AND CAN BE SAFELY 

USED AS A LUBRICANT FOR FOOD PROCESSING EQUIPMENT WHEN USED IN 

COMPLIANCE WITH EXISTING FOOD ADDITIVES REGULATIONS. 

Gasket Co lot. • s 

sl;ghtly off-while 

*MADE FROM 

TEFLON® 
" Tlce SGpki6ficofd G~ket" 
THE IDEAL UNION SEAL FOR 

BOTH VACUUM AND 

PRESSURE LINES 

SNAP-TITE self-centering · gaskets of TEFLON are designed for all 

slondar.l i,.,vel seat sanitary fittings. They SNAP into place provid­

ing self-alignment and ease af assembly and disassembly. 

HAYNES SNAP-TITES of TEFlON are unaffected by cleaning solu· 

tions, steam and solvents. They will not embrittle at temperatures 

as low l.l~ minus 200° F. and are impervious to heat up to soo• F. 

fOR A FITTING GASKET THAT WILL OUT-PERFORM All OTHERS." 

S~eeijy •• • HAYNES SNAP-liTES of TEFLON 
e TfflON .AC:CfrTfO SAFE FOR USE ON fOOD & PROCESSING 

fOUirMINT 1Y U, S. fOOD AND DRUG ADMINISTRATION 

• Gatkots modo of " uPon! TEFLON~ TFE· FLUOROCARBON RESINS 

THE HAYNES M&.NUFACTURING COMPANY 
4l80 L~RAIN AVE~IJ'5 • CLEVELAND, OHIO 44113 

~LOW COST •• • RE-USABLE 

~ LEAK-PREVENTING 

NEOPRENE GASKET lor Sanitary Fittings 

SNAP INTO 

FITTINGS 

(Jied ~ $NAl"!J'I"rE -"rf@a,et~ 
Tight joints, no leaks, no shrinkage 

Sanitary, unaffected by heal or fats 

Non-porous, no seams or crevices 

Odorless, polished surfaces, easily cleaned 

Withstand steriliz~t)on 

Time-saving, easy to assemble 

Self-centering 

No sticking to fittings 

Eliminate line blocks 

Help overcome line vibrations 

Long life, use over and over 

• Ayoiloble lor J ~~', JY,", 2", 2~" and 3" fittings. 

Pocked I 00 to the box. Order through your dairy supply house. 

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

A HEAVY DUTY SANITARY LUBRICANT 
~ ' 

Avai/a/ie in bolh 

SPRAY AND TUBE 

All Lubri- Film ingredients are 

approved additives and can be 

safely utilized 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 Plants- Bakeries- Canneries - Packing Plants 

SANITARY • NON TOXIC • ODORLESS • TASTELESS 
SPRAY- PACKED 6 - 16 OZ. CANS PER CARTON 

TUBES- PACKED 12-4 OZ. TI.JBES PER CARTON 

THE HAYNES MANUFACTURING CO. 

CLfV!LAND OHIO 4411J 
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SURGE SERVICES 
the whole system ... regularly 

All the components that make up 
your milking system are at your front 
door when the Surge serviceman 
stops by. Not only does he have the 
necessary equipment, he also has 
the 1<now-how to keep your milking 
system operating efficiently. 

As your operation grows, the need for 
dependable equipment and regular 
service also increases. Your Surge , 

dealer is an independent business­
man and a dedicated partner in your 
dairy progress. 

Periodic checks keep little problems 
from becoming big ones. Your Surge 
dealer will service your whole sys­
tem-Regularly. It's part of his over­
a II effort to put the accent on you . 
Call your Surge dealer; get to know 
him better! 

SURGE I I I the accent is on YOU 

BABSON BROS. CO ., OAK BROOK, ILLINOIS 
BABSON BROS. CO., (Canada) LTD., PORT CREDIT, ONTARIO 
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