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Sliding pin releases 
impeller. 
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N·ATIONAL MASTITIS COUNCIL, Inc. 
(Not For Profit) 

910 Seventeenth Street, N.W. 

Washington, D. C. 20006 

202-223-6820 

NATIONAL MASTITIS COUNCIL ANNUAL MEETING 

LA SALLE HOTEL-CHICAGO, ILLINOIS 

FEBRUARY 8-9, 1972 

Everyone interested in prevention and control of bovine mastitis is cordially invited to attend the eleventh 
annual meeting of the National Mastitis Council. 

The program will concentrate on subjects and speakers recommended by popular request through the 
1971 postmeeting questionnaire. The general theme will be "Looking Ahead" as the speakers discuss current 
progress and look to the future. 

"Evaluation of Teat Dips and Teat Dipping Procedures" will be followed by a panel discussion of 
"Newer Milking Machine Concepts and their Relationship to Mastitis Control" presented by the Milking Ma
chine Manufacturers Council. 

The pharmaceutical industry and the Food and Drug Administration will be r epresented in discussions 
of mastitis remedies, problems at hand, and products that may be used in the future. 

A director of a quality control laboratory will review his experience with the direct microscopic somatic 
cell count, and the results of a critical examination of h erds whose market is in jeopardy will be presented. 

An outstanding dairyman and a well-known veterinary practioner from California will appear by re
quest of NlVIC members who heard them at the NMC meeting in San Diego. 

• Of major significance will be the address by Dr. E. E. Saulmon, Agricultural Research Service, USDA, 
who will consider the merits of possible regulatory m easures for control of mastitis. 

And to give perspective to our thinking a prominent dairyman will bring his reflections on the events 
now taking place and those he sees in the future. 

Informal evening discussions will consider: ( 1 ) Milking machine installation, operation, maintenance. 
( 2) Mastitis therapy. ( 3) Regulation of abnormal milk. 

Plan now to attend this meeting. It will start at 8 :45 a.m. on February 8 and will adjourn at noon on 
F ebruary 9. Fill in the registration form and return it today to the National Mastitis Council. It will save 
time for you and NMC if you send the registration fee with the form . 

Send request for room reservation directly to the LaSalle Hotel. 

William L. Arledge 

President 
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NATIONAL MASTITIS COUNCIL ANNUAL MEETING 

La Salle Hotel-Chicago, Illinois 

February 7-9, 1972 

PLEASE TYPE OR PRINT THIS FORM 

Mail to: National Mastitis Council, Inc., 910 Seventeenth Sh·eet, N. W., Washington, D. C. 20006. 

Fee of $15.00 per person includes registration, February 8 luncheon, and proceedings. Advance payment 

will save time at the registration desk. Your advance registration fee will be refunded if you are unable ' 

to attend. Make check payable to: National Mastitis Council, Inc. 

Register the following person ( s) : 

-; 
;. 
I 

NAME ( S) ----------------------- ------------ - ---·-------------- --- ----------------- ------------ ___ -

REPRESENTING 

ADDRESS --------------------------------------·-------------------------------------------------

CITY ------------------------------------------- STATE -------------------------- ZIP _________ _ 

I cannot attend, but wish to order a copy of the pro ceedings ( $4.00) 
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U.S.P. UNITED STATES PHARMACEUTICAl STANDARDS 
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Sooner or later, it seems, nearly every cow is connected 
to a long -lasting, non-aging, non -flaking TRANS FLOW product: 

TRANSFLOW M-34R MILK TUBING-Clea r as glass, f lexible as rub
ber. The " Standard " for most time- and work -saving da iry equipment. 
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The History 
of Difco 

Quality Control ... 

and what it means to you today 

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

It's a history of a unique kind of control. Difco tests 
each ingredient before it is accepted for use. 
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]. Milk Food Technol. , Vol. 34, No. 12 (1971) 569 

FACTORS IN THE ECOSYSTEM OF FOOD PROCESSING EQUIPMENT ·· 
CONTRIBUTING TO OUTGROWTH OF MICROORGANISMS ON 

STAINLESS STEEL SURFACES' 
R. B. MAXCY 

Department of Food Science and Technology 
University of Nebraska, Lincoln 68503 

( Received for publication July 6, 1971) 

ABSTRACT 

A laboratory sy~tem using 1 cm2 pieces of stainless steel 
with controlled temperature, humidity, and inocula was used 
to study the fate of the microflora of dairy origin on various 
films. Metal squares were treated to simulate incomplete 
cleaning, then inocula ted with raw milk. After incubation 
for 16 hr at 80, 86, 93, or l OG% RH, the microflora was re
covered in sterile phosphate buffer and evaluated using the 
standard plate count method. Isolates from countable plates 
were observed for general characterization . 

Humidity of the ecosystem was a major factor in rate of 
water loss from a film. Available water, and indirectly the 
solute concentration, influenced the microenvironment and 
the resulting population density of microorganisms. Like
wise, the microenvironment had a selective effect on outgrowth 
of bacteria, because of varying sensitivity of bacteria to dry
ing and solute concentration. The gram-negative bacteria 
were inhibited at a lower humidity ( 80% RH) , while the 
higher humidities ( 93 or 100% RH) provided sufficient water 
for abundant outgrowth. Reduction of area of a film ex
posed to air reduced water loss and provided protection for 
harborage of microorganisms. 

Pre-soiling prior to additi:m of a film of milk decreased 
the rate of water loss from th e film and increased bacterial 
growth. Induced lipolysis within a film of milk influenced 
outgrowth of bacteria with an inhibitory effect on gram
positive types. Results indicate that modern closed systems 
and extensive mechanical handling of milk may be favoring 
growth of undesirable gram-negative bacteria , e.g., coliforms 
and psychrotrophs. 

Modern food processing equipment provides a 
complex system for protection and growth of micro
organisms. Microenvironment includes chemical and 
physical factors that affect the individual cells; 
ecosys tem includes secondary and interacting fac
tors, e.g., temperature, humidity, and physical en
closures (2). Though modern cleaning procedures, 
e.g., "cleaned-in-place" ( CIP) operations are quite 
effective, soil residues and microorganisms remain 
(5, 7). Soil consisting of food residues, cleaning com
pounds, and constituents of water provides nutrients 
for microorganisms. Thus, microorganisms may grow 
and contribute contaminants to subsequent food 
processing operations. The microflora of milk hand
ling equipment varies qualitatively and quantitative-

'Published as paper No. 3195, Journal Series, Nebraska Agri
cultural Experiment Station, Lincoln. 

ly (8) depending on the many complex factors of the 
ecosystem. The most commonly recognized factors 
influencing the microflora are soil residue, detergent 
residue, available moisture, temperature, incubation 
time, and population density of microorganisms. 

Most of the above factors are influenced by con
ditions beyond the microenvironment. For example, 
a major factor in the ecosystem appears to be the 
humidity of the environment, because humidity deter
mines the rate and extent of drying and has a secon
dary effect on many other factors in the microenviron
ment (2) . Available water directly influences metab
olism and indirectly influences the transport system 
for assimilation of food and voiding of waste ma
terials . Microorganisms have strict limits of water 
activity in which growth occurs (6), and water activi
ty in thin films of food is dependent on the relative 
humidity (RH) of the environment (3) . At water 
activity below an equilibrium of 95% RH many bac
teria are inhibited (6). This humidity is rather un
common in arid areas. Yet there is a universal 
problem with bacterial contamination from equip
ment. Barnhart et al. (2) showed factors other than 
equilibrium humidity to be involved in determining 
the outgrowtl1 of microorganisms on soiled surfaces, 
and more recently, they (3) showed the solute con
centration to be a critical factor in inhibiting micro
organisms in a film. Varying sensitivity of micro
organisms might be expected to produce a selective 
effect on the microflora. Major factors in the eco
system were investigated to determine tl1eir im
portance in controlling microorganisms. 

MATERIALS AND M ETHODS 

Sotvrces of raw materials 
Whole Grade "A" mixed raw milk, collected from the dairy 

plant of the D epartment of Food Science and Technology, was 
used for inoculating metal squares. The ·inherent micro
organisms constituted the inoculum. 

Surface material . 
Pieces of 1 cm2 stainless steel were cut from commercial 

plate ( #4 finish ). The squares were wash ed by h and brush
ing using an alkaline solution and warm water, rinsed in dis
tilled water, dipped in ethyl alcohol, placed in petri dishes, 
and sterilized in hot air (1 ). 
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TAB1.E 1. EFFECT OF HUMIDITY ON JV[(CHOORGANISl\•IS INCUBAT
ED FOR 16 HR AT 25 C IN A FILM OF MILK ON STAINLESS STEEL. 1 

Initia l 
inoculum SO% 

Humidity level 
86% 93% 100% 

9.2 X 104 1.8 X 102 7 .3 X 107 2.2 X 109 2.7 X 109 

'Numbers of microorganisms per milliliter are based on the 
initial inoculum. After incubation the counts were based on 
the original weight of the sample then expressed as numbers 
per gram. 

Contml of hwn:idity 
Desired hwnidity was obtained using saturated chemical 

solutions in 1-2 liter desiccators (9). The following chemicals 
were used at 25 C: ammonium sulfate - 8G~6 RH, po
tassium-sodium-tartrate - 86% RH, and sodium tartrate - 93% 
RH. To obtain approximately 100% RH, the bottom of the 
desiccator was covered with distilled water and allowed to 
equilibrate. These humidity levels were checked by the use 
of a precision hygrometer. 

Determination of water loss from m ilk films 
For determining immediate loss of moisture, approximately 

0.01 ml of whole milk was pipetted onto each test square on 
the balance pan of a direct reading analytical balance. Sam
ple preparations and weighings were made in a room which 
had been equilibrated to the desired humidity. Weighings 
were made every 30 sec for th e first 5 min and every 1 min 
for th e n ext 5 min. 

' l\lh en 16 hr incubation was used, the squares were weighed 
and immediately placed in th e desired humidity chamber for 
equilibration. 

Evalttation of gratcth 
The microbial con tent of milk smnples for inoculation was 

determined by standard plate count (1). An inoculum of 0.01 
ml of milk was added to each previously sterilized metal square 
to cover approximately 80 to 90% of the upper surface and 
incubated in the appropriate humidity chamber. F ate of the 
microflora was evaluated after recovery by shaking the in
dividual squares in a tube of sterile phosphate buffer (I ) 
based on the meth :Jd of Barnhart et al. (2) . Plating and 
counting procedures were those described in Standard Methods 
for the Examination of Dairy Products (1). 

From plates chosen for counting, 5 colonies were selected 
by random design from each of duplicate plates . Colonies 
were picked, transferred to litmus milk, and streaked on milk 
agar plates. Nature ~f th e isolates was determined by gram 

staining, proteolysis on milk agar plates, catalase production, 
characteristic growth in li tmus milk, gas production in brilliant 
green lactose bil e broth , and spore formation. Combination 
of results of these tests was used to group the bacteria ac
cordin g to their physiological significance in the daii\• in
dustry ( 4). 

Preso iling of stainless steel surfaces 
Pre-treatment of the stainless steel surface involved spread

ing a thin layer of milkfat on the test strip prior to adding 
raw milk. Following incubation · for 16 hr in the 100% RH 
chamber at 25 C, counts and identification of isolates were 
made to determine the fate of the microflora. 

Induced rancidit y in a milk film 
Approximately 0.01 ml of milk (combinations of raw and 

homogenized milk ) was added to each test square and in
cubated at 25 C. Incubation was for 16 hr in a 100% RH 
chamber, after which th e fate of the microflora was de
termined. 

Simulated soil harbomges 

Stacking of squares, to simulate loose metal to metal fittings, 
was accomplished by drilling holes in two opposite corners ' 
of each square and then bending stainless steel wire so as 
to support the squares when placed one on top of the other. 

The desired number of stainless steel squares and their 
support were tared prior to adding whole raw milk. Ap
proxilnately 5 mg was applied between each square, avoid
ing spillage of sample over the edges of the square. Squares 
were manipulated using sterile forceps. Test assemblies were 
placed into open sterile petri dishes and incubated in the 
desired humidity chamber for 16 hr. 

To simulate pressure fittin gs of metal to metal joints, in 
some experiments a steril e C:-clamp was used to provide 
pressure on the above assembly. Other conditions were the 
same as those described for simple stacking. 

RESULTS 

Effect of mlative humidity on water loss from a film, 
of mw milk 

The relationship between relative humidity and 
water loss from a film of milk was determined in 12, 
48, and 67% RH at 25 C. Figure 1 shows the results 
from an average of 2 trials. Approximately 33% of 
the water was lost from the film at 12% RH in 10 
min . Water loss from higher humidities was only 

TABLE 2. EFFECT OF HUMIDITY ON THE FATE OF THE MlCHOFLOllA IN A FILM OF HAW MILK AT 25 C. 

Initia l Distribution of Isolat es after in ~ubation 
inocul um 80% IIH 86% IUJ U3% IIH IOU % RH 

l\licroorganisms No. % ~0. % ~0 . % No. % );o. % 

Streptococci 21 28 3 18 9 8 4 7 0 0 
Micrococci 8 ll 8 50 18 15 5 8 5 6 
Bacillus sp. 0 0 0 0 0 0 0 0 0 0 
Gram-positive-non-

sporeforming rods 6 8 4 25 5 28 4 7 6 8 
Coliform 18 24 0 0 14 12 13 22 17 21 
Gram-negative 

proteolytic rods 13 17 0 0 55 47 26 43 24 30 
Cram-negative non-

proteolytic rods 
( Exduding coliforms) 10 13 1 6 17 14 8 13 28 35 

Total·· number isolates 76 16 118 60 80 
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TABLE 3. SELECTIVE EFFECT ON TilE MICROFLORA OF A SINGLE 
LAYER OF RANCID MILK EXPOSED TO 100% RH FOR 16 HR. 

Distribution of isola tcs 
Initial 

inoculum M % Rll 100~ RH 
?t-Iicroorgau isms 1\o. % No. % No. % 

Streptococci 5 13 17 31 10 3 
Micrococci 7 18 5 9 33 11 
Bacillus sp. 1 3 1 2 2 1 
Gram-positive non-

sporeforming rods 5 13 12 22 17 6 
Coliform 1 3 8 15 39 13 
Gram-negative 

proteolytic rods 5 13 3 6 64 21 
Gram-negative' non-

proteolytic rods- 15 39 9 16 144 47 
(Excluding coli forms) 

Total number isolates 39 55 309 

TABLE 4. EFFECT OF A PRESOIL OF FAT (WITH A SUBSEQUENT 
RAW MILK FILM) ON THE l\HCROFLORA WHEN EXPOSED TO 100% 

HH FOR 16 HR. 

Distribution of isolates 

~licroorganisms 

Streptococci 
Micrococci 
Bacillus sp. 
Gram-positive non-

sporeforming rods 
Coliform 
Gram-negative 

proteolytic rods 
Gram-negative non

proteolytic rods 
(Excluding coliforms) 

Total number isolates 

Initial 
inoculum 

No. % 

13 43 
5 17 
0 0 

2 7 
7 23 

3 10 

(; 0 

30 

\Yith fat Without fat 
presoil preso il 

No . % No. % 

21 27 18 20 
10 13 12 13 
0 0 0 0 

4 5 11 12 
24 30 31 34 

7 9 11 12 

13 17 7 8 

79 90 

f TABLE 5 . .. EFFECT OF STACKING AND/ OR CLAMPING OF STAIN
LESS STEEL SUR-FACES ON THE NUl\IBERS OF MICROORGANISMS 

AFTER INCUBATION FOR 16 HH AT 25 C AT DIFFEHENT 

Initial 
inoculum 

HUMIDITY LEVELS. 1 

SO% RII incubation 
Sta.c1dng Clamping 

100% RH incubation 
Stacking Clamping 

2.0 X 104 1.7 X 104 2.1 X 104 1.9 X 109 6.6 X 108 

'Numbers of microorganisms p er milliliter are based on the 
initial inoculum. After incubation the counts were based on 
the original weight of sample then expressed as munbers 
per gram ._ 

slightly less rapid. This rate of water loss produces 
an inhibitory level of solutes in a milk film before 
microorganisms could pass through the lag phase (3 ). 

VariatiOT)S occurred in the quantity of water lost 
by euplicate squares due to different sample weights. 
Smaller samples consistently lost more water per unit 
weight, because relatively more surface was expos
ed to the atmosphere. 

Equilibrium of a single layer of raw milk was de-

termined by exposure to different humidities ( 80, 
86, 93, and 100% RH ) for a 16 hr period. Average 
results of 3 trials are given in Fig. 2. At 80% RH, 
there was an almost complete loss of water. Higher 
humidities allow:: d less loss thereby leaving adequate 
water for microbial growth. Some water was lost 
at the conditions used to simulate approximately 
100% RH. This loss was attributed to a partial ex
change of air at the time of adding the sample to the 
desiccator and exposure to air at the time of final 
weighing. 

Effect of lnnnidity on microorganisms in a film of 
1nilk on stainless steel 

:Milk samples of approximately 0.01 ml were in
cubated for 16 hr at 80, 86, 93, 'and 100% RH. The 
population was evaluated by total count and by ob
servations on isolates . Results of an average of 3 
trials are given in Table 1. Between 80 and 86% 
RH, there was a very critical humidity below which 
there was no bacterial outgrowth. Above 86% RH, 
there was an outgrowth of bacteria which increased 
with an increase in humidity. 

Results from the observation of isolates obtained 
from total counts are given in Table 2. A selective 
effect can be seen for the two extremes ( 80 and 100% 
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Figure 1. Effect of lnm1idity on the d esorption isoth rm of 

a single layer of raw milk at 25 C on sta in less steel surfaces. 
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RH ) . At 80% RH, the majority of bacteria surviving 
were gram-positive. At the other exh·eme ( 100% 
RH ), approximately 50% of bacteria were gram-nega
tive. Two intermediate levels ( 86 and 93% RH ) had 
no apparent selective effect upon bacteria. 

Lipolysis as a selective facto?· in milk soil 

Raw and homogenized milk (a combination known 
to result in lipolysis) were mixed, applied to stainless 
steel squares, and incubated for 16 In· at 80 and 100% 
RH. An average of 3 trials (each trial consisting 
of 3 squares plated in duplicate) shovved a total count 
of 2.2 X 10• microorganisms per gram when exposed 
to 100% RH, whereas exposure to 80% RH gave a total 
count of 5.6 X 10'' per gram . The latter count was 
somewhat higher than when raw milk was exposed 
to comparable h·eahnents. 

Random isolates taken from the countable plates 
were observed and grouped into major classes (Table 
3 ) . Lipolytic activity and storage at the higher hu
midity suppressed the gram-positive bacteria to the 
benefit of the other organisms . On the other hand, 
there was no apparent difference in the nature of 
the microflora from the initial raw milk and that in
cubated at 80% RH. 
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~ 
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0 
80 86 93 100 

PER CENT HUMIDITY 

Figure 2. The effect of humidity on the extent of moisture 
loss during equi libration of a layer of raw milk for a period 
of J6 hr at 25 C. 

Effect of pTesoiling with milkfat on the subsequent 

micTofloTa. 
Presoiling stainless steel squares with milkfat was 

to detennine if the microflora would be alterE!d in 
a subsequent layer of raw milk. After 16 hr incu
bation at 100% RH, the microorganisms were recov
ered for a total count and further observations on 
the isolates. 

An average of 3 trials showed the total count to 
be 45 x 10" bacteria per gram. Comparing counts 
when a presoil was involved to samples of a simple 
layer of raw milk, no difference could be seen. The 
results in Table 4 show that bacteria surviving on 
the squares presoiled wi th milkfat were essentially 
the same as those bacteria found in the initial raw 
milk. Therefore, it can be concluded that presoil
ing with milkfat bas no selective effect on the fate of 
bacteria in a film of raw milk. 
Effect of shnulated haTboTa.ges f01' the rnicroflom. -

D ecreased surface exposm e of soil to surrounding 
atmosphere was obtained by placing raw milk be
tween stainless steel surfaces. Stacks of stainless steel 
squares were then incubated at 80 or 100% RH for 
16 hr at 25 C. Results of an average of 3 trials at 
each humidity are given in Table 5. At 80% RH 
the protective effect was only adequate to maintain 
numbers equivalent to the original inoculum. At 
100% RH, however, the outgrowth was similar to 
that attained with fully exposed films. Application 
of pressure to the metal to metal contact had no 
apparent effect on the results. 

Obsnvations to determine the nature of the micro
fl ora from harborages of simulated limited space in
dicated no marked selective effect from stacking or 
damping at either of the two humidities (Table 6 ) . 
There was a 5-log increase of bacteria at the 100% 
H.H. Observation of the isolates indicated essentially 

the same microflora as compared to a fully exp osed 
film. Likewise, at 80% H.H fewer bacteria survived 
and the majority were gram-positive bacteri a. 

DISCUSSION 

Humidity of the environment is an extremely in
flu ential factor in the ecosystem of food handling 
eyuipment. The system is dynamic because of evap
oration and condensation which may occur simul 
taneously within an enclosed system because of temp
erature differentials within different parts of the 
equipment. Humidity influences the rate of water 

loss as well as the equilibrium water in a film. H.ate 
of water loss and equilibrium level are also influenced 
by nature of interaction between a milk film and 
stainless steel. Both quantity of water and time 
available determine the fate of the microflora on 
daiJ')' food processing equipm ent. 
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TADLE 6. EFFECT OF Li~ !lTJNG EXPOSURE (STACKING AND/ OR CLAli·IPING) UPON THE MICROFLORA OF RAW MILK WHICH WAS 
EXPOSED TO DIFFERENT HUMIDITY LEVELS FOR 16 HR AT 25C. 

Initial 
inoculum SOo/o HH 

J\fi c:·oorgan isms K o. % 1\o. 

Streptococci 11 37 11 
Micrococci 0 0 15 
Bacillus sp. 0 0 5 
Gram-positive non-

sporeforming rods 3 10 7 
Coliforms 0 0 2 
Gram -negative 

proteolytic rods 2 7 6 
Gram-negative non-

proteoly.tic rods . 14 47 13 
(Excluding colifonns) 

Total number isolates 30 59 

The influence of water activity on the growth of 
microorganisms has been widely studied, and the 
particular importance in foods has been pointed out 
by Mossel (6). Most of the work has been based on 
systems designed to avoid the probLm of equilibra
tion rate. Equilibration rate is a prime factor in 
films of food. Furthermore, most work has been bas
ed on a homogenous environment which did not 
necessarily apply to the mi :::roenvironment of a film 
of milk on stainle-ss stec L '~'here a factor of surface 
interaction would be involve·d. Our work involved 
surface interaction and showed ai1 outgrowth of bac
teria at 86% RH and above. By mechanical reduc
tion of the amount of sample exposed to low humid
ity, the drying rate of the film, even at 80% RH, 
was decreased to a point that there was a major in
crease in the population density. 

The wide variation in the requirement for water 
by different bacteria indicates humidity of the eco
system has a selective effect in a developing micro
flbra. The data showed that at 80% RH the majority 
of the microorganisms surviving were gram-positive 
(50% micrococci; 25% gram-positive non-sporeform
ing rods; 18% streptococci indicating a nonselective 
outgrowth ) . Isolates from the samples incubated 
at 100% RH were of the same general types as were 
in the inoculum of raw milk, and the frequen cy of 
occurrence of the various types at the two te~: t times 
was similar. Reduction of area of a film exposed to 
air reduced water loss and provided protection for 
the harborage of n:icroorganisms so that soil ex
posed to 80% RH produced a microflora similar to 
that developed in 100% RH. Other examples of the 
sensitivity of bacteria to changes in the microenviron
ment arise from a consideration of presoiling with 
raw and homogenized milk Interaction may involve 
lipolytic activity. Increase in surface activity result
ing from lipolysis is more inhibitory to gram-positive 
bacteria thus contributing to a swing in the micro
flora to gram:..negative bacteria. 

% 
19 
25 

9 

12 
3 

10 

22 

Distr ibution of Isolates 
Starli:i ng Clamping 

100 % HH SO% HH 100 % RH 
i\o. % No . % :Ko. % 
7 s 3 19 1 3 

13 16 7 44 0 0 
1 1 2 13 0 0 

11 14 2 13 5 13 
4 5 0 0 5 13 

19 24 0 0 11 28 

25 31 2 13 18 45 

80 16 40 

Many elements of modern dairy food processing 
equipment may contribute to a selective outgrowth 
of microflm·a. Closed equipment such as that de
signed for circulation cleaning maintains a high hum
idity. Modern systems of extensive mechanical hand
ling may contribute to lipolysis thereby producing a 
selective factor in the microenvironment. These fac
tors may b e involved in the apparent growing prob
lem of gram-negative b acteria ; e.g., psychroh·ophic 
and coliform bacteria. 
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ABST RACT 

Half and half containing 10% butterfat was pasteurized at 
90 .6 C for 25 sec and bottled on a Hegent filler in 0.5-oz 
aluminum foil topped plas tic containers. Samples were an
alyzed after storage at 1.7, 4.4, and 7.2 C for 0, 1, 2, 3, 4, 
5, and 6 weeks. Product quality decreased with an increase 
in the storage temperature and the half and half was judged 
acceptable for coffee after 4, 3, and 2 weeks of storage at 
1.7, 3 .3, and 7.2 C, respectively. 

Dairy processors are interested in extending the 
shelf life of dairy products. They are particularly 
interested in half and half for coffee supplied in 
small 0.5-oz packages (coffee creamers ), since many 
milk plant operators with a small volume in coffee 
creamers process once a week or obtain supplies of 
creamers from large processors . In either event they 
desire a shelf life of 4 weeks . 

Recent :Information has been reported (4) on the 
shelf life at various storage temperatures of high
temperature short-time pasteurized milk, but ap
parently there is a lack of information on half and 
half. Extending shelf life of half and half through 
pasteurization at 90.6 C should be of interest to 
dairy processors . The objective of this study was to 
determine the storage life of pasteurized half and 
half at various storage temperatures. 

ExPERii\·I ENT A L PnocED URE 

In three replicate trials, half and h alf containing 10% butter
fat was homogenized at 700 lb. pressm e at 82.2 C, pasteur
ized a t 90.6 C for 25 sec, cooled to 4.4 C, and bottled on a 
Hegent Model M 450 filler-sealer in 0.5-oz aluminum foil 
topped plastic containers. The samples were immediately 
placed in styrofoam containers, covered with ice, and trans
ported to the laboratory. Sufficient samples were collected 
for analysis after storage at 1.7, 4 .4, and 7.2 C (± 1 C ) 
for 0, 1, 2, 3, 4, 5, and 6 weeks in household typ e refrigerators. 

The samples at the end of each storage period were an
alyzed (1 ) for Standard Plate Count ( SPC ). The SPC pro
cedure was modified in tlmt 1 ml of product was distributed 
among 3 plates to provide for improved visibility of the bac
terial colonies. The samples were checked for flavor by tluee 
experienced judges. "Potentially" psyclu·ot.rophic counts were 

'Scientific Contribution No. 475. Agricultmal Experim ent 
Station, Uni versity of Connecti cut, Storrs. 

detem1ined by the method . of Hankin and Dillman (2). F ea
thering values were determin ed as specified in the Sealtest 
Laboratory Manual (3) in which half and half, with a value 
of 4 or above, is considered ;table in most coffee under aver
age conditions. 

The data were averaged arithmeticall y except for SPC 
which were averaged geometrically. The latter included 
actual values noted on the plates even if there were < 30' 
colonies so that an indication of the actual count could be 
recorded . 

RESULTS AND DISCUSSION 

The effects of storage temperature on the keeping 
quality of pasteurized half and half may be noted in 
Table l. The SPC and "potentially" psychrotrophic 
count increased with an increase in time and tem
perature of storage, whereas the flavor score and 
feathering value decreased. The relatively low flavor 
scores of the samples even at 0 weeks of storage re
sulted from the pronounced cooked flavor caused by 
the pasteurization treatment. The comparatively low 
SPC's require some explanation in view of the low 
flavor scores and feathering values. This is par
ticularly true at the 7.2 C storage temperature. One 
of the replicate trials had pasteurized half and half 
in which the SPC did not increase appreciably with 
age. Consequently, the values for this replicate, 
when averaged geomeh·ically with the values for the 
other 2 replicates, markedly affected the average. 

Thus, comparison of the bacterial data with the re
maining data which were averaged arithmetically ap
pears misleading. The differences among replicates 
indicate that there was probably a variation in the 
thoroughness of cleaning and sanitizing the equip
ment. Such variations may be e>.'Perienced in a com
mercial operation and will affect the length of time 
half and half may be stored. 

The results indicate that half and half pasteurized 
at 90.6 C for 25 sec may maintain a desirable quality 
for up to 4, 3, and 2 weeks of storage at 1.7, 4.4, and 
7.2 C, respectively. However, only minimal further 
loss of quailty occurred for up to 6 weeks of storage 
at 1.7 C. These statements are based primarily on 
flavor scores of 36 or above and feathering values 
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TABLE l. THE EFFECTS OF THE TEMPERATURE OF STORAGE ON KEEPING QUALITY OF HALF AJ>.'D HALF 

Weeks 

of storage 

0 
1 
2 
3 

4 
5 
6 

0 
1 
2 
3 

4 

5 
6 

0 
1 
2 

3 

4 

SPC/ml 

2.3 
2.3 
2.4 
1.0 

<1. 
2.0 
1.8 

1.6 
1.4 
1.8 
1.8 

24 

33 
77 

3.2 
27 

3700 

170,000 

420,000 

"Potentially" 

psych rotrophic/ml 

<1 
1.4 

<l 
<1 

<1 
1.0 

<1 

1.0 
1.4 

<1 
<1 

10 

18 
53 

1.6 
15 

1300 

9700 

110,000 

Score 

1.7 c 
36.7 
36.4 
36.3 
36.1 

36.1 
35.8 
35.8 

4.4 c 
36.8 
36.4 
36.3 
36.0 

35.9 

35.4 
34.9 

7.2 c 
36.9 
36.6 
36.2 

35.4 

30.6 

Flavor 

Criticism 

Cooked & feed 
Cooked & feed 
Cooked & feed 
Cooked & lacks 

freshn ess 

Cooked & feed 
Cooked & feed 
Cooked & feed 
Cooked & feed & 

lacks freshness 
Cooked & lacks 

freshness 

Cooked & feed 
Cooked & feed 
Cooked, feed & 

lacks freshness 
Cooked, feed & 

lacks freshness 
Slight sour & 

bitter 

Feathering 

Yalue 

5.0 
5.0 
5.0 
4.7 

4.3 
4.3 
4.3 

5.0 
5.0 
4.3 
4.7 

5.0 

4.7 
4.3 

5.0 
4.7 
4.0 

2.7 

1.0 

of 4 or above. Mention should be made that the ut
most in sanitation must be maintained during filling 
operations. Furthermore, the sales force h andling a 
product such as coffee creamers must be made aware 

Milk Producers Association for suppl ying th e coffee creamers, 
P. H. Schoech for co llecting and transporting the samples, 
and H. H. Farrington and C. W . Hatton fo r checking the 
samples for flavor. 

i of the importance of maintaining storage temperatures 
at 1.7 C or under. Low storage temperatures must 
be maintained from the fill er to the consumer . Milk 
plant operators may well b e advised to consider the 
newer sterile product that is asep tically packaged in 
place of 90.6 C-pasteurized half and half b ecause of 
the improved shelf life that can be expected when 
properly processed and packaged . 
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ABSTRACT 

An investigation of an outbreak of Clostridium perfringens 
foodborne illness indicated that turkey or dressing prepared 
in a school kitchen was responsible. When turkey was again 
prepared in the kitchen, a bacteriological survey and a time
temperature evaluation were made of the thawing, cooking, 
chilling, and reheating to which the turkey, stock, or dressing 
were subjected. During thawing of 22-lb. turkeys in plastic 
wrappers and in paper bags at room temperature for 18 hr, 
neither internal nor surface temperatures reached a level at 
which C. perfringens could grow. Cooking the turkeys in a 
steamer or in a pot of boiling water raised internal temperatures 
to a level lethal to vegetative cells. The stock (in gallon jars 
and a large r~ctangular pan) and deboned meat (in similar 
pan) were stored overnight in a reach-in refrigerator. During 
storage the temperature of both were within a range so that 
C. perfringens spores could germinate and its vegetative cells 
multiply for 7-9 hr. TI1e stock was later used in dressing, 
which when baked, reached internal temperatures known to 
destroy vegetative cells of C. pe1jringens. Meat and gravy, 
when reheated, did not reach such levels. 

Clostridium perfringens, Sta.phylocoocus a·u.reus, and Sal
monella were isolated from raw turkey; C. perfringens was 
isolated from cooked meat, stock, and kitchen equipment. 
Nine recommendations ' for heat destruction of vegetative cells, 
inhibition of bacterial growth during storage, and cleaning 
and sanitizing equipment are made. These recommendations 
will help prev~nt foodborn e illness whenever turkey and 
dressing are prepare.d. 

On numerous occasions foodborne disease out
breaks have followed the serving of tm·key meat in 
school lunchrooms. In one instance, 8-24 hr after a 
school lunch, approximately 80% of the students and 
teachers of an elementary school in Georgia exper
ienced a mild gasb·oenteritis characterized by ab
dominal cramps and diarrhea. Clost?"idium pe1jrin-

'Use of trade names is for identification purposes only and 
does not constih1te endorsement by the Public Health Service 
of the Georgia Department of Public Health. 
' Present Address : Carr-Scarboraugh Microbiologies, Inc. , Forest 
Park, Georgia. 

gens Hobbs type ll was identified from 13 of 14 ' 
isolates that were cultured from stool specimens from 
five of the victims". This finding, together with the 
clinical symptoms, sugges ted that C. perfringens 
caused the outbreak. No food was available for 
laboratory examination; however, the attack rates 
calculated from food histories incriminated either 
turkey or dressing as the vehicle. 

Two days before the outbreak, frozen turkeys were 
thawed at room temperature at the school kitchen. 
The following day some of the turkeys were cooked 
in a steamer, others in a large stockpot on a range. 
The cooked turkey and stock were cooled on table 
tops, then transferred to refrigerators in which they 
were chilled overnight. The next morning, heateu 
stock was mixed with bread crumbs and the resulting 
dress ing was baked in ovens. Cold turkey meat was 
dicrd, gravy that was made from stock was poured 
over the meat, and the mixture was warmed in 
ovens. 

The foregoing information, derived from the epi
demiologic investigation, was inadequate to confirm 
either turkey or dressing as the responsible vebicle. 
Neither did it suggest which stage of preparation 
(thawing, cooking, chilling, dicing, reheating, serv
ing) created circumstances leading to contamination , 
survival, or multiplication of C. perf1·ingens which 
caused the outbreak. Th c: refore, a further investi
gation of the methods used, tl1e product temperatures, 
and the type of contamination on the product and 
on equipment surfaces at each stage of the operation 
was conducted the next time turkey and dressing 
were prepared at the school. Data was interpreted 

3Typing done by the Anaerobic Laboratory Unit, Bacterial 
Disease Branch, Laboratory Division , Center for Disease Con
trol , Atlanta, Georgia. 
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in reference to the growth and survival of C. per

fringens (3 ). 

!VI ETHODS 

T ime-temperature measures 
A continuous tim e-temperature recording was made of all 

stages of preparation- thawing, cooking, chilling, and re

heating•. Frozen turkeys, weighing approximately 22 lb. 

each, were thawed in their original plastic wrappers on work 

tables at room temperature for 18 hr. Temperahrre recordings 

were made of three such turkeys. Another plastic wrapped, 

frozen turkey was put into a double kraft paper bag; the 

open end of th e bag was then folded and taped shut. Thermo

couples with stainless steel bayonet ( type T ) 5 sensors 4 inches 

in length were inserted into the breasts and legs of frozen 

turkeys. Holes for the sensors were made by first pushing a 

heated ice pick about 3 inches into the meat and then ex

tending the holes with an unheated ice pick to a depth to 

accommodate the bayonet. The them1ocouples were then 

push ed into the holes until the tips of the sensors were near 

th e geometric center of each piece of meat. Flat, button

type ( type T) thennocouples were attached to the surfaces 

of the frozen turkeys. Two wires were wrapped around each 

thennocouple lead near the sensor, and the sensor was held 

to the turkey surface by rubber bands passed arotmcl the 

turkey and hooked to the free ends of each wire. The room 

temperatures and the temperature inside the bag were mea

sured with plain, welded-end ( type T) thermocouples; the 

sensor ends were located approximately 2 inch es from a tur

key. 
After the turkeys were thawed, they were cut into quar

ters and put into pans or a large stod,'Pot. Bayonet-type 

thennocouples were inserted into the center of the thickest 

part of a piece of meat so that most of the metal shaft ·was 

buried in th e meat. Surface temperatures were measured 

with fl at, button-type thennocouples. These were held to the 

meat surface by attaching wires around the th em1ocouple lead 

near the sensor and threading and pulling these wires through 

the meat to produce t ension . A plain welded-end them1o

couple was placed a f!')w inch es above tbe meat to measure 

ambient temperature in th e steam er. \Vater temperature in 

the stockpot was measured with a welded-end thermocouple 

at a depth midway between the bottom of the pot and the 

water surface. Turkeys were cooked in a pressure-type steamer 

or in a pot of boiling water for 4.5 to 5 hr. At the comple

tion of cooking, hot stock was poured into several 1 gal glass 

( mayonnaise type) jars. Stock was also poured into a 5-gal 

( 8-inch deep ) rectangular metal pan. Bayonet-type themlo

couples were inserted through the lids and info the geometric 

center of the stock in some jars and fastened in that position. 

The same type of thermocouple was fastened in the geometric 

center of the stock in th e rectangular pan. 

Them10couples were left in each piece of the meat until 

that particular piece was deboned by workers we[).ring dispos

able plastic gloves. After the meat '>vas deboned, thermo

couples were reinserted so that the bayonet tip was in the 

thickest part of a large piece of meat. The meat was put into 

G-inch deep rectangular pans to form a layer about 3 inches 

deep. 

•Temperatures were recorded on Chart No. 5270 ( type T) , 

0 to 500 F range, in an Electronic 16 multipoint recorder 

(Potentiometer) , Honeywell , Fort Washington, Pa. 

' Type T refers to a copper-constantan jtmction. Premium

grade wires were · used. 

The jars and pan of stock and cross-stacked pans of meat 

were put into a previously empty 2-cloor, forced-air, reach-in 

refri gerator. They completely filled this refrigerator. In

itially the refrigerator air temperahrre was 34 F. Subsequent 

temperatures were m easured a few inches away from the 

stored food, at two locations: one close to pans of meat, the 

other close to several jars of stock. 
After being refri gerated overnight, th e stock was put into 

large pots and h eated on a gas ran ge. Normally, the stock 

would have been h eated only until congealed fat melted, but 

at the suggestion of the investigators, stock was heated until 

it reached a .rolling boil. The temperature was recorded 

with a bhmt-end thermocouple ( type T) having its tip 

located in the center of the pot, midway between pot bottom 

and stock surface. 

Some of the heated stock was added to refrigerated com

bread crumbs. Mixin g was done by hand by workers who 

wore disposable plastic gloves. The dressing was then put 

into 2-inch deep baking pans. A •·plain welded-end thermo

couple was inserted into tb e dressing, and the wire was secured 

with tape, so that the end of the thennocouple was in the mid

dle of the pan h alfway clown in the dressing. Pans of chess

ing were baked in an oven set at 375 F. Oven air tempera

tures were taken with plain welded-end them1ocouples about 

an inch above the dressing. T emperatures were recorded 

until the dressing was served . 

Chunks of chilled m eat were diced with a knife on a 

cutting board and put into a pan to which hot gravy (made 

from stock, flour and seasoning) was subsequently added. 

Pans were then put directly on an electrically h eated serving 

t abl e, into an oven ( set at 300 F) to be held until required 

for serving, or on a range and h eated tmtil the mixture reach

ed 165 F . The first two procedures were used dming the 

outbreak. The last procedure was suggested b y the investi

gators as an alternative method. In all situations, a 4-inch 

bayonet-type thennocouple sensor was inserted into one of 

the larger pieces (slightly less th an 1 inch in thickness) of 

diced, cooked turkey. Temperatures were recorded until tl1e 

last portion of turkey was served. 

M·icroblological exam inations6 

Swabs were taken from raw turkeys and from equipm ent 

at various stages of the preparation of the turkeys. Smfaces 

of the tmkeys or equipment were swabbed simultaneously 

with four swabs. Each of two swabs was then put into cook

ed meat-dextrose broth . The third swab was put into a tube 

of tetrathionate broth, and the fomth swab was put into a 

tube of brain-heart infusion broth . 

One of the tubes of cooked meat-dextrose broth was heat

ed to 80 C ( 176 F ) for 10 min, the other was not heated . 

Both tubes were tl1en incubated at 37 C ( 98.6 F) for 24 hr. 

The incubated broth was streaked to modified McCltmg-Toabe 

egg yolk agar which was incubated anaerobically at 37 C 

for 24 hr. Snspicious colonies were picked. Some of the 

picked material was inoculated into cooked meat-dextrose 

broth and some used for gram staining. After overnight incu

bation at 37 C, the broth culture was subcultured to indol

nitrite medium and to motility mediwn to be confinned or 

rejected as C. perfringens . Twenty grams of shredded cook

ed turkey meat were added to 100 ml of cooked meat-dextrose 

broth. Stock was shaken in the san1ple bags and then 1 ml 

was added· to each of two tubes of cooked meat-dexb:ose 

"Laboratory tests for Salm onella and Staphylococcus were per

formed by the Bacteriology Section, Laboratory Br[)llch, 

Georgia Department of Public H ealth. r·· ··· 
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TABLE 1. FOODBORNE PATHOGENS lSOLATED DURING THE PREPARATION OF TURKEYS IN A SCHOOL LUNCH KITCHEN 

k· 
Samples 

Raw htrkey (surface or 
cavity) . 

Sink and drainboard 
Knife 
Glass jars 
ll-feat block 
Pan (after cooking) 
Cooked turkey 
Boned m eat 
Hefrigerated meat 
Stock, cooked 
Stock after r ehigeration 
Stock after dissolving 

congealed fat by heat 

"One isolate produced enterotoxin D. 

Number 
of 

samples 

20 
2 
2 
3 
1 
1 
2 
2 
1 
1 
1 

1 

broth. These were then examined in the same way as swab 
samples. 

Each t etrathionate broth tube was incubated at 37 C 
overnight and streaked to brilliant green agar plates. After 
18-24 hr incubation at 37 C, suspicious colonies were picked 
and stabbed in and streaked on triple-sugar-iron agar slants, 
incubated overnight at 37 C, and confirmed or rejected as 
Salmonella by urease tes ting and slide agglutination. Samples 
of stock were examined for Salmon ella by adding 20 ml 
of stock to 200 ml of tetrathionate brilliant green tergitol 
broth. Fifty grams of turkey meat were added to 450 ml of 
sterile phosphate buffered diluent and homogenized in a 
blender for 2 min, 1 min at low speed and 1 min at high 
speed. Twenty milliliters of the homogenate were then 
added to 200 ml of tetrathionate brilliant green tergitol broth. 
The stock and meat cultures were t ested for Salmon ella in 
the same way as swab samples. 

Each brain-heart infusion broth tube was incubated at 
37 C overnight. The incubated broth was streaked to 
mannitol salt agar and incubated at 37 C overnight. Colonies 
that were suspected of being staph ylococci were picked for 
gram staining and coagulase testing. {Coagulase production 
was tested by the tube m ethod.) Selected coagulase-positive 
staphylococcal colonies ' were tested for enterotoxin production 
according to the method of Casman ( 4). San1ples of stock 

eo 
70 .. /\~ .......... ~~-i: temperature approximately 2 inches from turkey 

............ ................................... ~ ............... . .···./ 

60 
. .................. ···· .. ·· 

!t- 50 

~ 
__ .,,...,.-· 

E 4o ., 
a. 
E 30 
~ 

----------~-~:~~~;~~~~;;~·::~~:~~~:~~:~~~-~- ~-~~--~-~~--~~~-~:~~-~:~:~- -- -- - -·· 
20 ........................ r Center of breast 

10 Center of breast of another 22 pound turkey 

2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 
Hours 

Figure l. Surface and internal temperahrres of 22 lb. 
turkeys (in packagi.ng film ) thawed at room temperature. 

!\umber positive 

Clu!l ridium StaPh.vlococcus 
prefriugens auretlS Salmoutlla t 

3 z· 4 
0 0 0 
0 0 0 
1 0 0 
1 0 0 
0 0 0 
1 0 0 
2 0 0 
1 0 0 
0 0 0 
0 0 0 

1 0 0 

and homogenized turkey were streaked directly onto mannitol 
salt agar plates and examined in the same way as the swabs. 

RESULTS AND DISCUSSION 

Thawing 
Dming overnight thawing at room temperature, 

the interiors and surfaces of tm·keys weighing ap
proximately 22 lb. each did not reach temperatm·es 
that were high enough to support multiplication of 
C. pe1j1'ingens (Fig. 1). Only toward the end of 
the thawing period (after 17 hr) did smface tem
peratures exceed 50 F. After 18 hr at room tem
perature in a double kraft paper bag, a h1rkey was 
still frozen inside and had a smface temperature 
below 40 F (Fig. 2). Thavving turkeys in paper 
bags at room temperature appears to be satisfactory 
if the thawing time does not exceed 1 hr per pound 
(5). 

Raw tu?"lceys 
Of 20 microbiological swab samples from raw tur

keys, three yielded C. pe1j·ri·ngens, two yielded 
Staphylococcus au1'eus (a culture from one turkey 
produced enterotoxin D ), and four yielded Salmonel
la (Table 1). Thus, raw turkeys can serve as vehi
cles for bringing foodborne pathogens into kitchens. 
If these organisms are not killed during cooking, and 
if they have an opporhmity to multiply during subse
quent storage, a foodborne disease outbreak could 
result. 

Cooki·ng 
The smface temperahrre of turkeys that were 

cooked in a steamer rose rapidly and leveled off near 
the vapor temperature in the steamer. The geometric 
center of turkey breasts reached 165 F in 1 to 1.5 

, , 
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80 

20 +Center of Breast Temperature 

10 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 
Hours 

Figure 2. Surface and internal temperatures of 21.9 lb . 

turkey thawed in double kraft paper bag. 

250 
Steamer Temperature 

~-·~:;:::.-... ::::::.:::.:.·"'-.. ·~~·:::: :...., .. ·::·,~::.·.-...~ ..... ~:;:;.;.·,..:::~::!~""'.::,.,· ................. 
; ;+-Surface /' 

225 

'/Temperature , · 
I / 

200 

I ; ' 
175 ~ Thigh-+;/ 

I • 
150 r Teml)~rature 

LJ.. I . 
o I .' 

~ 125 : / 
2 I / 

~100 : / 

~ / 
75 i 

~Breast Temperature 

50 

25 

Hours 2 3 4 

Figure 3. Internal temperature of turkey ( breast and parts) 

cooked in steamer. 

hr, and had almost reached the temperature ( 220 F ) 
in the steamer during the last hour of cooking (Fig. 
3 ). 

The water around turkeys that were cooked in a 
stockpot began boiling about 25 min after the pot 
was put on the range. The geometric center of tur
key breasts took almost 2 hr to reach 165 -F- and 

about 4 hr to reach the temperature of boiling water 
( Fig. 4). 

Vegetative bacterial cells would be killed by these 
cooking procedures (Fig. 10 ), but heat-resistant C. 

perfringt; ns spores covld survive (6, 7) . Cooking meat 
establishes anaerobic conditions which are needed by 
C. perfringens to initiate growth. Cooking also acti
vates spores which germinate when temperatures b e
com e favorable for bacterial growth (2). 

1 Clostridium perfringe11S - apparently having sur
vived cooking in the spore state - was found in 
fresh ly cooked meat that had not yet been boned. 
This organism also was found in samples of meat 
from which the bones had been removed; its presence 

can be attributed either to survival of spores or tf' 
contamination during removal of bones, cutting mea·· 
or contact with utensils or pans. 

Cooling 
After cooking, the turkeys and stock sat on talblE·' · 

for as much as an hour. Th e turkeys were then de
boned and the still-warm meat and stock were put 
into the reach-in refrigerator. The refrigerator air 
temperature rose from 34 F to more than 90 F and 
rEmained above 50 F for 10 hr ( Fig. 5, 6 ). 

Stock in gallon jars remained within the growth 
range for C. perfringens for 8.25 hr (Fig. 5 ) . Stock 
in the large rectangular pan cooled somewhat more 
rapidly, but was still in the growth range for C. per
f'l'ingens for almost 7 hr. 

Turkey stock is an ideal gr~wth medium for C. 
perfringens. Fat congealed on the surface of the 
stock in both the rectangular pan and the gallon jars. 
The jars had lids. These surface coverings, plus the 
fact that cooking establishes anaerobic conditions, 
tended to maintain anaerobiosis in the freshly cooked 
stock. 

Turkey meat that was stored in layers approxi
mately 3 inches deep in 6-inch deep pans also cooled 
slowly, remaining within a temperature range that 
would support multiplication of C. perfringens for 
7.25 to 9 hr (Fig. 6 ) . Turkey meat that was stored 
nearest the refrigerator fan in the fan's draft cooled 
faster than meat stored in other locations: -

Clostricliwn perf'ri11gens vvill, after a lag period, 
multiply in the temperature range of 60 F to 122 F 
(1, 3). If the bacterial lag period were 1 hr, for in
stance, these b acteria would have multiplied (rapid
ly from 122 to 86 F , and slowly at lower tempera

tures) over a period of 6 to 8 hr. During the: 7 to 

250 
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200 

175 
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·~ 150 
::J 

"§ 125 

"' a. 
E 100 
~ 

75 

50 

25 

;-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-::·-::.:·-:.:;·-:.:·.::.-·:.=-... · ........... ,..... ..... 
i Water Temperature 
I 

i 
I 
j 
; ,. 

,; 
! 

2 3 4 
Hours 

Figure 4. Internal temperature of turkey breast cooked in 

a stock pot on a gas range. 
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225 

25 Length of time stock in metal pan stored 
wiThin remperotureronc;~ealJuwtnvllrOwlh 
otCtostrid•um~~ 

I 2 3 4 5 6 7 8 9 10 I I 12 13 14 15 16 17 18 19 
Hours 

Figure 5. Cooling of turkey stock in a commercial-type 
reach-in refrigerator with the entire unit filled with hot 
turkey and stock. 

225 

200 

Length of time turkey meat In 6 inch 
pons stored within temperature range 
allowing growth of Clostridium perfringens 

175 \ 1--·- ·- ·-·- ·- ·- ·- 9 hours - ·- ·-·-i 

~ 150 \~:~,:~urs----i 
·, 

~ e 
125 

\. Turkey meat at top of refrigerator in unit away from fan 

~~·. . \ Turkey meat at top of refrigera tor ~ 100 
E 

~ 75 

50 

',:· ·.-·••·y· -.:~\.. . . . . )in unit close to fan 
-. · · >- ·::: :::·.:;::~~~;~;:~;;:t:~~:r_f~n-.-

Growth 
range t
t22°F 

for 
Clostridium 
perf ring ens 
60 °F 

25 Refrigerator air temperature - -- - -~-.. ::_:._-_ 

t 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 
Hours 

Figure 6. Cooling of boned turkey meat stored in 6-inch 
pans ( 3 inches deep) in commercial-type reach-in refrigerator 
that was filled to capacity with hot turkey and stock. 
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200 
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150 
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c. 
E 
~ 75 

50 

25 

Approximate point at which stock was 
usually removed from stove and added 
to dressing or mode into gravy 

minutes 5 10 15 20 25 30 35 40 45 50 55 60 

Figure 7. Heating of turkey stock on gas range. 

9 ln· in which stock or meat was within the growth 
range for C. pmfringe·ns, heat-resistant spores could 
have germinated and the resulting vegetative cells, or 
organisms that had contaminated the meat or stock 
after cooking, would multiply without competition 
from microflora that would normally be found on 
raw tmkeys (Fig. 5, 6, 10 ). '· " 

Swab samples taken from a glass jar which was 
ready to receive the hot stock and from a meat block 
yielded C. pe1jringens (Table 1). This finding em
phasizes the potential for contamination afteJ.\ cook
ing. This organism was also recovered from meat 
which had been refrigerated overnight. 

Preparation and reheating 
According to the kitchen supervisor, stock was 

routinely heated until congealed fat on the surface 
melted (at about llO F) (Fig. 7) . Because of the 
potential for bacterial growth during overnight stor
age in the refrigerator, the investigators suggested 
that stock be brought to a boil before it was used 
to make gravy or dressing. This practice would kill 
any vegetative cells that may have multiplied during 
storage and would prevent an outbreak of C. pe1"
fringens foodborne illness from this source. 

When meat and gravy were mixed and put on ~ 
elech·ically heated serving table, the mixture never 
reached a temperature that could kill foodborne 
pathogens (Fig. 8). When meat and gravy were 
mixed and put into an oven for warm holding, the 
mixture reached a temperature of about 150 F in 1 
hr, and at the time of serving, the temperature had 
risen to about 160 F (Fig. 8). The time-temperature 
relationship that resulted could kill vegetative bac
teria. Some pans of meat, however, were not kept 
in the oven for an hour. If stock had not boiled 
prior to pouring it over the meat, the final tempera
ture would have been several degrees lower, perhaps 
no more than 100 F in many instances. This tem
p erature, of course, would not kill C. pe1jringens 
and, given time, would permit multiplication. Other 
than long periods in ovens, another safe procedure 
for handling meat and gravy would be to heat the 
two together on a range, stirring occasionally until 
the meat reaches 165 F, or, if a bayonet- type meat 

200 

175 

150 

~ 125 

Hot gravy added and mixture placed on electric 
serving table - ·-

! ~ - -· 

,~.. ./ 
I \,/ I ,,..\:,..., 

I I 

,. .,.. 

f / Hot gravy added and 
1 lf; mixture heated in oven 

I • t 
50 ~---_ ... 1_· Hot gravy added ond mixture 
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25 Chilled turkey set out at room temperature 

Hours 2 3 4 

Figure 8. Preparation and cooking of chilled' turkey meat. 
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E 
~ 
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125 
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75 

50 

25 

. Cooking oven 
/ ... air temperature 

:. Holding oven air 

/ ...... .J \,temperature 

Cooking commenced 

Cooking oven 
air temperature3 

\IC" 
·"' · -·~\.rDressing temperature 

\ when held in cooking oven3 

'·,. 
\.~Dressing temperature when 

·,,held at roam temperature 

""f~~·~~"~;;·;·~:~~·;~;~;~·- ................... .. 

Preparation king Holding and servil)g 
Phase Phase Phase 

Hours 2 3 4 

Figure 9. Preparation, cooking, holding, and serving of 

turkey dressing made from bread crumbs, corn bread crumbs, 

and turkey stock. 2Two inches deep in 4-inch pans . 3Tem

perature turned off. 

thermometer is not available, until the gravy boils 

(Fig. 8). 
During preparation of dressing, bacteria could 

possibly grow for more than an hour. The tem
peratures reached during baking, however, would 

kill vegetative cells, and even if spores germinated 
or if the baked dressing were recontaminated, there 

would not be time for multiplication before serving 

225 

200 

1ap;d death fa• 175 vegetative bacterial cells 
165 
150 

LL 
0 

Q) 125 
5 122 
'6 
GiiOO } G•owth mnge fo• a. 
E Clostridium perfringens 
~ 75 

60 
50 

25 
7urkey Carcass 

Hours 4 8 12 16 20 

(Fig. 9, 10 ). If dressing were prepared under con

ditions observed in this investigation (Fig. 9), it 

could not cause an outbreak of C. perfringens food

borne illness. 

Outbreak situation 
The time-temperature relationships which probably 

occurred during the outbreak are illustrated in Fig. 

10. These relationships are based on the observed 

time-temperature recordings (Fig. 1-9 ) and informa

tion provided by the school lunch supervisor during 

the epidemic investigation and the subsequent sur

vey. Fig. 10 indicates that meat and gravy, but not 

dressing, were responsible for the illness . There is 

evidence that spores survived cooking, and it is 

possible that contamination was h·ansferred to the 

meat or stock from containe~:s and utensils after 

cooking. Ample opportunity followed for bacterial 

growth in both turkey meat and stock during stor

age, and the heat treatment prior to serving was, for 

the most part, inadequate to kill vegetative cells of 

C. pe1jringens. H owever, vegetative cells would have 

been destroyed by the temperature reached in the 

dressing during baking. 

R ECOMMEl\'DATIONS 

The most critical aspect of preventing foodborne 

illness from turkeys is adequate time-temperature 

control. Ideally, turkeys should be served immedi

ately after cooking, but in school lunch or food serv

ice operation this is seldom practicable. The next 

best procedure would be to cool the turkey and 

stock to 50 C or below within 2 to 3 lu· after cooking 

and to reheat both to at least 165 F just before 

,, 
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Figure 10. Illustration of possible time-temperature relationships during turkey preparation in a school lunch kitchen. 
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serving. Because of equipment limitations, schools 
are seldom able to accomplish rapid cooling of 10 
to 12 large tmkeys unless careful attention is given 
to the process. Therefore, the following recommend
ations should prove helpful in the prevention of food
borne illness from C. perfringens, as well as other 
agents, whenever turkey and dressing are prepared: 

(a) Cook turkeys until the internal breast tem
perature reaches at least 165 F, preferably 
higher. 7 

(b) Wash hands and use disposable plastic gloves 
when deboning, dicing, or othervvise hand
ling cooked turkey.7 

(c) Separate turkey meat and stock before chill
ing.' 

(d) Chill the turkey and stock as rapidly as pos
sible after cooking. Dont assum.e that sim
ply gett·ing them into the ref-rigerator will 
be satisfactory! If the refrigerator is too 
small or the temperature too high or if the 
pans used to store meat or stock are too 
large, other procedures for rapid chilling 
should be employed prior to refrigeration. 
Procedmes such as a running water bath, an 
ice or slush bath, continuous agitation in a 
mixer, or placing in a freezer for an hom or 
so increases the rate of cooling. Don't al
low foods to simply cool to room temper
ature before refrigerating them. 

(e) Use shallow pans ( 4 inches deep or less) for 
storing stock and deboned turkey in refri
gerators. These pans should be cleaned and 
sanitized prior to use. The pans should b~ 
filled only to about one-half the depth. 

(f) Thoroughly wash and sanitize all containers 
and equipment which previously had contact 
with raw turkeys before using for cooked 

meat or stock! 
(g) Bring stock to a rolling boil before making 

gravy or dressing. (If giblet gravy is rpade, 
it should also be boiled for about 10' min 
after giblets are added.) 

(h) Bake dressing until all portions reach a tem
perature of 165 F or higher.' 

(i) Just prior to serving, heat turkey pieces sub
merged in gravy on a range until the largest 
portions of meat reach 165 F . If a thermo
meter is not available to check temperatures, 
bring the mixture to a boil, stirring occasion
ally to ensure uniform heating. Covering the 
pan with a lid can be expected to shorten the 
heating time required. 
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SOS/ 70 PROCEEDINGS AVAILABLE 

Proceedings of the Third International Congress 
on Food Science and Technology will be available 
for dish·ibution by November 1 from the Institute of 
Food Technologists, host of the August, 1970 gather
ing of world-wide food scientists in Washington, 
D. C. 

The Third Congress, which bore the theme "Sci
ence of Survival," ( SOS/70 ) attracted more than 
2,000 registrants from 57 nations for reports on new 
food somces and technologies to alleviate world-wide 
food shortages. 

The hard-cover volume of nearly 1,000 pages, 

contains 135 invited, symposia and plenary session 
papers and remarks, inaugural ceremony addresses 
and the W. 0 . Atwater Memorial Lecture. The book 
is bound to library specifications . 

Post-paid prices are: $7.50 per single copy for Con
gress regish·ants; $2.50 per copy for students registered 
at SOS/70; $15.00 per copy for all others and ad
ditional copies for Congress and Student registrants. 

Remittance in U.S. currency must accompany order 

to : SOS/70, Institute of Food Technologists, 221 N. 

LaSalle Sh·eet, Chicago, Illinois 60601. U.S.A. 
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A CASE STUDY: EFFECT OF MOLD ON GROWTH OF COAGULASE

POSITIVE STAPHYLOCOCCI IN CHEDDAR CHEESE 

c. L. D UITSCHAEVER AND D . M. lRVli E 

Food Science Department 
University of Guelph 

Guel7Jh, Ontario, Canada 

(Received for publication June 3, 1971 ) 

ABSTRACT 

A large lot of Ch eddar cheese was refused by a food process

ing plant on the basis of extensive mold growth. The mold 

belonged to the genus Penicillium.. There was a gradual in

crease in pH from the center of the cheese (pH 5.48) tow

ards the moldy surface (pH 7.80). All portions of the 

cheese yielded staphylococci, but those isolated ( 100-1000/ g) 

from the subsurface moldy areas were all coagulase-posi

tive. Coliforms and salmonellae were absent. Aflatoxins 

could not be detected but the isolated coagulase-positive 

staph ylococci were able to produce enterotoxin D. 

A large quantity of Cheddar cheese, made in a 

modern Canadian cheese factory was refused by a 

food processing company because of extensive sur

face mold growth and consequent possible health 

hazards. Review of vat records disclosed that the 

milk for production of this cheese had been given 

a sub-pasteurization treatment of 140 F for 16 sec, 

which is common practice in Ontario cheese factories 

for the production of raw milk Cheddar cheese. The 

whole manufacturing process was normal and the 

milling acidity was 0.81%. The 3,000 lb. vat lot of 

curd had been pressed into 240 lb. blocks, which were 

later subdivided into 40 lb. portions and wrapped in 

"Parakote." This cheese had received a first grade 

( 40/ 93) by the graders of the Canada Department 

of Agriculture (1). During curing over a year period, 

abundant mold growth, of the genus Pen·icilliu.m, 

had developed on some surfaces. For this reason, 

the prospective buyer felt that the cheese was un

acceptable. Analysis of representative samples of 

the cheese by this laboratory showed a normal fat 

(33%) and moisture content (35.16%). Tests for the 

presence of aflatoxins were negative. Organoleptic 

evaluation confirmed the earlier score of 40/93. 

Microbiological tests. were negative for coliforms and 

salmonellae, but 630 staphylococci per gram were 

detected of which 30% were coagulase-positive. Be

cause of possible effect of mold growth on the pH 

of the cheese, which in turn would influence localized 

growth and toxin production -by contaminating stap

hylococci, samples were taken fi·om different por

tions of the che~se, both from the center and moldy 

surface areas. All portions yielded staphylococci, 

but coagulase-positive staphylococci could only be 

found near the moldy surface. Also, the total num

ber of isolates was always higher in the subsurface 

samples (center portions 10-100/g, subsurface por

tions 100-1000/g). 
Successive slices of about 1 rnm thick, starting from 

the outside of the cheese had a pH of 7.8; 7.21; 7.47; 

6.98, and 6.7, respectively. The pH at the center of 

the cheese block was 5.48. Thus, there seemed to 

be a correlation between pH and growth of coagu

lase-positive staphylococci. Isolates of coagulase

positive staphylococci were further tested (2) for their 

ability to produce enterotoxins A, B, C, and D. 

Small amounts of enterotoxin D were produced by 

all isolates. 
This case study shows that when mold is allowed 

to develop on the surface of cheese during prolonged 

storage, it can cause a gradual increase in pH favor

ing localized growth of contaminating staphylococci 

and therefore possible production of toxin. These 

limited data seem to amplify the findings by Zehren 

and Zehren (3) who reported that insufficient acid 

development in cheese favors growth of staphylococci 

and toxin production. 

It was also surprising that the organoleptic quality 

of this cheese did not deteriorate with the marked 

increase in pH. Removal of the surface mold growth 

prior to shipment would have never aroused any 

suspicion by the buyer about the real quality of the 

cheese. 
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SURFACE TENSION OF COMMON AQUEOUS AND ORGANIC 
PHASES IN FOOD EMULSIONS' 

M. K. SuPRAN, J. C. AcTON, A . J. HowELL, 

AND R. L. SAFFLE 

Department of Food Sc-ience, Universit y of Georgia 
Experim ent Station, College Station, Athens, Georgia 30601 

( Received for publication June 7, 1971) 

ABsTRAc·_· 

Surface tensions of food grade oils, sodiwn chloride, suc
rose, and dioctyl sodium sulfosuccinate were studied in a 
temperature range of 20 C to 50 C. Solutes in aqueous 
solution were varied in concentration. Regression equations 
were determined for each oil and solution except dioctyl 
sodium sulfosuccinate which exhibited a Type III surfactant 
response. 

"All emulsions are thermodynamically unstable 
systems since the globule size progressively increases" 
{4) . J. ' Villard Gibbs is reported to have said that 
the only time an emulsion is stable is when it is 
broken {2). Food emulsions constitute extremely 
complex systems of immiscible phases. To predict 
the "practical" stability of these systems, an evalua
tion of their prop~rties is indicated. One of the 
first properties to be evaluated is the surface ten
sion of the phases involved in the emulsion. Since 
relatively few systematic studies have been reported , 
the au thors have investigated the effect of solute con
centration and temperature on aqueous solutions of 
sodium chloride, sucrose, and dioctyl sodium sul
fosuccinate. 

MATERIALS AND METHODS 

Fresh samples of corn, co ttonseed, mustard, MCT (medium 
chain triglycerides) ; olive, peanut , safflower, "high oleic 
acid" safflower, and soya oils were studied. Reagent grade 
sodium chloride, sucrose, and dioctyl sodium sulfosuccinate 
( Complemix 50, American Cyanimid) were used for prepara
tion of the aqueous phases studied. 

Surface tensions were measured by the capillary rise method 
(1, 3) using glass capillaries with a mean radius of 0.0325 ± 
0.0015 em. The radius of each capillary was determined by 
measuring the capillary rise of liquids of known f urface ten
sion. Water, benzene, and N-hexane were employed at 20 C 
for this purpose. Their surface tensions arc 72.75, 28.88, and 
i8.43 dynes/ em, respectively (7 ). 

The equation for the calculation of capillary radii and sur
face tensions is: 

Y = 1/ 2 hdrg = 1/ 2 (h, - h, ) drg 
where Y surface tension, dynes / em 

h2 height of liquid in capillary, em 
h, height of main menicus, em 
d density of liquid, grams/ cm3 

r capillary radius, em ------
'University of Georgia, College of Agriculture Experiment 
Stations, Journal Paper Number 985, College Station, Athens, 
Georgia 3060 l. -

TABLE l. REGRESSION EQUATION, LACK OF F IT TEST, AND 

STANDAHD DEVIATION OF T H E SLOPE FOR THE HELATIONSHIP 

BETV?EEN ( 20-50 C) AND THE SUHF ACE TENSION OF THE 

VEGETABLE OILS STUDIED. 

Regression 
(Y =a+ bT) Lack of 

Oil Inte l'cept Slope s, fit 

Corn 33.845 - 0.054"" 0.009 ns 
Cottonseed 33.001 -0.036"" 0.009 ns 
Mustard 34.354 -0.053" 0.021 ns 
MCT 30.140 -0.047" " 0.006 ns 
Olive 33.377 -0.057"" 0.016 ns 
Peanut 33.312 -0.047" 0.017 ns 
Safflower 33.980 -0.054" " 0.015 ns 
Safflower (high oleic 34.397 -0.076" " 0.015 ns 

acid) 
Soya 34.598 -0.06200 0.006 ns 

T = oc 

ns Not significant at 95% level 
0 = Significant at 95% level 
00 = Significant at 99% level 
sb = Standard deviation of slope 

TABLE 2. ANALYSIS OF VARIANCE FOH li1ULTIPLE REGHESSJON 

OF CONCENTRATION (C) AND TEMPERATURE (T) ON THE 

SURFACE TENSION OF SODIUM CHLOHIDE AND SUCROSE SOLUTIONS . 

Sucrose Sodium chloride 
Source d, ))f ean square Mean square 

Xo 1 302,703.08 306,858.25 
c ; xo 1 5.93"" 4.16° 0 

T I C, Xo 1 73.05° 0 37.3000 

Residual 57 0.46 0.80 

Significant at 95 % level 
00 Significant at 99% level 

g = gravity constant, 981 cm / sec2 

The temperature was maintained by a constant circulating 
water bath at ± 0.1 C at each temperature. The contact 
angle at the meniscus was assumed to be equal to zero. 
Densities were measured by weighing 50 ml aliquots in tared 
volumetric flasks. All statistical analyses were performed ac
cording to Ostle (5). 

R ESULTS AND DISCUSSION 

The resulting regression equations for each of the 
oils studied is given in Table 1. Three replications 
were made for each oil at 20, 25, 35, and 50 C. Each 
replication was an average of three determinations. 
The temperature effect was found to be significant at 
95 or 99% level of significance. All of the regressions 
were.found to fit a linear model as evidenced by the 
non-significant lack of' fit tests. The intercepts and 
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T ABLE 3. SURFACE TENSJON

3 
OF DJOCTYL SODIUM SULFOSUCCINATE SOLUTIONS AT VARIOUS CONCENTRATIO NS A ND TEl\•IPERATURES. 

Concentration 
% (w/w) :w 

0.01 5~.8 1 ± 4.06 59.88 
0.025 53.15 ± 2.79 53.15 
0.05 42.17 ± 4.02 44.87 
0.1 38.62 ± 2.01 39.63 
0.175 32.80 ± 2.14 32.84 
0.25 30.29 ± 1.26 30.96 
0.5 28.90 ± 0.44 29.01 
1.0 28.32 ± 0.35 27.74 
"Standard deviations presented for each value. 
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Figure 1. Relationship between the concentration of 
dioctyl soditm1 sulfosuccinate and the resulting surface ten
sion at 20 C. 

slopes were very similar with the exception of the 
MCT intercept. All of the slopes were negative, 
conforming to the fact that the surface tension of 
liquids decreases with increasing temperature (1 ). 
At 20 C values of 32.24 and 32.28 dynes/em were 
calculated for olive oil and cottonseed oil, respective
ly. According to Becher {1), the surface tension of 
olive oil ( 20 C ) is 33.0 dynes/ em and according to 
Swern (6), the surface tension of cottonseed oil, at 
20 C, is 35.4 dynes/em. Neither author gives more 
than these figures iJ;J. the 20~50 C range. 

Sucrose solutions were studied at concenb·ations 
of 1.0; 3.0, 5.0, 7.5, and 10.0% ( w /w) and at tempera
hlres of 20, 25, 35, and 50 C. Sodium chloride so
lutions were evaluated at these same temperahu·es, 
l}ut in concentrations of 0.5, 1.0, 1.5, 2.0, and 3.0% 
( w /w) . Three replications (each consisting of the 
average of three determinations) were made for each 
concentration-temperature combination. 

._. Table _2 gives the !'lnalyses of variance obtained 

'l'empera ture (C) 
~;:. 35 50 

± 3.09 57.69 ± 1.86 56.84 ± 2.45 
± 4.42 51.41 ± 1.91 53.18 ± 1.63 
± 1.61 43.41 ± 3.10 39.72 ± 1.66 
± 1.47 38.09 ± 1.14 37.65 ± 1.50 
± 1.34 31.14 ± 0.41 31.24 ± 1.09 
± 0.63 30.78 ± 0.45 29.92 ± 1.04 
± 0.44 28.79 ± 0.15 28.71 ± 0.30 
± 0.61 27.48 ± 0.46 27.42 ± 0.29 

for the regression of concentration and temperature 
on the surface tension of the sucrose and sodium 
chloride solutions tested . The resulting multiple re
gressions were: 

Sucrose: Y = 73.636 + 0.099C - 0.096.':( 
Sodium Chloride : Y = 73.261 + 0.306C - 0.069T 
where Y = predicted surface tension, dynes/ em 

C = percent solute (w/w) 
T = oc 

In both instances temperature was inversely related 
to surface tension while concentration was directly 
related. At a given temperature the electrolyte was 
approximately three times as effective as sucrose in 
raising the surface tension . All coefficients were 
found to be significant at 95 or 99% significance 
level. These linear relationships conform to the 
Type II curve (1) assigned to electrolytes and sugars. 

Aqueous solutions of dioctyl sodium sulfosuccinate 
were evaluated at concenb·ations of 0.01, 0.02.5, 0.05, 
0.1, 0.15, 0.25, 0.5, and 1.0% (w/w) at temperatures 
of 20, 25, 35, and 50 C. Once again, three replications 
(each representing the average of three determina
tions) were made for each concenb·ation-temperature 
combination. The results are summarized in Table 
3. The relationship between the concentration of 
dioctyl sodium sulfosuccinate and the resulting sur
face tension at 20 C is shown in Fig. 1. This curve 
compares well with the Type III curve (1) assigned 
to surfactants, i.e., compounds which ch astically low
er the surface tension of liquids when in extremely 
low concentration. 
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BACTERIAL FLORA OF PREFROZEN DRY-CURED HAM AT THREE 
PROCESSING TIME PERIODS AND ITS 

RELATIONSHIP TO QUALITY 
P. P. GRAHAM1 AND T. N. BLUMER

2 

Department of Food Science 
No rth Carolina State Uni-w rsitu 

Raleigh, 27607 

( H.eceived for publication July 23, 1£7 1 ) 

ABSTRACT 

Hams frozen, stored, thawed, and dry-cured were sampled 
microbiologically aft er thawing, after curing, and after 30 
days aging at about 34.5 C and about 62.5% relative humidity. 
Selective isolation techniques were made on samples from 
the surface of the butt, shank, and cushion surfaces and in
ternally from th e butt, shank, cushion, knuckle, semitencUnosus, 
and biceps femoris of each ham. Surface samples and intra
muscular shank samples contain ed the greatest total number of 
microorganisms. Coagulase-negative Staphulococcus a.u:retts 
were present in highest numbers at each ham location and 
at each processing time. The number of microbial cells per 
gram increased after curin g above that in the fresh hams and 
then decreased generally after aging. No adverse effects on 
quality were observed and quality appeared unaffected as 
bacterial numbers changed . Lancefield D group streptococci, 
Staphylococcus epidermidis, and species of Micrococcus, Pro
teus, and Bacillus were present in low numbers within the 
hams. Moisture content appeared to be th e limiting factor 
of bacterial growth; however, salt tolerant mic~oorganism s 
were th e predominant flora. Variations in pH did not appear 
to influence the microbiology of the hams. Bacteria of 
public health significance were not isolated on or within the 
ham tissues. 

Country style ( CS ) hams are produced commer
cially in sizeable volume primarily in southeastern 
United States. Production has increased rapidly in 
this area during the last 10 years and the trend has 
been to reduce the processing time to a minimum 
while attempting to improve and standardize quality. 
Few studies have been conducted on the microbiolo

. gy of CS hams unsfer conditions presently used for 
processing. 

In this study thawed pork was used and it may 
be more permeable to curing ingredients and micro
organisms than is fresh unfrozen pork. Frozen pork 
becomes more porous and ultimately more permeable 
to. curing solutions than pork that has not been froz
en (1) . However, salt diffusion rate in meat frozen 
at -20 C for 10 clays and then thawed was compared 
with fresh meat and no significant difference in dif
fusion was observed at -2 C (31). A decrease was 
shown in the number of Staphylococcus aureus in 

'Present address : Department of Food Science and Tech
nology, Virginia Polytechnic Institute and State University, 
Blacksburg, Virginia 24061. 
2To whom correspondence should be addressed . 

ground pork after 18 months of frozen storage (21). 
Recovery of low numbers of Salmonella after freez
ing and storage for one month has been reported (19). 
These low numbers may have been due to injury of 
cells, since it was reported that fr eezing injures Sal
monella, gallinarmn (27). However, these workers 
found no relationship between injured and unin-
jured cells in relation to their pathogenicity. ' 

A study with CS hams (3) showed that the fresh 
product contained species of SaTcina, Micrococcus, 
and Bacillus on the exterior surface. The interior 
tissues contained one yeast species, but no Sarcina. 
Control hams sampled after 2 weeks curing con
tained the same microorganisms as fresh indicating 
they would withstand high salt content. 

The objectives of this study were to determine 
genera and the relative numbers of microorganisms 
presmt in hams that had been frozen and stored, 
then sampled after thawing, after curing, and after 
aging and to determine the relationships to quality. 

MATEHIALS AND METHODS 

Hams from 15 hogs grown on the University farm wer~ 
allotted to an incomplete block design with the sampling 
times being treatments and the pairs of hams the blocks 
(Table 1 ). Three pairs of hams were required for one 
replication and a total of five replications for the experiment. 
The cutting procedure outlined (10) was modified in that 
the ham skin and subcutaneous fat were removed according 
to commercial pwceclure. Hams were then individually 
packaged, frozen, and stored for approximately 12 months 
at -17.8 C. H ams were removed from the freezer ~nd 
allowed to thaw in the package for 7 clays at 3 C. 

Subjective evaluations of quality were made on representa
tive samples at each processing time (Table 2 ) . Hams allotted 
to the curing and aging h·eatm ents were rubbed with a mixture 
of 3.6 kg table grade granulated NaCl, 0.9 kg white cane 
sugar, and 85 g KN03 per 45.36 kg of ham . This mixture was 
applied at the rate of 101.1 g per kg of ham with one-half 
of the mixture applied on the first clay and the remainder 
on the fifth clay of cure. The hams were cured two clays per 
0.45 kg at 3-5 C. After curing, hams were soaked in free 
running cold water, placed in stockinette material , and hung 
shank down for 1-2 hr to dry. Hams were then weighed, 
evaluated for quality, and smoked at 30 C to a light mahog
any color by burning moistened hardwood sawdust. Aging 
was accomplished with hams hung shank down at about 34.5 
C and about 62.5% relative humidity for 30 days. 

Hams in each treatm ent (Table 1 ) were sampled for micro-

' ,. I 
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TABLE 1. ALLOTl\IENT OF HAM PAIRS TO TREATMENTS 

Processi ng time 

Replication 'l'bawed Cured Aged 

23-11-R' 23-11-L2 

1 24-1-R 2-!-1-L 
57-2-L 57-2-H 

57-4-L 57-4-H 

2 52-1-R 52-l-L 
22-1-L 2.:2-l-H 

23-8-H 23-8-L 

3 24-4-L 24-4-H 
51-1-R 51-1-L 

51-7-H 51-7-L 

4 52-11-H 52-11-L 
23-3-L 23-3-H 

52-9-H 52-9-L 

5 51-5-H 51-5-L 
52-3-H 52-3-L 

'H right. 
2L left. 

bial analyses. Surface samples cut about 2 mm thick were 

taken from the ham butt ( BS) , between the illium and th e 

external fat layer or skin side; shank samples ( SS) from cut 

surface of both sides of tibia; and cushion samples ( CS) im

mediately ventral to the a itch bone ( ischium ). Intramuscular 

(internal) samples were taken from the butt ( BI) , shank 

(SI), and cushion (CI) areas. Muscles represented from tl•e 

BI included the gluteus m edius, gluteus accessorius, gluteus 

profu.nclus, and rectus femoris; muscles of the SI included deep 

digital fle.w1', extensor digiti quinti, and extenso1· digiti quarti; 

and muscles of CI included the sem·imembranosus, ad

du ctor, and graci.lis. The semitendinosus and biceps femoris 

muscles comprised the area designated SB. The knuckle 

sample internal area was designated KI and included the 

muscles v astus lateralis, rectus femoris, vastus intermedius, 

and vastus medialis. 

All muscle areas were clipped in 95% ethyl alcohol, flamed, 

and trimmed twice; 11 g aliquots were asep tically removed 

and placed in sterile \>Var ing blender cups. The samples were 

blended with 99 ml of 0.85% 1aCl for 5 min ( 1:10 dilution) 

from which appropriate dilutions were prepared . 

Isolation procedures and media used are shown ( Table 3) 

and generally followed approved methods (2). Some addition

al information appears necessary to supplement that given 

in Table 3. APTA (APT + 0.03% NaN3 ) medium used fo r 

Streptococcus selection was prepared by adding 1 ml of 2% 

sodium azide to 99 ml of APT agar ( Difco ). Commercial-

ly prepared media do not appear to be as effective in con

taining and isolating funga l coloni es as acidified yeast nitrogen 

base agar ( YNB) (24). After steriliza tion YNB was acidified 

with 1.6 ml of 5% tartaric ac id per 100 ml of m edium (14). 

For Salmo nella, 1 ml and 0.1 ml of th e 1 :10 dilution were 

used to inoculate the lactose enrichmen t broth tubes (23). 

Growth from appropriate TSI slants was emulsified in a 

drop of saline on a glass slide and mixed with a drop of 

polyvalen t antiserum (29 ). 

Preplating trea tm ent for spore-forming aerobes and an

aerobes in cluded the asept ic transfer of a 1:10 dilution from 

each area of the ham into sterile dilution bottles immecHately 

after homogenizing and placing them in an 80 C water bath 

for 10 min. Inoculation into the appropriate media ( Table 3) 

was then accomplished. 

The liver broth and li ver agar media were prepared as de

scribed elsewh ere (9) except that the ground liver was soaked 

in 4.5 C water for 24 hr. Fo llowing autoclaving, the broth 

with the added compounds ( 10 g p~ptone and 1 g K2HP04) 

was h eated in a 100 C water bath for 45 min, adjusted to pH 

7.0 with 1 N NaOH, and filtered. Two percent agar was 

added to th e broth when this medium was needed. The 

media were used in th e study of anaerobes. 

Petri plates and culture tubes containing th e inoculated 

liver media were p laced in Trobal anaerobic jars ( Model AJ-2) 

without inverting the plates but loosening the tube caps. The 

jar was evacuated, flushed with hydrogen, and incubated 

72-96 hr at 30 C. The jar lid h eld a catalyst for activating 

formation of water. An externally a ttached oxidation-reduc

tion indicator showed the state of anaerobiosis throughout the 

incubation period. 

Plate counts were made on the incubated plates containing 

30-300 colonies and th e number present was expressed per 

gram of ham. Discrete colonies with morphology typical 

for the respective selective media were isolated for identifica

tion . Since the culture med ia APT and TGE are not selecti ve, 

representatives of all colonies that appeared different were 

selected from each p late and duplicate selections were 

isolated from serially inoculated plates from tl1e same sample. 

Isolates were streaked on non-selective media to assme pur

ity of cultures and th en transferred to brain h eart infusion 

agar, incubated 24 hr at 30 C and then stored at 4 C until 

confirm ation procedures could be conducted ( Table 3). Gram 

reactions and cell morphology were determined from 24-48 hr 

growth on brain heart infusion agar slants. Various differ

ential media were inocu lated from th e stock cultures and re

sults of differential tests were used to identify organisms as 

recommended in Bergey's Man ual (8) . 

TABLE 2. CHITEIIIA FOH SUBJECTIVE EVALUATIONS OF QUALITY 

Factor 

Conformation 1 Extremely 
poor 

Marbling' 
Devoid 

Firmness" Extremely 
soft 

Color of lean'' Extremely 
pale 

'Indicates muscling. 
2lndicates intramuscular fat. 

2 

Moderately 
poor 

Practical-
ly devoid 

Moderately 
soft 

i'vloclerately 
pale 

3Values of 4 and above are desirable. 

''Pale grayish-white to clark reel. 

3 

Slightly 
poor 

Traces 

Slightly 
soft 

Slightly 
pal e 

4 5 6 1 

Fair 
Slightly Moderately Extremely 

good good good 

Slight Small Modest Moderate 

Slightly ivloclerately 
Firm 

Extremely 

finn firm firm 

Ideal 
Sli ghtly Moderately Extremely 

clark dark clark 
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TABLE 3. ifETHODS OF !SOLATION AND !DENTlFICATION 

~licroorga nisms 

Lancefield group D 
streptococci 

Yeast and molds 

Coli forms 

Enterobacteriaceae 

Staphylococcus au'l'etts 

Salmonella 

Aerobic spore-formers 

Halophilic aerobic 
spore-formers 

Anaerobic spore
fann ers 

All microorganisms 
on fresh, cured 
and aged hams 

Isolation 
procedure 

APTA agar 

Acidified YNB 
agar 

VRB agar 

MacConkey agar 

TPEY agar 

Lactose pre
enrichment broth 

Selenite cystine 
broth 

Heated at 80 C; 
trypticase soy 

agar 

Heated at 80 C; 
tryp ticase soy 

agar + 5% aCl 

Liver agar; 
liver broth; 

incubated in 
anaerobic jar 

Colonies selected 
by morphology 
from APT and 

tryptone glucose 
agar 

'Longer incubation tim e allowed to permit recovery of cells. 
2From APHA ( 1958). 

REsuLTS AND DiscussiON 

The total number of colonies isolated at three pro

cessing times at each ham location on the two 

media, APT and TGE, are sho'A'Il in Table 4. Total 

counts per gram increased from fresh through cur

ing both on the surface and within the hams at all 

locations. The total counts decreased slightly on 

the surface after aging one month at conh·olled 

temperahue and humidity. Internal numbers de-

In cubation 
oc Hrs. 

21 72 

21 96-120 

30 481 

30 48 

2F 72 

30 481 

30 24 

21 72 

21 72 

21 72-96 

21 72 

Identification ]lrocedure 

Cell morphology & reactions ! 

in : (a) Litmus milk; (b) 
APT broth at 10 C; (c) APT 
broth at 45 C; (cl) APT broth 
at pH 9.6; (e) APT broth 
with 6.5% 1 aCl added and (f) 
milk centaining 0.1% methy
lene blue 

Cell morphology and growth 
on acid ified Y B 

Cell morphology, type of 
growth on eosin methylene 
blue ( EMB) agar and IMViC 
reactions 

Cell morphology, type of 
growth on EMB agar, growth 
in Urease medium and IMViC 
reactions 

Cell morphology, growth in 
mannitol broth, catalase and 
coagulase reactions 

Growth on brilliant green 
agar, cell morphology, growth 
in triple sugar iron agar, and 
serotyping 

H eated at 80 C for 10 min, 
cell morphology and catalase 

H eated at 80 C for 10 min, 
cell morphology and catalase 

Cell morphology, aerobic 
growth, and biochemical 
reactions 

Selective and differential 
media, cell morphology, and 
biochemical 1·eactions 

, 

creased generally after aging compared to after 

curing when grown on APT medium, but increased 

on TGE medium. The reason for the difference be

t\veen media was not discernable, but variation in 

average total counts between the two media re

sulted from the consistently higher counts obtained 

with TGE medium in replication 2. 

The bacterial numbers increased in shank in

ternal ( SI) tissue on both media. The shank tissue 

, 

\ .. 
I 

I! 
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is the most difficult area to apply sufficient salt for 
adequate preservation; the percent NaCl ranged to 
a low of 2.2 in one ham. The average moisture con
tent ( 60.1%) in shank tissue for all hams was nearly 
equal between the curing and aging periods. It ap
pears logical therefore, that this tissue would con
tain a high number of bacteria. One reason for the 
high moisture content in the shank may be because 
the hams were hung with the shank-end down. Thus, 
the water in the ham would tend to migrate toward 
the shank-end. 

The antimicrobial effects associated with the cur
ing and aging periods were apparently not suffici
ent to suppress the growth of certain microorgan
isms. The decrease in surface growth after aging 
probably resulted from a reduction in water ac
tivity. 

The most prevalent species of bacteria isolated 
was coagulase-negative S. a.ureus from TPEY (BBL) 
medium (Table 5). This species was present in ap
preciable numbers from each ham location and at 
each processing time. This species of bacteria was 

T ABLE 4. AVEHAGE AND HA 'GE OF CELL FHEQUENCY 1 ON APT AND TGE AT SEVEHAL HAM LOCATIONS 

Processin~ times 
Ham Thawed Cured Aged 

area2 !\lcdia :J Average4 Uange A verage Range Al'erage Hauge 

BS APT 2.1' ( 1-3 ) 6.5 ( 4-8 ) 3.8 ( 1-7) 
T GE 2.25 ( 1-3 ) 7.3 ( 6-8 ) 5.16 {l-8) ss APT 2.45 ( 1-4) 7.3 ( 4-8) 6.6 ( 3-8) 
TGE 2.55 ( 1-4 ) 7.5 ( 6-8 ) 7.16 {5-8) cs APT 1.95 ( 1-3) 6.4 ( 4-8) 5.1 ( 1-6) 
TGE 1.95 ( 1-3) 6.5 ( 4-8) 5.86 ( 4-8) 

BI APT 1.3 {l-2 ) 3.0 ( 1-4) 1.4 ( 1-3) 
TGE 1.3 ( 1-2) 2.9 ( 1-4) 2.6 ( 1-6) 

SI APT 2.0 ( 1-3) 3.9 {3-5) 2.7 ( 1-7) 
TGE 2.0 ( 1-3) 4.0 ( 3-5 ) 2.6 ( 1-6) 

CI APT 1.1 ( 1-2) 2.0 ( 1-3) 1.1 ( 1-2) 
TGE 1.3 ( 1-2) 2.5 (2-4) 1.7" ( 1-6) 

KI APT 1.7 ( 1-3 ) 2.2 ( 1-4 ) 1.0 ( 1) 
TGE 1.7 ( 1-3) 2.4 ( 1-4) 1.5 ( 1-6) 

SB ,~PT 1.1 ( 1-2) 2.1 ( 1-3) 1.0 (1) 
TGE l.P ( 1-2 ) 2.1 ( 1-3) 1.7" ( 1-6 ) 

'Frequency expressed as range of cells p er gram: 
1 1-299 5 = 300,000-2,900,000 
2 = 300-2900 6 = 3,000,000-29,000,000 
3 = 3000-29,000 7 = 30,000,000-290,000,000 
4 = 30,000-290,000 8 = 300,000,000 

' BS ( butt surface) , SS (sh ank surface) , CS (cushion surface), BI ( butt inte rnal ), SI ( shank internal) , CI (cushion ~nternal ), KI (knuckle internal), and SB (semitendinosus-biceps femo·ris ) . 
"Difco Laboratories, D etroit, Michigan. 
''Average of ten observations. 
''Average of eight observations. 
"Average of nine observa tions. 

lABLE 5. AvEHAGE AND RANGE OF CELL FHEQUENCY 1 ON TPEY2 AT SEVEHAL HAM LOCATIONS 

P;·ocessin g tim es 
Ham 'fha\vcd Cured Aged 
area3 .Avera ge4 Range A verage Uange Ave ra~e Uange 

BS 2.1' ( 1-3 ) 4.0 (4) 2.95 ( 1-4) 
ss 2.55 ( 1-4 ) 4.0 (4 ) 3.8 (3-4 ) 
cs 1.9 ( 1-4 ) 4.0 (4) 3.4" ( 1-4) 
BI 1.4 ( 1-2) 2.9 ( 1-4) 1.4" ( 1-3) 
SI 1:9" ( 1-3 ) 3.5 ( 1-4) 1.9 ( 1-4) 
CI 1.3 ( 1-2) 2.1 ( 1-3 ) 1.0 ( 1) 
KI 1.6 ( 1-2) 2.26 ( 1-4 ) 1.0 ( 1 ) 
SB 1.3 ( 1-2 ) 2.16 {l-4 ) 1.1 ( 1-2) 

'Frequency range of cells p er gram: 
1. = 1-299 3 = 3000-29,000 
2 ' = 300-2900 4 = 30,000-290,000 
'Baltimore Biological Labora tory, Inc., Baltimore, Maryland . 
1BS (butt surface ) , SS (shank surface) . CS (cushion surface ) , BI (butt internal ) , SI ( shank internal) , CI (cushion internal ), 
KI (knuckle internal) , and SB (semitendinosus-biceps femoris). 
'Average of ten observa tions. 
;Average of eight observatiOns. 
'Average of nine observations. 
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TABLE 6 . BIOCHEMICAL AND PHYSIOLOGICAL CHAHACTERISTICS OF GRAM POSITI VE COCCI ISOLATES 

B:ochemi cal test 

Aerobic Ana erob ic Phys iolagica l chara cteristics 

l <ienti f ication 

Control 
Staphylococcus 

aureus 
Staphylococcus 

au reus 
Staphylococcus 

epiden n idis 
M icrococous 
Streptococcus 

Glucosc1 

+ 

+ 

+ 

+ 
+ 

1lannitol 

+ 

+ 

+ 
'From Hugh and Leifson, .f . Bacteria l. 66 :24, 1953. 
+ = Positive reaction. 
- = Negative reaction. 
G = Golden. 
G\V = Golden white. 
IN = \t\lhite. 
YO = Yellowish orange. 

Glucose' 

+ 

+ 

+ 

+ 

reported present in curing brines and sliced bacon 
(13); and in cured meats (18); and in fr esh and cured 
hams (5). However, these studies ·were made on 
high moisture-low NaCl content prod u c t s . The 
scheme of classifica tion of the genus Staphylococcus 
and the genus Micrococcus is shown in Table 6 ( 4). 
A known coagulase-positive strain was used as a 
comparison for all identifying tests conducted on the 
staphylococci isolates. The genus Streptococcus was 
confirmed by determining the physiological pattern 
described in Bergey's l'•/Ianual of Determinative Bac
teriology (8 ). 

Since most of the colonies recovered from the in
ternal samples on TPEY medium were staphylococci 
as were those from APT medium (Table 7 ), the 
total number present on each medium tended to be 
nearly equal. However, there was poor agreement 
between counts on external surfaces on TPEY com
pared to both total plate count media, APT, and 
TGE. Other work has shown that TPEY may sup
press the growth of organisms other than staphylo
cocci (11 ). The reduction in number of cells per 
gram of surface sample after aging is most likely 
influenced by drying. It may be observed (Table 5 ) 
that this reduction also takes place intramuscularly 
between curing and aging, probably for the same 
reason. In addition, the increase in percentage of 
NaCl in the r educed water phase would tend to de
crease the water available to the microorganisms. 
The increase in FFA during aging (7, 17) may also 
depress bacterial growth. A study of individual 
grovvth patterns on the various selective media 
when counts were considered significant ( 30-300) 
colonies revealed the same general trend of increased 
numbers after curing followed by a growth plateau or 
a decrease after aging. 

Some groups of bacteria were isolated in very 

Mannitol 

+ 

+ 

+ 

Pigmenta tion 

G 

GW 

\V 

YO 
\\' 

Coagu lase Catalase l 

+ 

+ 

+ 

+ 

small numbers while others could not be isolated . ' 
Lancefield group D streptococci were isolated from 
the butt surface of an aged ham on APTA agar 
(APT + 0.03% aNa) plate. Also isolated from 
various media were Staphylococcus ep-iclerm:iclis, on 
APTA; and on APT medium, Micrococcus after cur
ing, Streptococcus in fresh and cured, Bacillus at each 
processing period, Escherichia. coU on fresh, Entero
ba.cte·l"iacea.e on fresh, and yeasts on fresh and cured 
(Table 7 ). The lactose pre-enrichment technique 
did not yield Salmonella under the conditions of this 
study. All cultures with an acid butt and alkaline 
slant on triple sugar iron agar were tested directly 
with polyvalent "0" Salmonella antiserum. All cul
tures were negative by this test and were tested for 
urease activity. Cultures giving a rapid positive 
urease test were considered members of the genus 
Pmteus (30 ). Yeasts and mold colonies were isolated 

TABLE 7. PERCENTAGE I NCIDENCE OF M ICROOHGANISl\•!S 

SELECTED FROM APT' l\IEDIUM2 

Processin&- t imes 

Identification Ft·esh Cured Aged 'l'otal 

I. Cocci; gram + 
Staphylococcus au-reus 5'3.33 62.07 83.33 66.13 
Staphylococcus epidermic/is 0.00 0.00 5.55 1.61 
Micrococcus 0.00 3.45 0.00 1.61 
Streptococcus 13.33 6.89 0.00 6.45 

II. Rods; gram + 
Bao'llus 6.66 24.14 11.11 16.13 

m. Rods; gram 
Escherichia coli 6.66 0.00 0.00 1.61 
Entembacteriaceae 13.33 0.00 0.00 3.22 

lV. F ungi 
Yeasts 6.66 3.45 0.00 3.22 

99.98 
--··- --

lDifco Laboratories, Detroit, Michigan. 
2Total of .'30 hams. 

~ •• I 

~~ 

' 



I 

·' ) 

; 

BACTERIAL FLORA 591 

from the acidified Yr B medium, but were not fur
ther characterized. One species of Aerobacter was 
isolated from VRBA and was probably a chance con
taminant. MacConkey's agar did not yield any 
microorganisms from the family Enterobacteriaceae. 
However, Micrococcus species and coagulase-nega
tive S. auretts grew on MacConkey's agar from cured 
and aged ham samples of the butt and shank areas 
but not until after 48 hr incubation at 30 C. It is 
well known that overgrowth may occur when incu
bation is extended beyond 24 hr at 37 C (12). 

Spore-forming anaerobes were not recovered with 
the isolation procedures used in this study. Isolates 
recovered from liver agar and liver broth were all 

characterized as facultative anaerobes and therefore 
not further identified. This result is in general 
agreement with the low incidence of anaerobic spore
forming bacteria which has been reported by several 
workers (6, 15, 28). It is possible that vegetative 
forms of anaerobes were present in the fresh hams; 
however, no attempt was made to determine vegeta
tive anaerobic growth since it was thought unlikely 
that they would survive the high 1 aCl content, re
duced moisture, and the presence of nitrate during 
curing and aging. 

Thus, under the conditions of this study, only 
Staphylococcus and Bacilltt.s could be considered to 
have numbers large enough to produce significant 
change in the product. Species of these two genera 
grew in Trypticase Soy Broth plus NaCl after the 
·pasteurization treatment ( 80 C for 10 min). There
fore, the combined effect of heat and aCl did not 
render either genus incapable of growth . Subse
quent monitoring of aliquots of the 1:10 dilution ham 
homogenate for 20 min at 80 C showed reduction of 
staphylococci but not complete growth inhibition. 
The final temperature of the homogenate was 77 C. 
The meat particles present apparently gave some pro
tection to the bacteria during heating. A 10 ml 
sample of the 1:10 dilution of the homogenate placed 
in an 84 C water bath required 2.5 min to reach 
80 C and this temperature could be maintained in 
the homogenate for the additional10 min. No staphy
lococci were recovered after this treatment. Vari
ation in heat resistance by staphylococci has been 
reported by several workers (20, 26) and a species 
of Streptococcus isolated from semi-perishable ham 
was able to withs tand 40 min at 65.5 C. 

Baci.lltts is considered to be the most common 
genus of conventionally processed meats because of 
it.s wide dish·ibution and resistance to thermal pro
c~ssing (25). The low numbers of Bacillus present 
in the hams from this study is probably not typical 
in the commercial production of CS hams because 
spores tend to increase with large scale production. 

/' 

It is significant that these hams did not contain 
coagulase-positive S. auretts, particularly since the 
majority of food poisoning in meat comes from ham 
containing this species of bacteria (22) . Thus, t h e 
occurrence of staphylococcal food poisoning must 
result from contamination during packaging, prep
aration, and storage. 

The good hygenic condition of this product is evi
denced by the presence of only one E. coli and one 
Aerobacter, chance contaminants, and the failure to 
detect Salmonella. It must be realized, however , 
that the hams represented in this experiment were 
frozen and stored and that the sanitation was superior 
to that usually attainable in commercial establish
ments. It should also b e noted, however, that these 
hams were placed directly at·· aging temperatures 
(about 34.5 C ) after smoking without permitting the 
curing ingredients to equalize throughout the tissues. 
Thus, it would appear that microbial growth condi
tions were superior to those attained in usual com
mercial practice. 

Since the ultimate judgment concerning the value 
of any food product lies with the consumer, it is im
perative to relate all factors to the quality of the 
product. Individual sample measurements of the 
quality factors marbling, firmness , and color were 
not related to differences in number of microorgan
isms of the predominating genera or total number of 
microorganisms at any of the sampling times. ·while 
the quality factors evaluated here were not influenced 
by the number and kind of microorganisms present 
in this study, flavor may have been affected. A more 
complete discussion of the quality factors is pre
sented in a subsequent paper . 
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A NEW TEST TO DETECT LEAD POISONING IN CHILDREN-A 
SERIOUS ENVIRONMENTAL PROBLEM IN THE INNER CITY1 
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ADSTRACT 

Lead poisoning among children is a serious environmental 
and public health problem, especially in the inner city. Some 

children eat paint chips containing lead and thus become 
poisoned. A rapid screening test based on urinary delta
aminolevulinic acid and using a dipstick to collect samples 
was devised so that the mother could take the sample herself. 

The dipstick is composed of a piece of ion exchange paper 
stapled to a plastic handle. The research leading to the de
velopment of this test is discussed relative to overall environ

Ill en tal problems. 

Problems of the environment, of pollution, and of 
ecology are gigantic in magnitude. These problems 
are so encompassing and concern so many of us that 
a personal commitment is needed to help solve them. 
Even as small a thing as picking up a piece of scrap 
paper blowing around is a start. We all work in dif
ferent ways and there is no question that each of us 
can and should contribute in some way to the over
all solution of the environmental problems of today. 

To cite an example, I will relate how four of us 
worked towards solving a very serious environmen
tal and public health problem. We are all in science 
and this is where we made our contribution. Of 
course, this is not the end for any of us. Hope
fully, we also will contribute to helping solve ecologi
cal problems in our individual capacities as laymen 
and responsible citizens, as well as within our capa
bilities as scientists. 

\iVorking on the research I shall describe were 
Drs . William Ullmann and Joseph Kornfeld of the 
Laboratory Division of the Connecticut State De
partment of Health in Hartford and Dr. Kenneth 
Hanson and myself of the Connecticut Agricultural 
Experiment Station at New Haven. Incidentally, 
this research is a good example of how two state 
agencies cooperated · to help solve an environmental 
problem. 

The problem is lead poisoning among children 
which is a very serious environmental and public 
health problem; especially important in the inner 

'Presented at the mid-winter meeting .of the Connecticl,lt Asc 

sociation of Dairy and Food Sanitarians, January 20, 1971, 
Hartford, Connecticut · 

city. Lead poisoning is, in a sense, a man-made 
disease. Man manufactured the paint containing 
lead and man used it both on the inside and outside 
of his home. Now after many years and many paint
ings, the lead paint, even though now covered with 
non-lead paint, can peel and chip off the walls, 
plaster, and woodwork. Some children pick up 
these chips of paint and eat them. Thus, they be
come poisoned by the lead. The eating of non
food items is called pica, but not all children in
dulge in this practice. High risk areas for lead 
poisoning are in the inner city where older housing 
is prevalent. 

Lead poisoning is the third most important threat 
to children preceded only by auto accidents and the 
h·auma of bi1th itself. Victims are usually bet\veen 
the ages of 1 and 6 years and unless lead intoxica
tion is detected at an early stage, nausea, neurologi
cal disorders, mental retardation, and even death 
can result. The problem is to find the potential 
victims of lead intoxication and treat them before 
they become permanently impaired. 

Fortunately, laboratory tests can detect lead pois
oning before clinical symptoms are evident. It is im
portant, therefore, to screen large numbers of chil
dren in order to find potential victims and to test 
them frequently. Children in high risk areas who 
have pica are in constant danger because of the pos
sible presence of paint chips, both interior and ex
terior, and an initial negative laboratory test does 
not guarantee that the child may not be poisoned 
later on. It is precisely for this reason that detec
tion methods should be easy to apply and be used as 
early and as frequently as possible. 

LABORATORY TESTS 

Two laboratory tes ts have been used to detect po
tential victims of lead poisoning, though neither was 
ideal for a mass screening program. One is the di
rect determination of lead in the blood and the 
other is the determination of delta-aminolevulinic 
acid in urine. Determination of lead in blood · re
quires 5 to 10 m1 of blood which rimst be taken by ·: 
venipuncture. The sample must be taken by a· phy- ·· 
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sicwn or highly train ed technician and frequently a 
second person is needed to quiet or reassure the 
child. For such reasons as use of scarce medical 
personnel to collect samples, the obvious disadavant
age of drawing blood, and the limit on the numbers of 
sampl es which can be t :'sted, use of blood in a mass 
screening program is not feasible. 

A second test in use when ""e started our re
search was determination of delta-aminolevulinic acid . 
(ALA ) in urine. This test is b ased on the fact that 
ingested lead interferes with hemoglobin synthesis 
in which an enzyme, delta-aminolevulinate dehy
drasase, is important. This enzyme converts ALA 
to the next material in the blood-making sequence 
and lead reduces activity of this essential enzyme. 
Conversion of ALA is hindered and thus, the ALA, 
with no place to go, begins to pile up and is ex
creted in abnormal amounts in the urine. The labora
tory tes t previously used is called the column tes t. 
This method for determination of ALA requires col
lection of urine in bottles and sending or carrying 
them to the tes ting laboratory. There was the ever
present problem that ALA would deteriorate in 
transit. The collection and transport system involv
ing b ott! es of urine was both clumsy and unwieldy. 
Further, the laboratory tes t required us~ of an ion 
exchange resin column and this cumbersome meth
od severely limited the number of samples which 
could be processed in a day. In late 1969, the Con
necticut State Department of H ealth started a pro
gram to test the urine of children for ALA by the 
column method. It was soon clear that a major gap 
existed b etween th ~ number of children who should 
be tested for lead poisoning and the number that 
were examined. One estimate is that only about 
one-tenth of Connecticut children in high risk areas 
had been tes ted even once. 

NEED FoR 1 Ew T EsT 

It was clear to us that the sample collection and 
testing systems then used were not ideal for a mass 
screening program. The sys tems did not provide 
a means to tes t large numbers of children on a 
continuing basis. \1Ve felt that a mass screening 
test should meet the following criteria: (a) sample 
may be taken by an untrained person, (b) sampling 
should cause no pain or trauma to the patient, (c) 
sample must not be subject to deterioration, (d) meth
od must not generate false negatives, and (e) labora
toi:y and . collection procedures must be so simple 
that frequent re tes ting is feasible. 

Based on these criteria we agreed that an adapta
tion of the tes t for ALA in urine offered the most 
hope for success in findin g and developing a good 

mass screening test to detect potential victims of 
lead poisoning. I 

THE NEW T EST 

Let me describe briefly what we developed (1 , 2). 
It is a simple device called a dipstick and is a 6 X 4 
em piece of ion exchange paper (sulfonic acid cation 
exchange, Na form ) staple~l to a plastic handle. It 
is somewhat similar in construction to the familiar 
stick used to detect diabetes. The assembled dip
stick is wrapped in a piece of aluminum foil and 
placed, tog -ther with instructions for use, in a mail
ing envelope. In use, the dipstick is first unwrapped 
from the foil. The mother has the child urinate into 
a cup, the paper part of the dipstick is then com
pletely immersed into the urine, qmckly withdrawn, 
and placed on the foil to dry. Two hours is sufficient. 
After drying the dipstkk is rewrapped in the foil and 
mailed to the testing laboratory. T?e ion exchangJ 
paper binds the ALA and thus it is no long"'r subject 
to deterioration during transit. . 

In the laboratory, the ion exchange paper is cut 
from the holder. The paper is then placed in a tube 
with buffer solution and the ALA, if present, is wash
eel by g "ntle shaking from the paper and goes into 
the buffer. The solution containing the ALA is treat
ed with a chemical which forms a colored compound 
with ALA and the color is measured in a spectophoto
meter. Standards are tested concurrently. Results 
are reported to the physician or clinic, not to the 
parent. 

Before dipsticks were sent out fot trial, they were 
subjected to many tests in the laboratory. Each test 
was compared to the longer colurr'm test for ALA. 
Our data indicated that the dipsticks were as good 
as the column test for quantitatively determining the 
amount of ALA in the urine. In addition, by elimin
ating the need of a column we were able to shorten 
the laboratory time so that many moi'e samples could 
be examined per day. 

THE FIELD T EST 

Satisfied that the dipsticks worked \~rell in the lab
oratory, we embarked on a field test. During the 
summer of 1970 volunteers of the An1erican Friends 
Service Committee came to Hartford to work in the 
inner city. They were directed by Mr. i\1Iahlon Hale, 
a second year medical student who ha~ arranged for 
them to come to Hartford. Their project was to go 
into the inner city and collect bottles of urine from 
children and have them examined for ALA in order 
to find potential victims of lead poisoning. We asked 
these volunteers, all between 16 and 18 years of age, 
to use a dipstick on the same sample \vhen they col-
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lected a bottle of urine. They agreed, and in this 
way we obtained excellent data correlating the tvvo 
tests for ALA. The field tes ts substantiated the lab
oratory findings. 

In late 1970, the State Health D epartment decided 
to abandon the use of the column method which re
quired collection of urine in bottles and use the dip
stick test. They are now preparing 60,000 dipsticks 
for distribution . These will be distributed to public 
health officials throughout the State of Connecticut 
who, in turn , will see that other groups such as visit
ing nurses, neighborhood groups, and others concern
ed with lead poisoning get them. In this way, they 
will eventually get to the mother so that she can col
lect the sample from her own child. Most mothers 
are able to do this and, in fact, we have even found 
4-year olds who are able to use the dipsticks ade
quately. 

An additional use for the test also has been sug
gested. That is, after a child is examined and if 
found to be poisoned, then a housing inspector visits 
the home to ascertain the condition relative to this 
environmental problem. In this way he can make 
recommendations if he finds flaking and peeling paint. 
I am told that there are insufficient housing inspect
ors to examine all homes which might have flaking 

paint. By use of diptick test results they can visit 
homes where children have been exposed and thus 
spend their inspection time more fruitfully. 

What I have tried to do, through the example of 
the dipstick test, is to indicate how four of us worked 
tog:: ther to help solve an environmental problem. I 
do not claim that lead poisoning is the most serious 
environmental problem, although it is very serious. 
However, my colleagues and I can only help with 
environmental problems where we feel we are quali
fied to make a contribution. All of us should think 
of some way where we can contribute. As profes
sionals, I urge all of you to start now. For, if you 
do not participate in the solution to these environ
mental problems, then you become part of the prob
lem itself. 
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HIGH TEMPERATURE STORAGE AND 
MILK KEEPING QUALITY 

The long shelf . life of milk is remarkable, when one con
siclers that milk i ~ perishable food and that addition of pre
serva tives is prohibited by law. To keep milk at peak flavor, 
texture and appearance, however, consumers would do well 
to give it proper care in the hom e by keeping it refri gerated 
at 40 F or lower. 
· Even the treatment milk receives from the tim e it is pur

chased until plaqed in a home refri gerator can affect its 
quality. For exaj11ple, it is not uncommon for shoppers to 
have milk and other dairy foods in their automobiles for a 
suffi cient time to affect product freshness and palatability. 

A recent study ,conducted at th e University of Florida Dairy 
Science Department, by Dr. C. Bronson Lane and Dr. Ken L. 
Smith, shows the effects of brief high-temperature storage con
ditions on milk keeping quality. 

The scientists first placed recording thermometers in cars 
parked in direct autumn sunlight. Maximum temperatures 
recorded over a 24 hr time spa n were well above 120 F. 
Similar temperature checks on home refrigerators showed a 
minimum of 38 F with highs of 50 F (which is substantiall y 
higher than th e 40 F recommended for milk storage). 

Ten half-gallons of whole milk were purchased from sup
ennarkets and convenience stores in the Cainesville area . 
Samples represented two half ga llons each of five Florida 
brands. 

Standard Plate Counts and Psychrotrophic Plate Counts were 
defrermined on all ten samples within an hour after they were 
brought into the laborato ry. 

The two milk sami)les from each plant were split-one was 
stored at 40 F immediately, as a control sampl e, and the 
other was divided and incubated at 120 F for 30, 60; and 120 

min. (This incubation procedure was followed to simulate 
conditions the milk might be subjected to by a consum er 
who purchases the product and subsequently places it in a 
hot car for brief periods of time whi le continuing to shop. ) 
The incuba ted samples were then refrigerated at 40 F. 

Standard Plate Counts and psychrotrophic counts were 
obtained for both the incubated and control samples after 1, 
4, 8, and 14 days storage. In addition, a panel of trained 
dairy product judges tasted both th e controlled and heat 
exposed samples on th e first, 7th, and 14th days. 

Results from this preliminary experim ent showed that in 
every instance bacterial numbers were higher in the samples 
exposed to "hot car" temperatures. 

Even a h alf hour exposure to the 120 F temperature caused 
a measurable increase in the Standard Plate and psychrotro
phic counts when compared to the control. Using a ranking 
test, judges were able to detect differences in taste between 
controlled and incubated samples after only one clay of 
storage. 

As the exposure time of 120 F temperature went up, taste 
deterioration in th e incubated samples became more pro
nounced. 

Dr. Lane and Dr. Smith point out that the shelf life of 
milk also depends on th e number of organisms originally in 
th e milk, and the handling procedures for the product at the 
retail level prior to purchase. However, they concluded, con
sumers can help sign ificantly in pro tecting milk quality and 
retarding off-flavor development by minimizing or eTiminating 
its storage in hot cars and properly .refri gerating it at 40 F •..- r 
lower in tl1e home. 
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ABSTRACT 

Clostridium j1erfri.ngens type A food poisoning is caused by 
ingestion of food contaminated with large numbers of C. 
perf"rin.gens cells. The cells multiply and sporulate in the 
intes tine and produce an enterotoxin in situ. The entero
toxin is released upon cell lysis and causes increased capillary 
permeability, vasodilation , and excess fluid movement into 
the intes tinal lumen resulting in diarrhea. 

Purified C. pe1jringens enterotoxin has a UV absorption 
spectrum characteristic for proteins, and is essentially free 
of nucleic acids, lipids, and reducing sugars. Its apparent 
molecular weight is 36,000 ± 4,000, its Stokes radius 2.6 
nm , and its isoelectric point pH 4.3. Its specific toxicity is 
about 2,000 mouse MLD/ mg N. 

CLOSTRIDIUM P ERFRI GENS TYPE A ENTERITIS 

Food poisoning by Clostridium perfringens type A 
is characterized by diarrhea and abdominal pain, and 
results from ingestion of food contaminated with large 
numbers of C. pe1jringens cells (21 , 30). The enteric 
disease was reproduced in humans who had volun
teered to ingest vegetative C. perf1·ingens cells, free 
of the spent culture media (3, 19 ). On the other 
hand, culture supernatant fluids had no effect in 
humans (3, 22). 

Experimental diarrhea also was produced in lambs 
(14) and rabbits (7) by administering into the small 
intestines live vegetative cells of C. perfr·ingens, sus
pended in fresh medium. As will be described be
low, it is extremely important that in experiments de
signed to imitate food poisoning in humans, the C. 
perf1"ingens cells ,are administered in the vegetative 
state. 

A localized response can b e obtained in lambs or 
rabbits by ligating the small intestine into segments, 
generally referred to as loops, injecting the loops with 
suspensions of vegetative C. perfringens cells in nu
trient medium, and allowing the cells to grow for 
about 6 hr in the live animal (9, 15). During this 
period, the bacteria multiply, sporulate, and cause 
excess movement of fluid from the blood stream into 
the intestinal lumen (9, 18). As a result, the loops 
distend and take on a sausage-like appearance. Gas 
produced during growth of C. perfringens in the 

'Presented at the 7 lst Annual Meeting 'of · 't11e American· 
Society for Microbiology, Minn eapolis, Minn. ; M ay 2:7, 1971.· 

intestine contributes to the loop distention, but it 
does not appear to be a causative factor in the ac
cumulation of fluid (16, 17). 

The loop distention resulting from excess fluid 
movement into the intestinal lumen is comparable to 
diarrhea, but the response of the animal is localized, 
and the normal removal of fluid is physically blocked. 
As in the production of diarrhea, a combination of 
live C. pe1j1'inge11S cells and nutrients also is required 
to cause loop distention; cells suspended in 0.85% 
NaCl, and nutrient medium without cells have n~ 
effect (15). 

The ligated intestinal loop technique has been 
used extensively as a convenient model to study C. 
pe1jringens food poisoning. The suitability of the loop 
technique for this purpose has been demonstrated 
(6, 7, 15, 17), most convincingly in recent publications 
of Duncan et al. (8, 19) who correlated the ability of 
C. pe·1jringens sh·ains to cause loop distention in 
rabbits with the ability of the same strains to cause 
diarrhea in rhesus monkeys and human volunteers. 

PRODUCTION OF C. P E RFRINGENS E TEROTOXIN 11 - VITRO 

The inability of vegetative C. perfringens cells to 
cause loop distention or diarrhea in the absence of 
nutrient medium indicates that the causative factor 
in C. perfringens enteritis is not a component of the 
vegetative cells, but that it is produced in v i·w . 
In an attempt to produce the causative factor in 
v itro, Duncan and Sh·ong (6) prepared supernatant 
fluids and cell extracts from sporulated cultures of 
C. perfringens (5). \,Yith both preparations they suc
ceeded in producing loop distention and diarrhea in 
rabbits. Similar results were obtained with lambs 
(16, 17). For reasons to be explained below, the 
causative agent has been termed "C. perfringens en
terotoxin". In young, sporulated cultures of C. 
perf'ringens, the enterotoxin is located exclusively in 
the cells (16, 17). It can be exh·acted from the cells 
by sonic lysis and be recovered in the soluble phase 
by centrifugation of the sonicate. The exh·acted and 
washed sediment containing cell debris, whole spores, 
and, usuall~, a few unbroken cells, is virtually free 
of enterotoxm. It appears, therefore, that the toxin is 
a component of the cytoplasm of the sporulated cell. 

The production of enterotoxin by sporulating cells 
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suggested a possible relationship between sporulation 
and toxinogenesis (6). This suggestion was supported 
by a direct correlation between the amount of entero
toxin produced by three individual strains of C. 
perfringe1lS, and the degree of sporulation (16, 17). 
Duncan (Annual Meeting of the American Society for 
Microbiology, Minneapol-is, 1971 ) recently reported 
that, in contrast to the parent wild type strains, non
sporing mutants of C. pe·rfT'ingens type A lost the 
ability to produce enterotoxin. However, this ability 
was regained by mutants that reverted to sporulating 
forms. 

Clostridium perfringens enterotoxin induces ery
thema without necrosis in the skins of guinea pigs 
and rabbits (11). This reaction is distinctly different 
from the skin reactions to all of the other known 
toxins of C. perfTingens (29). The skin reaction is 
now being used for quantitative assay of the entero
toxin . The skin test is rapid, accurate, and about 
1,000 times as sensitive as the ligated intestinal loop 
tes t (11). 

A 1TISERUM AGAINST C . PERF RINGE S ENTEROTOXIN 

Antisera prepared in rabbits against crude extracts 
from sporulated cells of C. perfringens completely 
neuh·alized the enterotoxin in v itro (16). These sera 
could be converted to enterotoxin-specific antisera b y 
absorption with cell extracts of either a nonsporulat
ing strain of C. perfringens or, preferably, of the 
homologous sh·ain grown in a medium in which all 
of the cells remained vegetative. Specificity of the 
absorbed antisera was indicated by the production of 
a single major precipitin band in agar gel immuno
diffusion against crude extracts from sporulated cells 
(18, 25). 

Although C. perf'r-ingens enterotoxin was complete
ly neutralized with antiserum in vitro, it appears that 
circulating antibody bas little or no neutralizing effect 
on the enterotoxin in the intestinal lumen. Niilo et 
al. (25) reported that the enterotoxin caused essential
ly the same loop distention in lambs tl1at had been 
immunized against the toxin as it did in nonimmuniz
ed control animals . Similar results (Hauschild, un

published data) were obtained with rabbits, although 
the total amount of toxin administered per rabbit 
(about 300 erythema 'units) could b e neutralized ·in 
v itro with 2-4 ml of blood serum from the immunized 
animals. On the other hand, large doses of entero
toxin ( 900 erythema units / rabbit ) administered into 
li&ated intestinal loops killed most of the conh·ol ani
mals witl1in 3-5 hr while the immunized animals 
survived. This indicates that, upon entering the 
blood stream, the toxin is neutralized by circulating 
antibody. Intravenous injection of the toxin has been 

shown to be lethal to several animal species (12, 24) . 

IDENTITY OF C. PERFRINGENS ENTEROTOXIN$ PRODUCED 

IN VITRO AND IN VIVO 

·when ligated intestinal loops of lambs are injected 
with enterotoxin-free, vegetative cells of C. perfring
ens in nuh·ient medium, the subsequent events in tile 
loops, i. e., multiplication and sporulation of the cells 
and fluid accumulation, are associated with the 
production of an erythemal factor (18). This factor 
was recently recovered both from supernatant fluids 
of the loop contents and from the C. perfringens 
cells in the sediments. The identity of the erythemal 
factor with the in vitro-produced enterotoxin was 
demonstrated by immunodiffusion. A single con
tinuous precipitin line was obtained with both the 
in vitro and in vivo preparations against the entero
toxin-specific antiserum (18). 

CHARACTERISTICS OF C. PERFRINGENS ENTEROTOXIN 

The induction of diarrhea, loop distention, and of 
erythema by the enterotoxin, and its lethality and 
antigenicity have been dealt with above. The toxin 
also is sensitive to heat (6) and to some proteolytic 
enzymes, i.e., pronase (6) and Bacillus subt-ilis protease 
(12), but not to h·ypsin, chymoh·ypsin, or papain (6, 
12). 

The toxin was recently purified by a combination of 
gel and ion exchange chromatography (12). The 
purified toxin vvas essentially free of nucleic acids, 
fatty acids, lipid phosphorus, and reducing sugars, 
and had a UV absorption spectrum with a maximum 
at 278-280 nm and a minimum at 250 nm which is 
characteristic for proteins. It appears, therefore, that 
we are dealing with a protein. 

The apparent molecular weight of the enterotoxin , 
calculated from its Kav value on Sephadex G-100, 
was 36,000 -t- 4,000; its Stokes radius was 2.6 nm. !so
electric focusing of the toxin resulted in a single peak 
with erythemal activity, and showed a relatively low 
isoelech·ic point of pH 4.3. The specific toxicity of 
the purified toxin in mice was 2000 MLD/mg N (12) . 

Little is known about the mode of action of C. 
perfringens enterotoxin ·in v ivo. Niilo (24) found 
that the erythemal response of guinea pigs to intra
dermal injection of the toxin (11) was preceded by 
an increase in the permeability of the blood capil
laries around the injection site, and has suggested 
the following sequence of changes in the intestine 
that would lead to fluid accumulation and diarrhea: 
increased capillary permeability, increased vasodila
tion, and increased intestinal motility. 

The actions of the enterotoxin are relatively fast . 
The permeability increase in the blood capillaries 
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of the guinea pig skin became apparent within 15-
20 min after injection of the toxin (24). Mice (12) 

and guinea pigs (24) could be killed within the same 

period by intravenous injection of the toxin . After 

90 min, the fluid volumes of ligated intestinal loops 

in rabbits were significantly larger than the fluid 

volumes of the control loops (13). 

ROLE OF THE ENTEROTOXIN IN C. PERFRil\'GENS TYPE 

A ENTERITIS 

The role of the enterotoxin in enteritis was tested by 

the following experimental sequence: (a) induction 

of loop distention in lambs by injection of entero

toxin-free vegetative cells of C. perfringens in nu

trient medium; (b) preparation of supernatant fluids 

from the loop contents, and of extracts from the loop 

sediments, both of which contained enterotoxin; and 

(c) treatment of these preparations either with normal 

rabbit serum (controls) or with enterotoxin-specific 

rabbit antiserum, and transfer of the toxin-serum 

mixtures to new ligated intes tinal loops of lambs . 

The preparations containing normal rabbit serum 

again caused significant accumulation of fluid in 

the recipient loops. However, treatment with the 

antiserum completely neutralized their enterotoxic 

actions, as well as their erythemal activities. These 

experiments leave little doubt that the in vivo-pro

duced enterotoxin is significantly involved in entero

pathogenicity. 
The action of C. perf'ringens enterotoxin was recent

ly confirmed in primates. Duncan and Strong (8) 

induced emesis and diarrhea in rhesus monkeys by 

administering either cells or supernatant fluids from 

sporulated C . pe1jringens cultures into the stomachs 

of these animals. The sh·ains of C. perfringens cap

able of inducing the gastrointestinal responses had 

also been found to induce loop distention in rabbits. 

Sh·ong et al. (29) obtained similar results in human 

volunteers. Emesis and diarrhea were recently also 

induced in cynomolgus monkeys by administering 

purified preparations of the enterotoxin by the same 

route (20). On the other hand, no responses were 

obtained in monkeys when the preparations were 

first neuh·alized in vitro with enterotoxin-specific 

antiserum (20). 

Since emesis occurs very rarely in human food poi

sonings caused by C. perfringens type A (2), the in

duction of emesis by the enterotoxin might appear to 

contradict the postulated role of the toxin in the 

enteric disease. However, we have to consider that 

human food poisoning is caused by live cells of C. 

perf1·ingens that produce the enterotoxin in v ·ivo, 

rather tl1an by ingestion of a preformed toxin. In 

the natural disease, therefore, the toxin is unlikely 

to come into contact with the stomach. 

The need to use enterotoxin-free, vegetative cells 

in the experimental production of C. perfringens 

type A enteritis is now apparent. Unforhmately, in 

routine investigations of foods incriminated in food 

poisoning outbreaks caused by C . perfringens, tl1e 

state of the bacterial cells has usually been over

looked. H owever, direct staining of smears of in

criminated foods , and heat sensitivity tests of the mi

croorganisms in such foods (B. C. H obbs, personal 

communication) have indicated that the C . perfring

ens cells responsible for food poisonings existed in 

the vegetative state. Barbecued chicken has been 

infected with C. perfl"ingens and subsequently incu

bated by the author (Ha:uschild, unpublished data) 

who detected neither spores nor enterotoxin until 

after 24 hr when the meat was no longer palatable. 

It would be desirable to take note of tl1e state of the 

C. perf'l"ingens cells in fuh1re investigations of food 

poisoning outbreaks. 

S EQUENCE OF EVENTS LEADING TO C. PERFRINGENS 

FOOD POISONING 

The foregoing discussions suggest the following 

sequence: (a) ingestion of food contaminated with 

large numbers of vegetative C. perfringens cells; (b) 

multiplication and sporulation of C . perfringens in 

the small intestine; (c) production of enterotoxin as

sociated with sporulation and release of the toxin by 

cell lysis; (cl) increased capillary permeability and 

vasodilation in the intestine, and p ossibly, increased 

intestinal motility; and (e) excess fluid accumulation 

in the intestinal lumen resulting in diarrhea. 

NOMENCLATURE 

In a recent publication, the term "C. perfringens 

enterotoxin" has been proposed to characterize the 

erythemal toxin of C. perfringens . However, it must 

be emphasized that this enterotoxin differs in two 

important aspects from staphylococcal enterotoxins : 

(a) in human food p oisonings it is produced in vivo, 

whereas staphylococcal enterotoxins are preformed 

in the food; and (b) it acts directly upon the intes tine 

as shown by the localized loop responses, whereas the 

action of the staphylococcal entertoxins is mediated 

by the central nervous sys tem (1, 30). In view of 

these differences, a brief discussion of the new term 

is warranted . 

On tl1e whole, definitions of the term "enterotoxin'' 

are ambiguous, but most of them are in accord with 

the characteristics of C . perfringens enterotoxin . A 

few examples are: "a cytotoxin specific for the cells 

of the mucous membrane of the intestine" (Stedman's 

Medical Dict·ionary, 21st eel. , 1966 ); "a toxin arising 

in tl1e intestine" (D orland's Illt.tstrated Medical Die-

, 
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tionary, 24th eel., 1965); "a toxic substance produced 

by microorganisms that is responsible for the gas
trointes tinal symptoms of some forms of food poison
ing" (Webster's 3rd New 1ntenwt·ional Dictionary, 
1968). 

The enterotoxin of C. perfringens has t\vo important 
characteristics in common with the enterotoxins of 

Vibrio cholerae ( 4, 26), Escherichia coli (10, 27), and 
Shigella clysenteriae (23): they are all produced in 
vivo, and all have similar gross actions in ligated 
intestinal loops. The enterotoxins of both V. chol
em e and C. perfringens are heat-labile, are desh·oyed 

by pronase but not by trypsin, and are essentially 
free of reducing sugars and lipids ( 4, 26). 
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3-A SANITARY STANDARDS FOR 
STAINLESS STEEL AUTOMOTIVE MILK AND MILK 

PRODUCTS TRANSPORTATION TANKS FOR BULK 
DELIVERY AND/OR FARM PICK-UP SERVICE 

Serial #0511 

F onnulated by 
International Association of M-ilk, Food and Environmental Sanita1'ians 

United States Public Health Service 
The Dairy Industry Committee 

It is the purpose of the IAMFES, USPHS, and DIC in connection with the development of the 3-A Sani
tary Standards program to allow and encourage full freedom for inventive genius or new developments. 
i\IIilk h·ansportation tank specifications heretofore and hereafter developed which so differ in design, rna· 
terial, fabrication, or otherwise as not to conform with the following standards, but which, in the fabricator's 
opinion are equivalent or better, may be submitted for the joint consideration of the IAMFES, USPHS, 
and DIC at any time. 

A. 

A.1 

SCOPE 

These standards cover the sanitary aspects of 
transportation tanks for milk and fluid milk prod
ucts. 

A.2 

B. 

8.1 

In order to conform with these 3-A Sanitary Stand
ards, transportation tanks shall comply with the 
following design, material and fabrication criteria. 

DEFINITIONS 

Bulle Milk Transportat·ion Tank: Shall mean an 
over-the-road h·uck or trailer tank used to trans
port milk and milk products . It may have more 
than one compartment. 

8.2 
A Farm Pick-Up or Multiple Pick-Up and Delivery 
Tank: Shall mean a bulk milk transportation tank 
as defined above with milk h·ansfer attachments 
and facilities, including a pump and/or hose cab
inet, as specified herein . 

8 .3 

Product: Shall mean the milk or fluid milk product 
transported in the tank. 

8.4 

Surfaces: 

8.4.1 

Product Contact Surfaces: Shall mean all surfaces 
which are exposed to the product and surfaces 

from which liquids may drain, 
into the product. 

, 
drop or be drawn 

8.4.2 

Non-Product Contact Swjaces: Shall mean all 
other exposed surfaces. 

8.5 

Mille Outlet : Shall mean the opening in the lining 
of a tank or a compartment and the outlet passage 
for milk to the exterior of the tank or compart
ment. The outlet passage starts at the opening 
in the lining and terminates at the connection for 
the outlet valve. 

8.6 

8.7 

Pump and/ or Hose Cabinet: Shall mean a cabinet 
on a farm pick-up or multiple pickup and delivery 
tank used to house the pump and/ or h·ansfer hose 
and may also house a compartment for product 
sample h·ays and samples. 

Deck Plate : Shall mean the manhole dust cover 
seat or that part of the outer jacket on which the 
cover rests. 

a.a 

c. 

C.1 

Mechanical Cleaning or Mechanically Cleaning: 
Shall denote cleaning, solely by circulation and/ or 
flowing chemical detergent solutions and water 
rinses onto and over the surfaces to be cleaned, 
by mechanical means. 

MATERIALS 

Product Contact Surfaces: 

C.1 .1 

All product contact surfaces shall be of stainless 

t· 
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steel of the AISI 300 series' or corresponding ACP 
types (See Appendix, Section E.) or stainless steel 
that is non-toxic and non-absorbent and which 
under conditions of intended use is equally cor
rosion resistant as stainless steel of the AISI 300 
series' or corresponding ACP types, except that: 

C.1.2 

Rubber and rubber-like materials may be used for 
flexible product b·ansfer tubing, gaskets, seals and 
parts used in similar applications. These materials 
shall comply with the applicable provisions of the 
"3-A Sanitary Standards for Multiple-Use Rubber 
and Rubber-Like Materials Used as Product Con
tact Surfaces in Dairy Equipment, Serial #1800," 
as amended. 

C.1.3 

Plastic materials may be used for flexible product 
h·ansfer h1bing, bearing, gaskets, seals and parts 
used in similar applications. These materials shall 
comply with the applicable provisions of the "3-A 
Sanitary Standards for Multiple-Use Plastic Ma
terials Used as Product Contact Surfaces for Dairy 
Equipment, Serial #2000," as amended. 

C.1.4 

Where functional properties are required for speci
fic applications, such as agitator bearing surfaces 
and rotary seals, where dissimilar materials are 
necessary, carbon, and/or ceramics may be used. 
Ceramic materials shall be inert, non-porous, non
toxic, non-absorbent, insoluble, resistant to scratch
ing, scoring, and distortion by the temperahue, 
chemicals, and methods to which th"'y are normal
ly subjected in operation, or cleaning and bac
tericidal h eahnent. 

C.2 

The gauge of material for the lining shall be not 
less than the following: 

16 U.S. Standard Gauge for tanks of capacities 
of 1,000 gallons or less, 
14 U.S. Standard Gauge for tanks of capacities 
of over 1,000 gallons and not exceeding 2,000 
gallons, 
12 U.S . Standaxd Gauge for tanks of over 2,000 
gallons capacity, 

except that lighter gauges of material shall be per
mitted if they are so supported that they will have 
equal resistance to denting, buckling and sagging, 

'The data for this series are contained in the following ref
erence: AISI Steel Products Manual, Stainless & Heat Resist
ind Steels, April 1963, Table 2-1, pp. 16-17. Available from: 
American Iron & Steel Institute, 633 3rd Avenue, lew York, 
N. Y. 10017. 
2Alloy Casting Inst itute, 300 Madison Avenue, New York, 
N. Y. 10017. 

as provided by the tlu-ee gauges specified above 
for the respective sizes of tanks. 

C.3 

Non-Pmduct Contact Surfaces: 
C.3.1 

All non-product contact surfaces shall be of water
proof, corrosion-resistant material or waterproof 
material that is rendered corrosion-resistant. If 
coated, the coating used shall adhere. 

C.3.2 

All non-product contact surfaces shall b e relatively 
non-absorbent, durable and cleanable. Parts re
movable for cleaning having both product contact 
and non-product contact surfaces shall not be 
painted. 

C.4 
Pump ancl!o1· Hose Cabinet: 

C.4.1 

The lining of the pump and/or hose cabinet shall 
be stainless steel or equally corrosion-resistant 
durable material. 

C.4.2 

Gasket material for pump and/ or hose cabinet 
doors shall be smooth, easily cleanable, non-absorb
ent and without crevices in the body. 

C.4.3 

D. 

D.l 

Sample b·ays and sample comparhnents furnished 
by the tank manufacturers that will be in the 
pump and/ or hose cabinet shall be made of stain
less steel, plastic or other equally corrosion-re
sistant material. 

FABRICATION 

All product contact surfaces shall be at least as 
smooth as a No. 4 mill finish on stainless steel 
sheets. (See Appendix, Section F.) 

0.2 
All p ermanent joints in product contact surfaces 
shall be welded. All welded areas of product con
tact surfaces shall be at least as smooth as the ad
joining surfaces. 

0.3 
All product contact surfaces shall be easily ac
cessible for cleaning, either when in an assembled 
position or when removed. Removable parts shall 
be readily demountable. 

0.4 
All product contact surfaces shall be self-draining 
except for normal clingage. Tanks shall be so 
consb·ucted that the lining will not sag, buckle or 
prevent complete drainage of water when the tank 
has a pitch of not more than 1 inch in 100 inches. 
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D.~ 

The height of the vertical axes of the lining of the 
tank shall not be less than the minimum heights 
shown in the following tables: 
Tanks Having Uniform Vertical Axes 

Up tb and including 500 gallons __ _ _ 
Over 500 gallons and up to and 

Minimum 
Height 

36" 

including 2,000 gallons __________ 40" 

Over 2,000 gallons and up to and 
including 2,800 gallons __________ 42" 

Over 2,800 gallons and up to and 
including 3,500 gallons __________ 44" 

Over 3,500 gallons ------------------ 46" 
Tanks Having V mying Vertical Axes Minimum 

Height 
Front Rear 

Up to and including 500 gallons 
Over 500 gallons and up to and 

36" 36" 

including 2,000 gallons ____ __ 40" 40" 
Over 2,000 gallons and up to and 

including 2,800 gallons ______ 41" 51" 
Over 2,800 gallons and up to and 

including 3,500 gallons ________ 43" 55" 
Over 3,500 gallons ______________ 43" 57" 

0 .6 

The inside radii of all welded or permanent at
tachments shall be not less than 1/4 inch. vVhere 
the head ( s) and the partition wall ( s) join the 
lining of the tank the radius shall not be less than 
3/4 inch. 

0.7 
There shall be no threads on product contact sur
faces. 

0 .8 
Sanitary pipe and fittings shall conform with "3-A 
Sanitary Standards for Fittings Used on Milk and 
Milk Products Equipment and Used on Sanitary 
Lines Conducting Milk and Milk Products, Serial 
#0809", as amended and supplemented. 

0.9 
The outer shell shall be smooth and effectively 
sealed except for a vent or ·weep hole in the outer 
shell of the tank. The vent or weep hole shall be 
located in a position that will provide drainage 
from the outer shell and shall be vermin proof. 
The outer jacket and doors of the pump and/or 
hose cabinet shall be smooth and effectively seal
ed. Outside welds need not be ground. 

0.10 

Non-product contact surfaces shall be free of pock
ets and crevices and be readily cleanable and those 
to be coated shall be effectively prepared for coat
ing. 

0.11 
The tank and the divider between the compart
ments of a multi-compartment tank shall be in
sulated vvith insulating material of a natur<:;_ and 
amount sufficient that, in an 18 hom period, when 
the tank is full of water, the average change in 
the temperature of the water will not exceed 2 F 
when the average difference between the tem
perature of the water and that of the atmosphere 
surrounding the tank is 30 F. Insulation material 
shall be installed in such a manner as to prevent 
shifting or settling. 

0.12 

Outlet and Outlet Valve 

0.12.1 

Each tank or compartment shall have a separate 
outlet passage. The outlet shall be of all welded 
construction with the exception that a rolled-on, 
flange may be used on the terminal end and shall 
have an inside diameter at leas t as large as that 
of a 2 inch 3-A Sanitary Fitting. The outlet ( s) 
shall provide complete drainage of the tank( s) or 
compartment( s). In multi-compartment or multi
tank units , the top of the outlet passage ( s) of the 
front compartment(s) or the front tank(s ) shall 
be as low as the low point of the lining at the out
let at a point in the outlet passage. The horizontal 
distance from the opening in the lining to this 
point shall not be more than four times the dia
meter of the outlet passage. The outlet passage 
downsh·eam of this point shall pitch towards the 
connection for the outlet valve. The terminal 
end shall have a welded or rolled-on flanged con
nection for the outlet valve. The terminal end 
of the outlet passage shall not extend more than 
6 inches beyond the inside lining of the tank or 
comparhnent ( s) . The outlet passage may be in
creased in length provided that: 

0.12.1.1 

The outlet passage is sh·aight or is straight down
stream of the elbow ( s) or bend ( s) used either to 
change the direction of product flow from a bot
tom outlet or to comply with the requirement in 
D.12.1 that at a specified point the top of the out
let passage shall be as low as the lowpoint of the 
lining at the outlet. 

0.12.1.2 

The outlet and outlet passage may be adequately 

cleaned manually or the tank or compartment with 

the increased outlet passage is provided with a 

fixed spray device( s) so that the outlet and outlet 

passage may be mechanically cleaned. 

; 

•· I 
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0 .12.1.3 
The outlet passage is insulated sufficiently that the 
tfmperature rise of the water in the outlet pass
age does not exceed the allowable average tem
perature rise of the tank full of water (2 F) speci
fied in D.11. 

0. 12.1.4 
The outlet passage is protected against damage 
(denting) and is braced and sloped. 

0.12.2 
Outlet valves shall be either close-coupled sani
tary plug type or compression type tank outlet 
valves. The valve body shall be designed so that 
it can be used without a gasket or with either a 
single-service or multiple-use gasket. 
Note: Block tin gaskets are not considered to be 
multiple-use gaskets. 

0. 12.3 
The tank outlet and valve bore shall be the same 
size and concenh·ic. 

0. 12.4 
A sanitary 3-A ~ap shall be furnished for the outlet 
opening of the outlet valve, except the outlet open
ing of a valve located in the pump and/or hose 
cabinet that is connected to the pump piping. 

0. 13 
Unless the outlet valve is located in the pump 
and/or hose cabinet, it shall be provided with a 
dust cover which ( 1) encloses the entire valve 
assembly, ( 2) is dustproof and ( 3) has a smooth 
interior finish. Dust covers shall be provided with 
means of sealing to prevent opening or removing 
the cover without breaking the seal. 

0. 14 
Manhole Opening and Cover: 

0 .14.1 
The manhole ( s) opening shall be not less than 16 
inches by 20 inches oval or 18 inches in diameter. 

0. 14.2 
The upper edge of a top manhole opening shall be 
not less than 3/ 8 inch higher than the sunounding 
area and if an exterior flange is incorporated in it, 
it ~ball slope ~nd dra.in away from the opening. 

0.14.3 
~vlanholes shall b~ located so that tl1e distance from 
either ep.d of the tank shall not exceed 18 feet, 6 
inches, except that this requirement shall not apply 
tb tanks with a permanently installed mechanical 
cleaning device ( s) so designed and installed that 
solutions are applied to all product contact sur
faces except those areas requiring manual clean
ing. 

0.14.4 

Manhole cover gaskets shall be readily removable 
and may have any one of the following cross
sections: flat, rectangular, square, oval, round, 
"L" or "Z" shape, or any other section which is 
equally cleanable. 

0.14.5 
Gasket grooves or gasket retaining grooves shall 
not exceed 1/4 inch in depth or be less than 1/4 
inch wide. The minimum radius of any internal 
angle in a gasket groove or gasket retaining groove 
shall be not less than 1/16 inch. 

0 .14.6 

A sanitary vent of sufficient fre~. opening to prevent 
excess vacuum and/or internal pressure, shall be 
installed under the manhole dust cover. The air 
vent shall be designed so that parts are readily 
accessible, easily removable and readily cleanable. 
(See Appendix, Section G.) 

0.15 
Manhole Dust Cover: 

0 .15.1 
Each manhole shall be provided with a dust cover. 

0.15.2 
The interior finish of the dust cover shall be smooth, 
readily cleanable and free from bolts and screws. 
Round or oval head rivets shall be deemed ac
ceptable. 

0 .15.3 
vVelded interior attachments shall have minimum 
radii of 1/ 16 inch. 

0.15.4 
A suitable vent shall be provided to relieve vacuum 
and pressure when the dust cover is closed. 

0 .15.5 
The dust cover when closed shall provide an ef
fective seal to prevent enb·ance of dust. 

0.15.6 
If a rubber or rubber-like, or plastic gasket is used 
as a seal, it shall be smooth, either removable or 
firmly bonded to the dust cover to provide a 
smooth, easily cleanable surface without crevices. 

0.15.7 
Deck plate, if attached to the outer jacket, shall 
be effectively sealed and firmly bonded. 

0 .15.8 
The dust cove1; shall be provided with means of 
sealing to prevent opening the dust cover without 
breaking the seal. 
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0 .16 
Agitat-ion: 

0 .16.1 
When specified, the tank or compartment thereof 

shall be provided with means for mechanical and/ 

or air agitation that when operated 20 minutes in 

whole milk that has been stored 24 hours at 40 F 

will result in the milk fat content of the product 

throughout the tank or compartment being within 

a variation of plus or minus 0.1 per cent by the 

official AOACS Babcock milk fat test. 

0 .16.2 
The agitator, if not designed for mechanical clean

ing, shall be located in such a manner that it shall 

be readily accessible for manual cleaning and in

spection. 

0.16.3 
A mechanical agitator shall have a seal of the pack

less type, sanitary in design with all parts accessible 

for cleaning. 

0.17 
Air Under Pressure and/o1· Mechanical Cleaning: 

0. 17.1 
Equipment and means for applying air under 

pressure or solutions for mechanical cleaning. when 

provided, shall conform to the applicable provisions 

of the "3-A Accepted Practices for Supplying Air 

. Under Pressure in Contact with Milk, Milk Prod

ucts and Product Contact Surfaces," Serial #60400, 

as amended, except that clamp type fittings shall 

not be used in the product zone. 

0.17.2 
Tubing and related fittings within the tank shall 

be readily and easily removable for cleaning out

side the tank or be designed to be mechanically 

cleaned. 

0.17.3 . 
Openings for air agitation and/or mechanical clean-

ing applications shall be protected against con

tamination by means of a removable dust cover, 

except where such openings are within the pump 

and/or hose cabinet. 

0 .1 7..4 

Pe:·manently _mounted air or solution tubing shall 

be constructed and installed so that it will not 

sag, buckle, vibrate or prevent complete drainage 

of the tank or tubing, and shall be located so that 

the dist.ance from the outside of the tubing to the 

':l3_The m ethod. of m aking this test will . be found in the follow

ing .reference: Official Methods of Analysis; Available from 

'tho A~sociation of Official' Analytical Chemists, P. 0 . Box 540, 

Benjamin Franklin Station, Washington, D . c: · 20004. 

lining is at least two inches, except at point of 

entrance. If designed for mechanical cleaning, the 

tubing and all related fittings shall be self-draining. 

0.17.5 
Means for mechanically cleaning the tank or com

partment when provided, shall clean tl1e product 

contact smfaces and all non-removable appurten

ances tl1ereto except those areas tl1at may be man

ually cleaned witl1out entering the tank. (See sug

gestions Appendix, Section H.) 

0. 18 
Baffles 

0 .18.1 
Baffles, when provided, shall not interfere with the 

free drainage of the tank or compartment. 

0.1 8.2 
The area of any one baffle plate shall not exceed 

40% of the cross-sectional area of the tank and th~ 

entire baffle shall be on one side of the longitudinal 

center line of the tank. If more than one baffle 

is installed, consecutive baffles shall be installed 

on opposite sides of the tank and shall be at least 

48 inches apart. Baffles shall be so designed that 

walk-through accessibility will be provided to all 

areas for inspection, and if the tank is not provided 

with means for mechanically cleaning the tank or 

compa.rbnent, for cleaning purposes. 

0 .1 8.3 

Baffles shall be permanently attached to the tank. 

The radius of inside corners formed where baffles 

are attached to the lining shall be at least 1/4 inch. 

There shall be no sharp edges on baffles. 

0 .1 9 
Hose Cabinets : 

0 .19.1 

Hose cabinets shall comply with the following as 

well as other applicable provisions of the Fabri

cation Section D: 

0 .19.2 
The lining of cabinets, doors and fixed attach

ments shall be s~ooth. 

0 .19.3 
All permanent joints in the lining shall be welded. 

All welded areas in the lining shall be at least as 

smooth as the adjoining surfaces. 

0.1 9.4 
The bottom shall be consb·ucted so that it will not 

sag, buckle or prevent complete drainage when 

the truck is on a level surface. 

D.19.5 
All inside corners shall have minimum radii of 

1/8 inch. 

•· I 

,: 
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0.19.6 
Cabinets shall be dust tight and doors shall be 
equipped with a compression type closing device. 
Gasket material for sealing cabinet doors may be 
installed on face of the cabinet or on the doors 
except along a drainage area where it shall be 
attached to the doors. Gasket material shall be 
removable or firmly bonded to provide smooth, 
easily cleanable surfaces without crevices. 

0.19.7 
A roof overhang or suitable drip molding shall be 
provided over the cabinet doors. 

0.19.8 
The cabinet and doors shall be insulated with an 
insulating material having an insulating value of 
not less than 1 inch of cork. 

0.19.9 
A carrier bracket shall be provided to support the 
flexible h·ansfer tubing. Means shall be provided 
to support the loose end of the tubing above the 
cabinet floor. 

0.19.10 
Fixed attachments such as pump support brackets, 
tubing carrier brackets and brackets for belt and 
pulley guards shall be easily accessible for clean
ing. A pump having a base area of 1 square foot 
or less shall be installed so that there will be a 
minimum clearance of 2 inches between the base 
and the cabinet floor and 3 inches between the 
pump assembly and the cabinet walls. The mini
mum clearance bet\lVeen the base and the cabinet 
floor shall be increased to 3 inches if the base 
area o~ the pump exceeds 1 square foot. A pump 
assembly that is to be mounted on the floor of 

; the cabinet shall have a solid base and be install
ed with a non-absorbent sealing gasket. It shall 
be installed in a position that ( 1) will not inter
fere with drainage and ( 2) will provide minimum 
clearance of 3" between the pump assembly and 
the cabinet walls. Except when readily removable, 
a side wall mounted pump assembly shall be in
stalled with a non-absorbent sealing gasket. 

0.19.11 
The size and location of the cabinet shall be such 
that will afford easy accessibility for assembly and 
disassembly of removable parts and provide ample 
clearance around permanently installed equipment 
and parts. (See Appendix, Section I, Facilities for 
Extra Fittings.) 

I 

0.20 
Pumps: 

0.20.1 
Pumps, when furnished, shall conform to the "3-A 

,/ 

Sanitary Standards for Pumps for Milk and Milk 
Products, Revised, Serial #0203," as amended. A 
sanitary closure shall be furnished for the outlet 
opening of the pump. 

0.21 
Mot01·s for Pumps and/or Agitators: 

0.12.1 
A motor when located in the pump compartment, 
shall be totally enclosed, non-ventilated and the 
electric wiring shall be water-proof and shall be 
conducted through the wall of pump cabinet with 
water-tight connections. 

0.21.2 
Storage space for the pump motor electrical exten
sion cord shall be located outside the pump com
partment. It is suggested that a grounded cord 
reel be used to store the extension cord. 

0.22 
Transfer Tubing: 

0.22.1 
Single lengths of h·ansfer tubing shall not exceed 
8 feet except where adequate acceptable cleaning 
facilities are available at the place of cleaning. The 
minimum inside diameter of the tubing shall be 
1-3/ 8 inches. A sanitary closure shall be furnish
ed for the open end( s) of the tubing. 

0 .22.2 
If two lengths of flexible tubing are used, they 
shall b e connected either by the use of sanitary 
couplings or by a piece of rigid 3-A Sanitary Tub
ing. 

0.22.3 
A piece of flexible tubing may be used for the 
connection from the pump to the tank. 

0.22.4 
Flexible tubing shall be attached to rigid 3-A Sani
tary Tubing, or the tank or pump in such a manner 
that the flexible tubing may easily be removed 
without tools . If clamps are used they shall be 
readily removable without tools . 

0.23 
Sample Tmys and Sample Compm·tments: 

0.23.1 
Sample h·ays and sample compartments that are 
furnished by the tank manufacturer that are to be 
in the pump and/or hose cabinet shall be of sani
tary design and readily cleanable. 

0 .23.2 
Facilities shall be provided for keeping the samples 
cold. 



606 3-A SANITARY STANDARDS 

0 .23.3 

E. 

F. 

G. 

Permanently installed sample compartments shall 

( 1) be attached to the cabinets by welding or 

with bolted connections which have non-absorbent 

sealing gaskets in the joints, ( 2) have the support

ing member( s) welded if supported from the 

floor of the cabinet and ( 3) be installed so there 

1s a minimum clearance of 6 inches between the 

sample compartment and the cabinet floor. 

APPENDIX 

STAINLESS STEEL MATERIALS 

Stainless steel conforming to the applicable com

position ranges established by AISI for wrought 

products, or by ACI for cast products, should be 

considered in compliance with the requiremmts 

of Section C.l.1 herein. Where welding is involved 

the carbon content of the stainless steel should not 

exceed 0.08%. The first reference cited in C.l.1 

sets forth the chemical ranges and limits of ac

ceptable stainless steels of the 300 series. 
Cast grades of stainless steel corresponding to types 

303, 304, and 316 are designated CF-16F, CF-8 

and CF-8M, respectively. These cast grades are 

covered by ASTM4 specifications A 296-67 and 
A 351-65. 

PRODUCT CONTACT SURF ACE FINISH 

Surface finish equivalent to 150 grit or better as 

obtained with silicon carbide, is considered in 

compliance with the requirements of Section D .1 

herein. 

AIR VENTING 
To insure adequate venting of the tank which will 

protect it from intemal pressure or vacuum dam

age, the critical relationship between minimum 

vent size and maximum filling or emptying rates 

should be observed. A venting system of sufficient 

capacity to provide for venting during filling and 

emptying is not adequate during mechanical clean

ing. During the cleaning cycle tanks when clean

ed mechanically should be vented adequately by 

4Available from American Society for Testing and Materials, 

1916 Race Street, Philadelphia, Pa. 19103. 

H. 

I. 

opening the manhole cover to prevent vacuum or 

pressure build-up due to sudden changes in tem

perature of very large volumes of air." Means 

should be provided to prevent excess loss of ~lean

ing solution through the manhole opening. The 

use of tempered water of about 95 F for both pre

rinsing and post-rinsing is recommended to reduce 

the effect of flash heating and cooling. 

MECHANICAL CLEANING 

The mechanical cleaning system shall be so design

ed that solution is applied to all product contact 

surfaces except those areas requiring manual clean

ing. When being cleaned, the tank should have 

sufficient pitch to accomplish draining and to have 

a fast flushing action across the bottom. The 

pitch should be at least 1/ 4 inch per foot. Means 

should be provided for manual cleaning of all sur

faces not cleaned satisfactorily by mechanic:tl 

cleaning procedures. 
NOTE: Cleaning and/or sanitizing solutions should 

be made up in a separate tank-not in the trans

portation tank. 

FACILITIES FOR EXTRA FlTTINGS 

If exh·a sanitary fittings are supplied by the manu

facturer of the farm pick-up tank, facilities should 

be provided in the pump compartment to adequate

ly protect such items. 

These standards are effective Feb . 1, 1972 at which 

time the 3-A "Sanitary Standards for Stainless 

Steel Automotive Milk Transportation Tanks for 

Bulk Delivery and/ or Farm Pick-Up Service, 

Amended April 28, 1954," Serial #0501 and amend

ments thereto, are rescinded and become null and 

void. 

' Fur example, when a 6,000 gallon tank (with 800 cu. ft. of 

135 F hot air after cleaning) is suddenl y flash cooled by 50 F 

water sprayed at 100 gpm the following takes place : 

'iVithin one second, the 800 cu. ft. of hot air shrinks ap

proxin1ately 51 cu. ft. in volum e. This is the equivalent in 

occupied space of approximately 382 gallons of product. This 

shrinkage creates a vacuum sufficient to collapse the tank 

unless th e vent, manhole, or other openings allow air to enter 

the tank at approximately the same rate as it shrinks . It is 

obvious, therefore, that a very large air vent such as the 

manhole opening is required to accommodate this air flow. 

~ •• I 

' ' . 
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3-A ACCEPTED PRACTICES 
FOR MILK AND MILK PRODUCTS SPRAY DRYING SYSTEMS 

Serial #60700 

Formulated by 
International Association of Milk, Food and Environmental Sanitarians 

United State Public Health Service 
The Dairy Industry Committee 

It is the purpose of the IAMFES, USPHS, and DIC in connection with the development of the 3-A 
Sanitary Standards program to allow and encourage full freedom for inventive genius or new developments. 
iVIilk and milk products spray drying systems heretofore or hereafter developed which so differ in design, 
material, fabrication, or otherwise as not to conform with the following practices, but which in the fab
ricator's opinion are equivalent or better, may be submitted for the joint consideration of the IAMFES, 
USPHS, and DIC at any time. 

A. 
SCOPE 

A.1 
These 3-A Accepted Practices shall pertain to the 
sanitary aspects of equipment for spray drying 
milk and milk products, and includes all equip
ment necessary for spray drying milk and milk 
products beginning with the discharge of the pump 
which delivers the liquid product to the drying sys
tem and terminating at the point the final dried 
product enters either the packaging systems or 
storage for further processing. The drying system 
includes the equipment used for moving and 
cleaning the air, heating and/ or cooling the air, 
atomizing the liquid, mixing the liquid in the hot 
air, removing the dry product from the air, addi
tional drying of the product, cooling the product, 
pulverizing, sizing and conveying the product. 

f A.2 

B. 

8.1 

In order to comply to these 3-A Accepted Prac
tices, equipment in spray drying systems shall 
comply with the following criteria for design, ma
terial, fabrication and air supply. 

DEFINITIONS 

Product: Shall mean the milk or milk product and 
dry milk or dry milk product. 

8.2 
Air to be Heated: Shall mean processing air to be 
heated to at least 240°F. 

8.3 
..f...ir not to be Heated: Shall mean processing air 
which either will not be heated or will be heated 
to a temperature less than 240°F. 

B.4 
P1'0cessing Air: Shall mean air prepared by filtra-

tion which is intended to be used in contact with 
the product for such purposes as heating, cooling, 
drying or conveying or will be used for sealing 
a bearing or similar purposes. 

8.5 
Product Contact Swfaces: 

8.5.1 
Shall mean all surfaces that are exposed to the 
product or from which liquids and/or solids may 
drain, drop or be drawn into the product. 

8.5.2 
Shall mean all surfaces in contact with air which 
is not to be heated prior to coming in contact 
with the product commencing at the discharge of 
the air inlet filter ( s) and ending at the first down
sh·eam surface in contact with the product. 

8.6 
Air Contact Surfaces: 

8.6.1 
Inlet air contact surfaces shall mean all surfaces 
( 1 ) in contact with air to be heated prior to com
ing in contact with the product and ( 2) in con
tact with heated air, commencing at the discharge 
of the air inlet filter ( s) and ending at the first 
downstream product contact surface. 

8 .6.2 
Exhaust air contact surfaces shall mean the sur
faces of the air ducts, plenum chamber ( s) (if 
provided) and appurtenances from the final pro
duct contact surface through the exhaust system. 

8.7 
Non-P1'0duct Contact Surfaces: Shall me an all 
other exposed surfaces. 

8.8 
Mechanical Cleaning or Mechanically Cleaning: 
Shall denote cleaning, solely by circulation and/ 
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C.l 

or flowing chemical detergent solutions and water 
rinses onto and over the s1:1rfaces to be cleaned, 
by mechanical means. 

MATERIALS 

The materials of product contact surfaces of equip
ment included in the spray drying system for 
which there are 3-A Sanitary Standards or 3-A 
Accepted Practices shall comply with the material 
criteria of the applicable Standards or Accepted 
Practices. 

C.2 
All other product contact surfaces shall be of 
stainless steel of the AISI 300 series' or cor
responding ACP types. (See Appendix, Sec
tion F.1), or metal that is non-toxic and non
absorbent and which under conditions of intend
ed use is equally corrosion resistant except that: 

C.2.1 

Plastic materials may be used for scraper blades, 
sight and/or light glasses, bearings, bushings, 
short pieces of transparent tubing in dry product 
areas for observation purposes, short flexible con
nectors and sealing applications. These materials 
shall conform with the applicable provisions of 
the "3-A Sanitary Standards for Multiple-Use 
Plastic Materials Used as Product Contact Sur
faces for Dairy Equipment, Serial #2000," as 
amended. 

C.2.2 

Rubber and Rubber-like materials may be used for 
short flexible connectors, scraper blades and seal
ing applications. The materials shall conform with 
the applicable provisions of the "3-A Sanitary 
Standards for Multiple-Use Rubber and Rubber
Like Materials Used as Product Contact Surfaces 
in Dairy Equipment, Serial #1800". 

C.2.3 
Cotton, wool, linen, silk, or synthetic fibers may 
be used for filtering and/ or screening surfaces or 
entrainment separators, and for short flexible con
nectors used in dry product packaging areas. These 
materials shall be non-toxic, relatively insoluble 
in water, easily cleanable, and shall not impart 
a flavor to the product. 

'The data for this series are contained in the following ref
erence: AISI Steel Products Manual, Stainless & Heat Resist
ing Steels, April, 1963, Table 2-1, pp 16-17. Available from: 
American Iron & Steel Institute, 633 Third Ave., New York, 
N. Y. 10017. 
2Alloy Casting Institute Division, Steel Founders' Society of 
1\merica, 21010 Center Ridge Road, Rocky River, Ohio 44116. 

C.2.4 

Aluminum alloys conforming to the Aluminum 
Association" designates 5052 and 6061 may be 
used as a product contact surface for dry product 
when used as a supporting or reinforcing mem
ber in light weight moving parts and other simi
lar applications. 

C.2.5 

Welded areas and the d,eposited weld material 
shall b e substantially as corrosion resistant as the 
parent materials. 

C.2.6 

Heat resistant glass• may be used in sight and/ 
or light openings. 

C.3 
Air contact surfaces, except for those of flexible 
connectors, fans, burners and dampers, shall be 
of a corrosion resistant metal that maintains its 
original surface characteristics under the environ- ' 
ment of intended use, or is rendered corrosion
resistant by a coating of corrosion-resistant ma
terial other than paint. If the portion of the plenum 
chamber at the inlet to the drying chamber is 
subject to washing, it shall be made of stainless 
steel. 

C.4 

Filter Media: Intake air filter media shall con
sist of one or more of the following: fiber glass 
with a downstream backing dense enough to pre
vent fiber glass break off from passing through, 
cotton flannel, wool flannel, spunmetal, activated 
carbon, activated alumina, non-woven fabric, ab
sorbent cotton fibre, or other suitable materials 
which, under conditions of intended use, are non
toxic and non-shedding and which do not re
lease toxic volatiles or other contaminants to 
the air, or volatiles which may impart any flavor 
or odor to the product. Chemical bonding ma
terials contained in the media shall be non-toxic, 
non-volatile and insoluble under all conditions of 
use. Disposable media shall not be cleaned and 
re-used. 
Note: Electronic air cleaners use electrostatic pre
cipitation principles to collect particulate matter 
and therefore are not included in the preceding 
list of acceptable filter media. This does not 
preclude their use in spray drying systems. 

c.s 
Non-product contact surfaces, shall be of cor-

"Aluminum Association, 420 Lexington Avenue, New York, 
N. Y. 10017. 
•class of a borosilicate type with a coefficient of expansion 
between 30° C and 300° C of between 3.0 and 3.5 parts 
per million per degree centrigrade. 

•• I 
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rosion-resistant material or material that is rend
ered corrosion-resistant. If coated, the coating 
used shall adhere. Non-product contact surfaces 
shall be relatively non-absorbent, durable and 
cleanable. Parts removable for cleaning having 
both product contact and non-product contact 
surfaces shall not be painted. 

FABRICATION 

0.1 
The fabrication criteria of equipment included in 
the spray drying system for which there are 3-A 
Sanitary Standards or 3-A Accepted Practices shall 
be those of the applicable Standards or Accepted 
Practices. 

0.2 
All other equipment shall conform to the fol
lowing fabrication criteria. 

0.2.1 
The product contact surfaces of stainless steel 
sheets shall be as smooth as a No. 4 mill finish. 
Seam welds shall be smooth and pit free, and 
where grinding and polishing is required, such 
areas shall be at least as smooth as a finish ob
tained with 80 grit silicon carbide. Intricate 
fabricated and/or machined components shall be 
as smooth as a finish obtained with 80 grit silicon 
carbide, with welds pit free. If stainless steel 
sheets with a No. 2B mill finish are used, they 
shall be free of imperfections such as chips, flakes, 
or pits. Joints shall be smooth and flush. Per
manent joints in metallic product contact surfaces 
shall be continuously welded. 

0.2.2. 
Product contact surfaces shall be easily acces
sible for thorough cleaning, either when in an 
assembled position or when removed. Parts 
that must be removed for cleaning shall be readily 
removable and easily dismantled, except that high 
pressure liquid product lines -and such parts as 
fan wheels, air lock valves, fluidizer valves, con
veying mechanisms, and similar parts need only 
be readily accessible for cleaning. 

0.2.3 
Product contact sudaces intended for regular wet 
cleaning shall be self-draining or self-purging ex
cept for normal clingage, except where self-clrain-

' ing is not feasible other drying methods including 
.air drying may be used . 
• 

0.2.4 
Intentaf angles of 135°F or less on product con
tact 

5

s~ll'faces shall have minimum radii of 1/4 
inch except where sm~ller radii are required for 

essential functional reasons such as those on in
ternal parts of mechanical collectors, collector 
systems and air lock blades. In no case shall such 
radii be less than 1/32 inch, except those on 
atomizing devices and where external welding is 
necessary. In either case the internal product 
contact surface must be readily available for clean
ing and inspection. 

0.2.5 
There shall be no exposed threads or crevices on 
product contact surfaces except where required 
for functional and safety reasons such as high 
pressure liquid product lines and atomizing de
vices, fan wheels, air lock valves, fluidizer valves 
and conveying mechanisms. ,_The parts for which 
an exception is made that have exposed threads 
or crevices on product contact surfaces shall be 
designed to be mechanically cleaned or shall be 
readily accessible for cleaning. 

0.2.6 
Flexible connections having product contact sur
faces shall have straight sides without cmTuga
tions. 

0.3 
Air contact surfaces shall be readily cleanable. 

0.4 
Sheet metal work constructed in accordance with 
conventional fabrication techniques• may be used 
for portions of the drier having air contact sur
faces. 

0.5 
The consh·uction of the portions of the spray dry
ing system having air contact surfaces such as 
sheet metal work, air heating equipment, filter
ing equipment, pneumatic conveying equipment 
and exhaust systems shall be so consh'ucted as 
to prevent the entrance of unfiltered air. 

0.6 
Non-product contact surfaces to be coated shall 
be effectively prepared for coating. 

0.7 
Sanitary tubing and fittings except those used 
( 1) in high pressure liquid product lines and ( 2) 
in dry product conveying piping and equipment 
shall conform with the design and construction 

, provisions of the "3-A Sanitary Standards for Fit
-.~ tings used on Milk and Milk Products Equipment 
- and Used on Sanitary Lines Conducting Milk and 

5lnformation on sheet metal fabricating techniques will be 
found in: Paull, James H. Industr-ial Sheet Metal Dra_wing. 
1938, Van Nostrand Co., Inc., New York, "Methods of Fasten
ing," Ch. VII, p. 135. 
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Milk Products, Hevised, Serial #0809", and Sup

plen~ents thereto, as amended, and/or "3-A Ac
cepted Practices for Permanently Installed Sani

tary Product-Pipelines and Cleaning Systems, 

Serial #60500", as amended. 

0.0 
Non-product contact surfaces shall be free of 

pockets and crevices and shall be easily accessible 

for cleaning, either when in an assembled posi

tion or when removed. Hemovable parts shall 

· be readily demountable. Panels or doors shall 

be provided to allow easy access for cleaning of 

non-product areas of the equipment. They shall 
be constructed in a manner that will prevent air 

entrance. Use of hinges, wing nuts, latches, and 

similar easy-opening fastening devices are recom

mended to allow easy access without special 

tools. 

0.9 
Gaskets and Gasket Grooves on Product Contact 

Surfaces: Gaskets shall be removable or perman

ently bonded. Gasket retaining grooves for remov
able gaskets, if provided, shall be no deeper than 

their width. The minimum radius of any internal 

angle in a gasket retaining groove shall be not 
less than 1/8 inch, except that a 3/ 32 inch radius 

is permissible where a standard 1/ 4 inch 0-H.ing 

is to be used. Use of gasket positioning grooves 

·or pins, premolded fitted gaskets or gaskets cut 

from sheet material are recommended. 

0.10 
When a fan is installed on the downstream side 

of the intake air filter, it shall be designed and in

stalled in a manner to preclude entrance of air 

contaminants. 

0.11 
Fans of the air foil type shall be constructed with 

blade cavities sealed. 

0.12 
Any bearing having a product contact surface 

shall be of a non-lubricated type. Lubricated 

bearings shall be located outside the product con

tact surface with at least 1 inch clearance between 

the bearing and any product contact surface to 

assure ( 1) that the product does not contact the 

bearing or lubricant and ( 2) lubricants and/ or 

product do not build up between the bearing 
and any product contact surface. ·when a shaft 

or cable passes through a product contact surface, 

the portion of the opening surrounding the shaft 
or cable shall be protected to prevent the en
h·ance of contaminants. 

0.13 

When the exhausts of collectors are connected to 

the bottom of a plenum whose entire construction 

does not conform to the criteria for product con

tact surfaces, ( l) the top of the plenum shall be 

constructed so as to conform to product contact 
' surface criteria and ( 2) the collector exhaust · con-

nections shall extend upward into the plenum at 

least 6 inches. This provision does not apply to 
cloth collector bags. 

0.14 

E. 

A self-closing head shall be installed at the termi

nal end of all exhaust to atmosphere ducts. 

AIR SUPPLY FOR DRYING SYSTEMS 

E.1 

The location and nature of adjacent structures 
and the variat;ons of wind and weather shall be 

considered in se-lec ting the location of the air 

supply intake opemng whether inside or outside 

a building. It shall be so located that it will ' 

reasonably insure that the character of the intake 
air will be suitable for its intended use. 

E.2 
Outside intake openings shall be suitably pro

tected against the admission of all foreign ob

j ~ cts . Openings should be provided with louvers 

which can be closed when processing equipment 

is not in use. Hoods should be used over these 
openings to minimize the intake of rain, snow, 

dust or other foreign material. Openings shall 

be equipped with sturdy screens having openings 
not larger than 3/4 inch in any dimension. 

E.3 
The air supply system and/or ducting shall be 
such that all of the air is caused to pass through 

air . filters properly installed before coming in 

contact with product contact surfaces of the 
drying system. 

E.3.1 

Processing air which will be heated before pro

duct contact shall be passed through a properly 

installed and maintained filter( s), selected to have 

a minimum average efficiency of 90% when test

ed in accordance with the ASHRAE Synthetic 

Dust Arrestance Test' when operated at its de
sign face velocity. 

E.3.2 
Processing air which will not be heated before 

product contact shall be passed through a prop-

6The method of making these tests will Le found in the fol

lowing reference: Method of Testing Air Cleaning D evices, 
ASHRAE Standard 52-68. Available ' from The American 

Society of Heating, Refrigerating and Air-Conditioning En

~eers, Inc., 345 E. 47th Street, New York, New York 10017. 

\ .. 
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erly installed and maintained filter ( s), selected 
to have a minimum average efficiency of 85% 
when tested in accordance with the ASHRAE 
Atmospheric Dust Spot Method6 when operated 
at its design face velocity. 

APPENDIX 

PRODUCT CONTACT SURFACE MATERIALS 

F.l 

G. 

Stainless steel conforming to the applicable com
position ranges established by AISI' for wrought 
products, or by ACF for cast products, should be 
considered in compliance with the requirements 
of Section C.2 herein. Where welding is involved 
the carbon content of the stainless steel should 
not exceed 0.08%. The first reference cited in C.2 
sets forth the chemical ranges and limits of ac
ceptable stainless steels of the 300 series. Cast 
grades of stainless steel corresponding to types 
303, 304, and 316 are designated CF-16F, CF-8 
and CF -8M, respectively. These cast grades are 
covered by ASTM7 Specifications A-296-68 and 
A351-70. 

CLEANING AND SANITIZING PROCEDURES 
A cleaning and sanitizing regimen which is ef
fective shall be employed. A description of this 
regimen shall be available at the drying plant. 
Because of the possibilities of corrosion, the rec
ommendations of the cleaning compound manu
facturer shall be followed with respect to the time, 
temperature, and the concentration of specific de
tergents and sanitizing agents. To insure proper 

; strength of solution and to avoid corrosion, the 
detergent or sanitizer shall be completely dissolv
ed or dispersed prior to use. 

G.l 

The following is adapted from "Special Sanitation 
Suggestions for Dry Milk Manufacturers" avail
able from American Dry Milk Institute, 130 N. 
Franklin Street, Chicago, Ill. 60606, ADMI Hand
book o. 917. 

High Pressure Supply Pump, Milk Lines and 
Spray Devices 

G.l.l 
As soon as possible after the drier is shut down, 
remove the spray nozzles from · chamber and place 
the nozzles in the solution tank. Direct the high 
pre.9sure lines and/or nozzle pipes to the solu
tion tank. 

7 Available from American Society for Testing & Materials, 
1916 Race St., Philadelphia, Pa. 19103. 

G.1.2 
Remove and manually clean the line through 
which product is conducted from the high pres
sure regulating valve at the outlet of the high 
pressure pump to the inlet of the pump. Hook 
up the lines for the complete recirculating circuit 
including the preheater, high pressure or supply 
pump and high pressure lines. Do not put oper
ating pressure on high pressure pump during rins
ing and cleaning. 

G.1.3 
Using clear water at 110-ll5°F flush the entire 
circuit until rinse water is clear. Rinse water 
should go directly to the drain. 

G.1.4 
After rinsing, add enough water to the solution 
tank to avoid sucking air into lines during circula
tion. Slowly add an alkaline cleaning compound 
in the amount specified by the supplier. Circu
late this solution for the length of time and at the 
temperature recommended by the cleaning com
pound manufacturer. To assure full flow through 
a multiple spray pipe system it may be necessary 
to circulate groups of pipes, valves and nozzle 
pipes alterna tely. 

G.l.S 
Rinse the alkaline cleaning solution thoroughly 
from the system and refill circuit with warm 
water. 

G.1.6 

Add an acid cleaning solution to the solution tank 
according to th e cleaning compound manufactur
er's direction. Circulate for the time and at the 
temperature recommended by the manufacturer 
of the cleaning compound. After completion of 
cleaning, completely rinse the acid cleaning solu
tion from the system. 

G.1.7 

Disassemble the high pressure pump and check 
the entire system for effectiveness of cleaning. 
Allow the high pressure pump to dry before re
assembly. 

G.l.S 
vVhen paper gaskets are used in the preheater or 
anywhere in the circuit they must ·be changed 
daily. 

G.1.9 

Immediately prior to reuse of equipment, circu
late a santitizing solution through system for 5 
minutes and then discharge it to the drain . 

G.1.10 
Circulation time, temperature and · strength . of 
cleaning solutions may vary according to amount 
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Milk Products, Revised, Serial #0809", and Sup

plements thereto, as amended, and/ or "3-A Ac

cepled Practices for Permanently Installed Sani

tary Product-Pipelines and Cleaning Systems, 

Serial #60500", as amended. 

0.8 
Non-product contact surfaces shall be free of 

pockets and crevices and shall be easily accessible 
for cleaning, either when in an assembled posi

tion or when removed. Removable parts shall 

· be readily demountable. Panels or doors shall 

be provided to allow easy access for cleaning of 

non-product areas of the equipment. They shall 

be constructed in a manner that will prevent air 

entrance. Use of hinges, wing nuts , latches, and 

similar easy-opening fastening devices are recom

mended to allow easy access without special 

tools. 

0.9 
Gaskets and Gasket Grooves on Product Contact 

Surfaces: Gaskets shall be removable or perman

ently bonded. Gasket retaining grooves for remov

able gaskets, if provided, shall be no deeper than 
their width. The minimum radius of any internal 

angle in a gasket retaining groove shall be not 

less than 1/ 8 inch, except that a 3/ 32 inch radius 

is permissible where a standard 1/4 inch 0 -Ring 

is to be used. Use of gasket positioning grooves 

·or pins, premolded fitted gaskets or gaskets cut 

from sheet material are recommended. 

0.10 
\Vhen a fan is installed on the downstream side 

of the intake air filter, it shall be designed and in

stalled in a manner to preclude entrance of air 

contaminants. 

0 .11 
Fans of the air foil type shall be constructed with 

blade cavities sealed. 

0.12 
Any bearing having a product contact surface 

shall be of a non-lubricated type. Lubricated 

bearings shall be located outside the product con

tact surface with at least 1 inch clearance between 

the bearing and any product contact surface to 

assure ( 1) that the product does not contact the 

bearing or lubricant and ( 2) lubricants and/or 

product do not build up between the bearing 
and any product contact surface. vVhen a shaft 

or cable passes through a product contact surface, 
the portion of the opening surrounding the shaft 

or cable shall be protected to prevent the en
trance of contaminants. · 

0.13 

When the exhausts of collectors are connected to 

the bottom of a plenum whose entire construction 

does not conform to the criteria for product con

tact surfaces, ( 1 ) the top of the plenum shall be 

constructed so as to conform to product c,ontact 
surface criteria and ( 2) the collector exhaus't con

nections shall extend upward into the plenum at 

leas t 6 inches. This provision does not apply to 
cloth collector bags. 

0.14 

E. 

A self-closing head shall be install ed at the termi
nal (11d of all exhaust to atmosphere ducts. 

A IR SUPPLY FOR DRYING SYSTEMS 

E.1 

The location and nature of adjacent structures 

and the variat~ons of wind and weather shall be 
considered in se-lecting the location of the air 

supply intake opemng whether inside or outside 

a building. It shall be so located that it wifl 

reasonably insure that the character of the intake 
air will be suitable for its intended use. 

E.2 

Outside intake 0jJenings shall be suitably pro

tected against the admission of all foreign ob

j ~ cts. Openings should be provided with louvers 

which can be closed when processing equipment 

is not in use. Hoods should be used over these 
openings to minimize the intake of rain, snow, 

dust or other foreign material. Openings shall 

b e equipped with sturdy screens having openings 
not larger than 3/ 4 inch in any dimension. 

E.3 

The air supply system and/ or ducting shall be 
such that all of the air is caused to pass through 

air - filters properly installed before coming in 

contact with product contact surfaces of the 
drying system. 

E.3.1 

Processing air which will be heated before pro

duct contact shall be passed through a properly 

installed and maintained filter ( s), selected to have 

a minimum average efficiency of 90% when tes t- · 

eel in accordance with the ASHRAE Synthetic 

Dust Arrestance Tes t• when operated at its de

sign face velocity. 

E.3.2 
Processing air which will not be heated before 

product contact shall be passed through a prop-

6The method of making these tests will Le found in the fol

lowing reference : Method of Testing Air Cleaning Devices, 

ASHRAE Standard 52-68. Available" from The American 

Society of H eating, Refrigerating and Air-Conditioning En

gineers, Inc., 345 E . 47th Street, New York, New York 10017. 

( .. 
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erly installed and maintained filter ( s), selected 
to have a minimum average efficiency of 85% 
when tested in accordance with the ASHRAE 
Atmospheric Dust Spot Method" when operated 
at its design face velocity. 

A PPENDIX 

PRODUC T CONTACT SURFACE MATERIALS 

F.l 

G. 

Stainless steel conforming to the applicable com
posit~on ranges established by AISP for wrought 
proqucts, or by ACP for cast products , should be 
considered in compliance with the requirements 
of Section C.2 herein. \ iVhere welding is involved 
the carbon content of the stainless steel should 
not exceed 0.08%. The fiTst reference cited in C.2 
sets forth the chemical ranges and limits of ac
ceptable stainless steels of the 300 series. Cast 
grades of stainless steel corresponding to types 
303, 304, and 316 are designated CF-16F, CF-8 
and CF-8M, respectively. These cast grades are 
covered by ASTM7 Specifications A-296-68 and 
A351-70. 

CLEAN ING AND SANITIZING PROCEDURES 
A cleaning and sanitizing regimen which is ef
fective shall be employed . A description of this 
regimen shall be available at the drying plant. 
Because of the possibilities of corrosion, the rec
ommendations of the cleaning compound manu
facturer shall be followed with respect to the time, 
temperature, and the concentration of specific de
tergents and sanitizing agents . To insure proper 
strength of solution and to avoid corrosion, the 
detergent or sanitizer shall be completely dissolv
ed or dispersed prior to use. 
The following is adapted from "Special Sanitation 
Suggestions for Dry Milk Manufacturers" avail
able from American Dry Milk Instih1te, 130 N. 
Franklin Sh·eet, Chicago, Ill. 60606, ADMI Hand
book No. 917. 

G.l 
High Pressum Supply Pump, Milk Lines and 
Spray Devices 

G.l.l 
As soon as possible after the drier is shut down, 
remove the spray nozzles from · chamber and place 
the nozzles in the solution tank. Direct the high 
pressure lines and/ or nozzle pipes to the solu
tion tank. 

7Available from American Society for Te>ting & Materials, 
1916 Race St., Philadelphia, Pa . 19103. 

G.1.2 

Remove and manually clean the line through 
which product is conducted from the high pres
sure regulating valve at the outlet of the high 
pressure pJimp to the inlet of the pump. Hook 
up the lines for the complete recirculating circuit 
including the preheater, high pressure or supply 
pump and high pressure lines . Do not put oper
ating pressure on high pressure pump during rins
ing and cleaning. 

G.1.3 

Using clear water at 110-ll5°F flush the entire 
circuit until rinse water is clear. Rinse water 
should go directly to the drain. 

G.1.4 

After rinsing, add enough water to the solution 
tank to avoid sucking air into lines during circula
tion. Slowly add an alkaline cleaning compound 
in the amount specified by the supplier. Circu
late this solution for the length of time and at the 
tempera ture recommended by the cleaning com
pound manufacturer. To assure full flow through 
a multiple spray pipe system it may be necessary 
to circulate groups of pipes, valves and nozzl e 
pipes alt~rnately. 

G.l.S 
Rinse the alkaline cleaning solution thoroughly 
from the system and refill circuit with warm 
water. 

G.1.6 

Add an acid cleaning solution to the solution tank 
according to the cleaning compound manufactur
er's direction. Circulate for the time and at the 
temperature recommended by the manufacturer 
of the cleaning compound. After completion of 
cleaning, completely rinse the acid cleaning solu
tion from the system. 

G.1.7 

Disassemble the high pressure pump and check 
the entire sys tem for effectiveness of cleaning. 
Allow the high pressure pump to dry before re
assembly. 

G.1.8 

\ 'Vhen paper gaskets are used in the preheater or 
anywhere in the circuit they must ·be · changed 
daily. 

G.1.9 
Immediately prior to reuse of eq uipment, circl,l
late a santitizing solution through system for 5 
minutes and then discharge it to the drain . 

G.1.10 
Circulation time, temperatuTe _and · strength · o.f 
cleaning solutions may vary according to amount 
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of milk processed, temperatures used and water 

conditions in a parti cular plant . 
G.l.ll 

H. 

I. 

1.1 

Be sure to check spray nozzles daily for cleanliness 

and wear of cores, orifices, spinning devices, etc. 

GAS BURN ER MAINTENANCE 
It is essential that burners and their controls oper

ate properly to produce a good quality product, 
and for the prevention of fir es. It is suggested 

that burners be cleaned at leas t three times a year. 

If burners are extremely dirty, it is suggested that 

burners be removed and cleaned in' the shop or 

other area away from the drier. 

If in doubt about the operation of th e burner, the 

drier manufacturer or a qualified service man 

recommended by him should be consulted . 
At least once a year the burner and conh·ols should 

be serviced by the manufacturer or a service man 

recommended by him. 

SANITARY ATTIR E AND CLEANI NG AP

PLIANCES 

vVhen it is necessary to enter the drier for cleaning: 

1.1.1 
The cleanup crew should be furnish ed with fresh

ly laundered outer clothing and cleaned and sani

tized multiple use or single service boots to wear 

while in the drier. 

1.1.2 
A suitable place should be provided for the stor

age of laundered outer clothing, cleaned and sani 

tized boots, unused single service items and clean

ing tools and appliances. 

1.1.3 
A clean place should be provided adjacent to the 
point of enh·y to the drier which provides ( 1 ) an 

area to which the clean outer clothing, can be 

canied, ( 2) an area in which, if required, outer 

clothing can be removed and stored, ( 3) an area 

in which the clean outer clothing and boots for 

use in the drier can be donned and ( 4) a clean 

floor (for example, a covering of clean paper ) to 

maintain the cleanliness of the boots. 

1.1.4 

1.2 

Garments and boots worn for interior drier clean

ing should be worn only while cleaning the drier 

and not while performing other tasks. Boots that 

have been worn while walking outside the drier 

should be replaced with other suitable boots be
fore re-entering the drier . 

Cleaning tools and appliances that are used in 

the drier should be kept clean and used for no 

other pmpose than cleaning the interior of the 
drier. 

These Practices shall become effective March 14, 1972. 

NUTRITION EDUCATION 

The American Dietetic Association and National 

Dairy Council are cooperating in a nutrition educa

tion effort to inform American consumers about good 

eating habits. 

A series of eight educational messages are avail

able to all dairy processors and handlers natiomvide 

for imprinting on side panels of milk cartons. En

titled "Nuh·ition F acts from National D airy Council 

and the American Dietetic Association" the illustrat

ed panel art and copy tell consumers about the im

portance of a well-balanced diet selected daily from 

the four food groups. Also, the functions of certain 

nutrients are · explained and foods containing these 

nub·ients are listed. 

In a meeting between Mrs. Marjorie M. Donnelly, 

ADA President and Dr. M. F. Brink, NDC President, 

both agreed that this joint program could go a long 

way in "helping all Americans better understand the 

inter-relationships of all foods , and help them apply 

this knowledge to their daily living." 

According to Dr. Brink, "If all of America's dairy 

processors cooperate by imprinting these educational 

messages on milk cartons there is a potential of more 

than 50 million impression daily with fam ily mem

bers in their homes across the country." 

, 
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BACTERIOLOGICAL TESTING OF RAW 
MILK AND DAIRY PRODUCTS'·. 

GEORGE VI. R EINBOLD 

Department of Food Technology 

Iowa State Uni.versity 
Ames, Iowa 50010 

ABSTRACT 

Bacteriological testin g of raw milk and processed dairy 

products is not adequate for public health and quality control 

purposes. Bacteriological t est results are not highly correlated 

with fann production conditions. Routine bacterial quality 

control tests are not always adequate for recovery of micro

organisms injured during processing. Present systems and 

trends are discussed. 

Sanitarians are more and more frequently asking the 

question, "Is bacteriological testing of raw milk and 

dairy products still adequate?" In reply a little al

legory vvould be appropriate. According to Greek 

mythology, Pandora was the first woman on earth. 

She had or had found a jar, the so-called "Pandora's 

box" containing, according to a later version of the 

fable, an assortment of bless ings for the human race. 

·when the jar was opened through curiosity, all es

caped except the blessing of hope, which has sur

vived over the long years . This analogy is admitted

ly sh·ained ; many of us, however, will admit to ap

proaching routine bacteriological tests like Pandora's 

box. The proffered blessings sometimes escape when 

the jar (or should I say, pipette can ister ) is opened. 

But, we still have hope. V/e perform our tes ts with 

the hope that they will be adequate for the purpose 

for which they are being used. 

How often is this hope justified? And, is the im

plication of past adequacy in the question correct? 

Vvere our tests ever h·uly adequate? In a purely 

pedagogic approach , we should advance on this 

question with caution. pin it to a dissecting board, 

and carefull y examine its separate parts . What is 

bacteriological testing today, and what was it yes

terday? \ iVhy do we now p erform these tests; has 

their use changed appreciably from that of yester

year? Are they adequate now; were they really ever 

adequate? · 
If any among us are smart enough to answer the 

first half of each question, -they may not be old 

enough to answer the last half. A sense and appre-

'Joumal Paper No. J-6716 of the Iowa Agriculture and Home 

Economics Experiment Station, Ames, Iowa. Project 1839. 
2Presented at the 57th Annual Meeting of the Intemational 

Association of Milk, Food, and Environmental Sanitarians, Ce

dar Rapids, Iowa, August 17-20, 1970. 

,/ 

ciation of history is required at this point. 

Present these questions to a well-trained dairy and 

food technologist and, if his refl exes are intact, he 

will reach for his copy of Standard Methods for th e 

Examinatio-n of Dairy Products. \ iVhy not? Through

out this century, this manual has served as the con

tinuum of knowledge for generations of food tech

nologists. \ iVhat better source have we for answers 

to these questions? 

D EVELOPMENT oF STANDARD ME-moDs 

Sixty-five ·years ago, Professor S. C. Prescott re

ported mi. .,'The eed for Uniform Methods in the 

Sanitary Examination of · Milk" at a meeting of the 

Laboratory Section of the American Public Health 

Association. He stated that differences in composi

tion of culture media, variation in methods, dilution 

amount, time and temperature of incubation, ai1d 

other factors made results from different laboratories 

valueless for comparison. As so frequently happen·s 

when someone speaks out, these comments got him 

appointed as chairman of a committee to study the 

existing methods and techniques used in bacterio

logical examination of milk (.3). Replies to a circular 

letter indicated, as Professor Prescott had aheady 

expressed, wide variations on most important pro

cedmal points. This, then, was the birth of Standard 

Methods for the Exmnination of Dairy Products. 

After 2 years of committee work, a "Preliminary 

Statement by the Committee on Standard Methods 

of Bacterial Analysis" (1 ) was issued . Members of 

the committee were both modest and farsighted 

enough to state that "much work yet remains to be 

don e on many important points." They also remark

ed that "There is no method known by which the 

exact number of bacteria in a sample ·of milk may 

be determined, and even when the best methods are 

used, the count is always less than the actual number 

of bacteria present ... . " They justified this state

ment by offering the foll owing reasons: the pres~nce 

of adhesive membranes between clumps and cliains 

of cells, various nutritional requirements betvveen 

species and races, optimal temperature differences, 

oxygGn requirements, growth rates, antagonism to

ward growth in close proximity to contiguous col-
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onies ( 200 colonies per plate was then considered the 
limit ), the presence of "spreaders" and molds, and, 
finally, that storage of milk at 34 F for various pe
riods or holding it in dilution water for several hours 
while plating would have a deterent effect upon 
colony deve)opment. 

The conflict between the philosophy of total counts 
versus a Standard Plate count must have been of 
concern even then since the committee promised that 
"much . work will be done on comparison of 37 C and 
'room temperature' during the coming year." The 
committee was unwilling to recommend a numerical 
standm·d for leucocyte counts, but did regard high 
cell counts in milk with suspicion. As indicator or
ganisms, long-chained sh·eptococci (showing inflam
matory reactions), gas-producers (careless handling) , 
and Bactedu.rn coli (dirty stables, cows, and vessels ) 
were used . 

In 1908, with only one member change in the com
mittee of six, another progress report (2) was present
ed at the annual American Public Health Association 
meeting. The committee deemed it wisest not to 
make final recommendations. They were unable to 
decide b etween 48-hr incubation at 37 C or 5-day 
incubation at 21 C as the standard time-temperature 
combination. Consequently, use of either combination 
was deemed acceptable. vve· now know that the 
latter combination is most productive for colony for
mation. The microscopic estimate of bacteria in milk 
was categorized as useful as a preliminary test. 
Examination of milk for B. coli (Escherichia coli ) 
l~ad become a routine procedure in some laboratories; 
the number of E. coli present seeming to some de
gree to certain workers a more exact index to care 
of production than was the total bacterial count. The 
Wisconsin Curd test was no longer considered a sure 
test for the presence of fecal matter . 

The first edition 
)n 1909, the sam~ committee (3), noting that its 

twb previous preliminary reports had been favorably 
received, submitted a final repmt. This report, now 
considered the first edition of Standard Methods, was 
practically a restatement of the previous tentative 
proposals. In conh·ast to the preliminary reports, 
however, the 1909 report specifically stated that a 
count of 100,000 bacteria per cubic centimeter within 
a few hours after production indicated that the milk 
was seriously contaminated. After 24 to 36 hr, a count 
of this magnitude would indicate "ordinarily good 
care." They also stated that a leucocyte content of 
500,000 or over per cubic centimeter, especially in 
mixed milk, should be regarded as suggestive of some 
inflflmmatory condition of the udder. 

The second edition 
The second edition ( 4), published in report form 

in 1916, was greatly reduced in size, occupying only 
10 journal pages compared with 30 pages in the pre
ceding edition . This edition is noteworthy for its 
statement that bacteriological analysis of milk is te
quired for routine and research purposes. This, of 
course, is so obvious to us now that our natural re
action is to wonder why it was not so evident then. 
The continuing demand for mo~e rapid methods prob
ably was responsible for the elimination of the total 
count determined by 5-day incubation at 21 C as a 
standard method. Although this edition pointed out 
that, in general, interpretation of the routine bac
teriological analysis of market milk depends upon the 
history of the milk, it did give a few significant con
clusions . For example, with properly cleaned and 
sterilized equipment and proper care in tl1e farm and 
dairy, counts may easily be brought down to 5,000/ 
cc. Bacterial counts over 50,000/ cc witl1in 5 to 7 hr 
after milking indicate that the milk has not been ' 
"properly guarded." Twenty-four hours from the 
cow, the bacterial number of the milk should not be 
over 100,000 in winter or 200,000 in summer; after 
48 hr, the count should not exceed 1,000,000/ cc. The 
microscopic count had not yet been recommended as 
a standard method, but it was recognized as an ex
tremely useful method for rapid grading. The first 
hint of a supposed relationship between results of 
routine bacteriological analysis and public health ap
pear in the concluding remark that, through micro
scopic examination of milk the farmer could elimin-
ate from his herds those cows that were discharging 
large numbers of streptococci. The milk supply thus 
could be protected "from this type of organisms that 
are today recognized as suspicious and decidedly un
desirable." 

The third edition 
After an interval of 5 years, the 3rd edition (5) was 

published in 1921. There must have been a consider
able amount of infighting by the entire field going 
on during this time because the committee offered a 
ratl1er lengthy explanation in defense of shorter agar 
plate incubation periods. By this time, numerous in
vestigations had shown that higher counts could be 
obtained by including various nutrients in the plat
ing medium or by prolonged incubation. The Stand
ard Plate count method was preferred, however, as 
furnishing an artificial means by which different lab
oratories could get reasonably accurate comp :1rative 
results. Just why b etter media or longer incubation 
periods would not have yielded comparable counts 
in different laboratories was not explained. The 
authors correctly stated that neither the ordinary bac
terial analysis nor the sediment test, which had been 
included in this edition, would reveal tlle presence of 
pathogenic bacteria. Through studies comparing eli-
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rect microscopic and plate counts, data had been 
gathered showing that agar plate counts were suf
ficiently accurate to justify their use in grading milk. 
By then, much of the uncertainty regarding the justi
fication of their use had disappeared. Historically, 
however, workers h ad previously been uncertain of 
the value of the agar plate count in quality control 
work. Without fanfare or explanation, the agar plate 
incubation temperature was raised to 37.5 C. 

At this time, reporting procedures were changed. 
No longer was it correct to rep ort "number of bac
teria per cc", but instead, the phrase "official plate 
count" followed by a number rounded to two signi
ficant left-hand digits was to be used. This, of course, 
was recognition of the es timate nature of the agar 
plate cotmt. 

The fourth edition 
Only 2 years later in 1923, the 4th edition (6) of 

Standard Methods appeared. Rapid development in 
the use of laboratory methods for controlling milk 
quality made this repeat performance necessary. Since 
milk quality control was such a quickly expanding 
fi eld, testing emphasis was still placed upon speed, 
reproducibility b enveen laboratories, and reasonable 
accuracy or recovery. More refined techniques were 
not deemed necessary at this time. This still-early 
edition noted the coming of age of the reductase test 
( then referring specifically to the methylene blue re
duction test ). It was clearly recognized that exact 
agreement benveen reduction time and plate counts 
should not be e~:pected , but that this method could 
rapidly detect poor-quality milk. The Fros t "~ittle 
Plate" or microscopic colony count also was mtro
duced as a provisional method with the emphasis 

; again placed upon speed of gathering data. ~nee 
more, it was recognized that counts thus obtamed 
would not agree with those of the standard method. 
There is no mention of the use of E. coli or other 
coliforms as indicator organisms in either the 3rd or 
4th edition, although their use had been discussed 
previously. 

The fifth edition 
The 5th edition (7), vvhich did not appear until 

1927, again stressed the necessity of moderate ac
curacy combined with . a rapid and relatively inex
pensive technique for obtaining bacterial es timates. 
The same phrases for justifica tion of this approach as 
used in the preceding editions were repeated. Re
finement of the direct microscopic count and the 
methylene blue reduction test had oc~urred to ~u~h 
an extent that they were now recogmzed as ofhcwl 
procedures in this 5th edition. The agar-pla_te in
cubation temperature was lowered to 37 C w1th no 
connnent. Reinstatement of coliforms as indicator 

organisms, however, did not yet occur. 

The si:\:th edition 
The next edition (8), in 1934, did adopt the coliforni 

count as a tentative procedure, stating that the coli
form count and the total count provided essentially 
the same information when applied to fresh raw milk. 
Perhaps the most significant cl1anges or shifts in em
phasis in this edition were the inclusion of the coli
form count and the formal recognition of "th ermophi~ 
lie, psychrophilic, saccharophilic, and other types of 
bacteria that do not develop readily on Standard agar 
at 37 C." Increasing attention to specific requir~
ments for testing dairy products other than raw _ milk 
was indicated by inclusion of n section on the bac
teriological study of ice cream. · 

The seventh edit·ion 
The 7th edition (9), in 1939, plainly refl ects the re

fin ement induced by years of experience in guality 
control of dairy products. Testing for pathogenic 
and indicator organisms is discussed in considerable 
detail. D etermination of yeasts and molds in butter 
appears for the first time. The agar plate counts . 
direct microscopic count, methylene blue reduction 
method, and the sediment test are describf d at great 
length . A standard agar of an improved formula 
con taining dextrose, lactose and · other milk solids; 
and a diges ted casein peptone was adopted. 

Lest we seem to be sh·aying from the subject, may 
I remind you that we are trying to decide if bac
teriological testing of raw milk and dairy products 
ever was or is still adequate. Consider that, in 1910, 
i t was estimated that about 50,000 samples of milk 
were examined annually by the agar pla te me thod . 
In 1939, only about h alfway through our historical 
review, millions of samples of milk were being an
alyzed by this method. Yet this same year, the state
ment was made (9) that "Even with all of this work 
only a small part of the fluid milk supplies of the 
United States and Canada receives more than a 
cursory laboratory examination during each year." 
Bacteriological testing techniques and total applica
tion of these techniques were not adequate, yet the 
United States was rapidly making tremendous strides 
in advancing quality and safety of its dairy products. 
It must be evident that a test need not be complete 
or without fault to be helpful and that bacteriological 
tes ting alone is not the final answer to quali~ c?n
trol, especially of raw milk. Good field work IS rm
perative. 

The eiohth and ninth editions 
In 1g39 tolerances in incubation time and · tem

perature ,,~ere introduced; i.e., ~8 hr -+- 3 hr a~ ·-2·5 to: 
37 C. The 8th edition (10), m 1941, was fus; to 
recognize optional agar-pla te incubation at 3~ C. 
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The number of pages in Standard Methods increased 

from 190 to 288, primarily by the inclusion of 70 

pages of instructions for the microbiological exam

ination of frozen desserts . 
A glaring need for further analytical and standard 

methods was corrected in 1948 in the 9th edition (11) 

by addition of microbiological methods to study but

ter and cheese. The resazurin test and optional agar

plate incubation at 32 or 35 C also were introduced. 

After years of stating that total counts were not es

sential or necessary but that speed and reasonable 

accuracy were what mattered, the explanation for 

the reduction in incubation temperature seemed sud

denly incongruous. "In order to minimize variations 

in plate counts due to unavoidable fluctu ations in in

cubation temperatures and to make the count more 

uniformly indicative of the total bacterial content, 

plates should be incubated at 32 C, as recommended 

preferentially in Standard Methods since 1941. The 

counts on milks of good quality are not greatly af

fected 'by incubation at the lower temperature, but in 

the cases of milks having higher bacterial content, 

incubation at 32 C will more nearly reflect the actual 

bacterial densities in such products . The feasibility 

of using 32 C in a practical program for quality con

trol of milk supplies has been shown repeatedly." 

How long will it take us to revert back to the progress 

report of 1908 in which a 5-day incubation period at 

21 C was deemed acceptable? To further underline 

th~ evident inadequacy of the current tes ts, we note 

the introduction of the laboratory pasteurization tes t 

with its accompanying explanation. " one of the 

commonly used bacteriological tests is capable of de

tecting the presence of thermoduric bacteria in raw 

milk. . . . . it was concluded that laboratory pas

teurization is the one tes t that determines compliance 

of the milk both before and after pasteurization." · Up 

to a point, this is a true statement, but the laboratory 

pasteurization tests consists of two platings- one be

fore and one after 'pasteurization of the milk. 

Th e tenth edition 
The primary aim of the committee responsible for 

publication of the lOth edition of Standard Methods 

in 1953 (12) was to promote uniformity of arrange

ment and style of presentation by using a simple 

cross-reference system and a more complete method 

of indexing. 'some historical matter was sacrificed, 

and the trend' toward ever-increasing size of the 

manual was reversed by elimination of 28 pages. 

Other changes included recognition of two milk-free 

media of different composition with total colony pro

ductivity indistinguishable from the previous standard 

medium and the · inh·oduction of improved staining 

procedures for the direct microscopic counting meth

od. 

The eleventh edition 
The 11th edition (13), in 1960, incorporated a great 

numb::r of changes in bacteriological testing tech

niques, all of "vhich may be interpreted, perhaps,l as 

refl ecting an ever-increasing awareness of the inh·i

cacies and inadequacies of testing methods. A test 

was provided for determination of toxicity of distilled 

water as well as a "three out of five" averaging meth

od for bacterial counts. Revisions of material on the 

direct microscopic count, and enumeration methods 

for psychrophilic, thermophilic, thermoduric, patho

genic, and coliform bacteria were included. Allow

ances for optional incubation of coliform test media 

at 32 as well as at 35 C were made. In addition to 

this material, a sad commentary on a sort of progress 

may be read into the inclusion of discussions of radio

activity and tests for the detection of antibiotics in 

milk. Examination procedures for concentrated and 

cultured products were presented in this edition. 

The twelfth edition 
The basic philosophy underlying the development 

of the 12th edition (14) in 1967, was to refuse to allow 

introduction of any new method or modification un

less it had undergone careful comparative testing 

with the data available to all interested parties . Sever

al important changes emerged from these years of 

work and discussion, notably : the selection of 32 C 

as the incubation temperature for both the agar plate 

count and the coliform count (culminating, for at 

least a few years, the long downward h·end in plate 

incubation temperatures ), shortening the incubation 

period for Standard Plate counts on dry milk from 72 

to 48 hr (a questionable decision ), and · determining 

psychrophilic bacteria counts at 7 C -+- 1 C for 10 

days instead of 5-7 C for 7-10 days (15) ( thereby end

ing this use of a bacteriological blank check) . 

The thirteenth edit·ion 
Plans for publication of the 13th edition are now 

well under way, but it is too early to state with cer

tainty the changes that may be introduced . Major 

changes in time and temperature of agar plate incu 

bation, however, are not likely at this time. 

By now it should be clear that our bacteriological 

tes ting procedures have never been considered com

pletely adequate for the job of quality control. If 
they had been, field work could have been eliminated 

years ago, and quality control could have centered 

on routine laboratory analysis of gathered milk sam

ples. 

FuTURE NEEDS 

W e hear and, in turn, talk a' 1ot about the change 

from handling milk in cans to bulk tanks invalidating 

the usefulness of our test procedures. Since we will 
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not decrease the efficiency of our refrigeration nor 
go back to collecting milk in 10-gallon cans, what 
should now be done? 

It is unlikely that any test or series of tests will ever 
be devised that will tell all that should be known 
about the past l1istory of a sample of milk. There is 
yet no substitute in sight for complete field service. 
For a complete discussion of this subject, read the 
papers by Hartley et al. (16, 18), "Bacteriological 
methods for evaluation of raw milk quality. A re
view. I. Us~ of bacterial tests to evaluate production 
conditions, and II. Bacterial tests used to measure 
milk quality." These reviews reiterate the statement 
that no single test will accurately reflect farm pro
duction conditions . This, of course, will not and 
should not stop further investigation into the develop
ment of new tests and refinement of old tests for 
quality control purposes. 

For those readers with a special interest in this sub
ject, a series of four discussions on bacteriological 
testing of raw and pasteurized milk for regulatory 
purposes appeared in April, 1971 in the Journal of 
Milk and Food Technology. These papers ru:e the re
sult of a symposium, chaired by Dr. R. B. Reed, Jr. 
and given at the 1970 annual meeting of the Ameri
can Dairy Science Association at Gainesville, Florida. 

Today we have reviewed the history of bacteriolo
gical testing of milk and dairy products in the United 
States since 1905 through the changes made in Stand
ard Methods. We have attempted to indicate that 
our methods probably never have been completely 
adequate, but we have made them work. Now, it 
may be possible to predict what will happen in the 
future from what we have seen in the past. Agar
plate incubation temperatures have edged cautiously 
downward from 37.5 C to 32 C. We have stopped 
stressing speed, partial recovery, and reasonable ac
CtU'acy of plate counts to edge closer to a concept of 
as complete recovery of microorganisms as possible, 
a sort of Total Standard Plate count. Our interest 
in thermophilic bacteria waned as our processing pro
cedures changed; we then became more concerned 
with the presence of thermoduric mesophiles. In due 
course, the psychrotolerant bacteria emerged as the 
most important type present. Now, our interest seems 
to be sensibly broad~ning to include concern over 
more complete recovery of injured microorganisms. 

Two recent issues of the Journal of Milk and Food 
Technology contain excellent discussions of the pres
ent status of knowledge in this area. Reference is 
made to "Selective culture of spoilage and indicator 
organisms" by M. L. Speck (21) and "Current develop
ments in detection of microorganisms in foods: In
flu ence of environmental factors on detection meth
ods" by Z. John Ordal (20). 

V/e perform bacteriological tests to assure com
pliance with regulatory demands and to monitor at
tempts to prevent microbial spoilage. Both uses 
would seem to require as complete an enumeration of 
all viable organisms as could be achieved. Since, 
under favorable conditions. cellular injury is rapidly 
repaired , total counts of both injured and healthy 
cells are more useful than counts of only healthy cells . 
In other words. milk pasteurized and held at a low 
temperature (two sources of injury) might yield a de
ceptively low count, not indicating what could happen 
if the milk were inadvertently stored at a favorable 
growth temperature. 

To keep our food safe, we h·y to limit initial bac
terial contamination, then we eliminate as many of 
the contaminants possible by doing them physical 
violence (appropriate corrective heat or other treat
ment) , and, finally, we try to prevent recontamination 
and suppress growth. These processes imply the de
velopment of specific flora and introduction of cellu
lar stress and injury. These factors make it neces
sary to enhance colony productivity in both routine 
tes ting (as in the Standard Plate count and so called 
total counts ) and special tes ting for indicator or
ganisms with selective media ( fr equently inhibitory 
to even healthy cells). 

Starting with raw milk, there does not seem to be 
any special , select group of microorganisms that can 
serve as an index of production conditions on dairy 
farms (16, 18, 19). Granted, some groups, such as: 
gram-negative; oxidase-positive; thermoduric; sodium 
desoxycholate, crystal violet, and psychrotolerant or
ganisms have been used with some degree of success, 
but it still is probably better to rely on recovery · of 
the maximum number of microorganisms as a partial 
measure of farm sanitation. 

Much work has been done on the effects of media 
and incubation temperature on the recovery of micro
organisms from both raw and pasteurized milk. One 
of the most recent of these studies was undertaken 
by Hartley et al. (17). They compared Standard 
Methods and Eugonagar at 7, 21, 28, and 32 C in
cubation temperatures for 10, 5, 4, and 2 days, re
spectively, using raw manufacturing grade, raw grade
A, and pasteurized milk. Incubation at 28 C for 4 
days was the optimum time-temperature combination 
in their sh1dy. Differences between means of some 
of these counts may not seem great, but they were 
statistically significant. Data were presented as 
means; the individual count differences in some .sam!J 
ples were much more dramatic. To some, the state~ 
ment that a seemingly small difference of means·c.car.-' 
ries statistical significance is like the proverbial wav-·· 
ing of a red flag in front of a bull. It may be statis
tically significant, yes, but is it commercially signm-
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cant? If manipulation of agar plate pH and time 

and temperature of incubation enhance recovery of 

injured or fastidious or slow-growing microorganisms 

from a product, and if the media yielding the hi<2;hest 

count generally produce the largest and most eas ily 

discernible colonies, then commercial significance is 

assured. 
Studies by Thomas et al. (22. 23, 24) point out the 

insufficiency of the Standard Plate count for recovery 

of injured microorganisms . Of agar plate incubation 

temperatures of 35, 32, 28, and 21, incubation at 

28 C for 4 days vras found, on the average, to be the 

optimum for determining the maximum bacterial 

population of pasteurized milk. The mean thermo

duric colony counts obtained after 2 days of incuba

tion at 32 C were only 73.7% of the mean count ob

tained ·after 4 days at 28 C. The pH and type of 

bacteriological peptone used in the plating medium 

ii1fluenced colony size as well as count. Thermoduric 

cultures of Arthrobacter, Micrococcits, and Streptococ

cus species grew over a much wider cultural range 

before, than after, laboratory pasteurization. These 

genera may be missed by plating at 32 C on an un

favorable medium. 
Plate counts of heated vegetative cells and spores 

of Bacillus species are higher in complex media than 

they are in media of nutritionally less desirable com

position. Spores that survive heating will germinate 

only if they are given the most favm:able conditions 

for growth and may, in fact, be even more demand

ing than the vegetative cells. This dormancy prob

ably results from destruction of necessary enzymes 

that ai·e reelaborated slowly in ari t~rifavorable en

vironment. 'With present-day processing and stor

age methods, the genera Bacillus ana Clostridium. 

are becoming increasingly important. 

The same plating procedtire is now recomme'nded 

for enumeration of bacteria in raw and pasteurized 

milk, for dry milk, •and for the laboratory pasteuri

zation count. If the Standard Plate count is adeqtiate 

for the enumeration of bacteria in some samples of 

raw milk, it may not serve as well with the flora i1i 

other samples. It certainly is suboptimal fo~ the de

tection of the maxium viable popul.ation of much 

pasteurized milk and could be expected 'to 'be even 

less effi cient with a product such as dry rnilk. . 

In conclusion, bacteriological testing of some dairy 

products is not completely adequate and may never 

be so. It would be desirable to develop me~1ods that 

would give greater enumeration of alLviable micro

organisms in dairy products if possible. Until then, 

we could improve at least the Standard Plate count 

if \\le \vould lower the incubation temperature and 

i11crease incubation 'time. For plating pasteurized 

produ'cts, it would be helpful to raise the pH to 7.5. 
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rinses freely without film 
or residue even in COLD 
WATER. TRY SUD'N. 

TODAY it's free rinsing SUD'N 
for brush and ultra-sonic washing 
of all laboratory glassware, missile 
space components ... used 
wherever the ultimate in cleaning 
is essential ... where anything less 
would be too expensive. 

• Phosphate Free 

• Biodegradable 

• Non Polluting 

, 

ACHIEVE BETTER SANITATION by 
MODERNIZING PLUG VALVES with 

TANACO PLASTIC PLUGS 

SOLID TANACO 
PLASTIC PLUG 
smooth non
porous surfaces 

Body and fittings de
burred and polished. 

Interior body precision 
ground and mated to 
T A NACO PLASTIC PLUG 

Guaranteed Seal! 

Threads chased . 
Bevel seat faced. 

Po rts reamed 
and polished. 

Cleared by FDA, USDA and USPHS 

2825 Benedict Street 
Los Angeles, Calif. 90039 

Phone: (213) 661·1222 
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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 Pennwalt 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 Department, Pennwalt Corporation, 
Three Parkway, Philadelphia, Pa. 19102 

~filE~LT 
CLEANERS & SANITIZERS 



We make service calls-at all hours of the day 
Early in the morning, late at night or at any time 

in between, the Surge serviceman is on call. 

Because keeping dairy equipment operating 

efficiently is his business. 

Like the doctor who gave up house calls, many 

suppliers have given up service. NOT SURGE. 

The nationwide network of Surge dealers is 

oriented toward regular service . They are pre

pared to handle every dairy service need. 

Each year Surge dealers are required to submit 

service reports on all their customers . 1970 

reports have been received on 87 percent of the 

Surge users in the United States and Canada 

, 

and they are still coming in. Surge dealers work 

hard at keeping little problems from growing 

into big ones. 

When an emergency does arise, at any hour of 
the day, the Surge dealer is ready. He has the 

know-how to get milking systems operating. 

But regular service is still the dairyman's best 

investment. It uncovers the little things that are 

costing money in reduced production, longer 

milking times and high mastitis treatment costs. 

It can also help avoid the emergency. You know 

sanitation, Surge knows dairying, let's work 

together to serve dairymen better. 

SURGE ... the accent is on YOU 

~----------~1~URG£) 
BABSON BROS. CO., OAK BROOK, ILLINOIS 

BABSON BROS. CO., (Canada) LTD., PORT CREDIT, ONTARIO 


