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Difference in Injury of Cells of Vibrio parahaemolyticus 
Produced by Heat and Cold Stresses 

in Liquid and Solid Menstrual 1 

CHRISTINA JOST2 and M.G. JOHNSON* 

Departm ents q(Foocl Scien ce and Microbiology. 
Clemson University. Clemson. South Carolina 29631 

(Received for publication November 4, 1977) 

ABSTRACT 

Cells of Vibrio parahaemolyticus were stressed by heat, cold or 
heat-cold treatments of 45 C for 12 h, 0 C for 24 h or both. The five 
menstrua in which cells were stressed were 0.1 M phosphate buffer 

with 3% NaCl (B + 3%), 0.25 - strength Marine Broth (0.25 x MB) 
Trypticase Soy Broth with 3% NaCl (TSB + 3%) and Trypticase Soy 
Agar with 3 or 7% NaCl (TSA + 3% or TSA + 7%). The chill stress 
produced no cell injury, measured as the difference in colony counts in 
TSA+3% and TSA+7%, in the three liquid menstrua but caused more 
than 4logs of cell injury in the solid menstrua compared to-controls. The 
heat stress caused 2.5- and 1.5-log increases in the number of injured 
cells from B + 3% or 0.25 x MB , respectively. Cells heat-stressed in 
TSB + 3%showed no decline in colony counts, but those heat-stressed in 
TSA+7% produced about a 6-log lower colony count. For cells heated 
and then chilled in B+3 %or 0 .25xMB as the liquid menstruum , the per
centages of heat-injured cells that apparently regained tolerance to 7% 
NaCl when shifted to the cold were about 99.7 and 95.0o/o, respectively. 
Conversely, cells that were heated and then chilled in the solid 
menstrua did not regain tolerance to 7% NaCI. Thus, cell injury was 
greater and apparently less easily reversed for cells stressed in solid 
than liquid menstrua. 

The importance of Vibrio parahaemolyticus in 
seafoods and its ability to withstand physical and 
chemical stress has been reviewed (1, 12, 16). Cell 
resistance to heat-stress has been studied (2, 3, 6, 7, 17) 
and the need for protein, ribonucleic acid and 
deoxyribonucleic acid synthesis for repair in heat
stressed cells shown (7). Cell stress due to ionic or osmotic 
changes in media has been postulated for V. para
haemolyticus (2) and reported for Pseudomonas fluore
scens (8). The sensitivity ofthis organism to cold-stress in 
sea water and foods has been widely reported (1, 4-6, 
9-14). However , a comparison of the reports reviewed by 
Beuchat (1) suggests that some strains of this organism 
apparently were more cold-tolerant than others. 

There have been few reports of the effects of a 
combination heat-cold treatment on survival and 
'Technica l contrihution number 1353 o.( the South Carolina 
Agricultural E.\p<'rinwnt Station. Clemson Unh•ersity. Clemson. SC 
2WJ.II 
1Presellf address: Deparrmellt o.( !Jact<'riology. lo11·a State Un iversity. 
Ames. lo11·a 50011. 

growth of this organism . In this study we report the 
effects of heat, cold and a combination of heat-cold' 
stresses of stationary phase cells of V. parahaemolyticus 
8700 in liquid and solid menstrua on the expression of 
cell injury. 

MATERIALS AND METHODS 

V parahaemolyticus strain 8700, serotype 04:Kll was obtained from 
Dr. J. R . Molenda, Laboratory and Research Administration, 
Maryland State Department of Health and Mental Hygiene, Baltimore, 
MD. This organism was isolated in 1971 from a stool specimen of a 
patient in a food infection outbreak where steamed crab was the 
vehicle. (1 5). 

Stock cultu res were prepared by inoculating 9-ml amounts of 
Fishbein Storage medium (2) in 16 x 125 mm screw cap tubes with a 
loopful of a 30-C, statically grown 24-h-old Trypticase Soy Broth 

(Bioquest, Cockeyville , MD with a total of 3% NaCl, TSB+3%) culture 
and incubating the tubes for 24 h at 30 C. These stock cultures were 
stored at room temperature and transferred every 3 months. An 
inoculum was prepared by transferring a loopful of stock culture to SO 
ml of 0 .25-strength Marine Broth (Difco, Detroit , Ml, 0.25 x MB) in a 
160-ml milk dilution bottle and incubating without shak ing for 24 h at 
30 c. 

Stationary phase cells for stress studies were from 50-ml cultures of 
0.25 x MB seeded with 10 ml of inoculum and grown for 8 h at 200 rpm 
and 30 C in 300-ml flasks in a gyratory water bath shaker (New 
Brunswick Model G 76). Cells were harvested and washed twice with 
0.1 M sodium phosphate buffer with 3.0% NaCl (B+3 %) at pH 7.0 by 
centrifugation at 3000 x g for 15 min at room temperature. After stress 
under static condition in B-8 %, 0.25 x MB or TSB-8 % cells were 
enumerated by pour-plating decimal serial dilutions of cells , made in 
B-8 o/o, with Trypticase Soy Agar (Bioquest) containing a total of 3 or 
7% NaCl, w/ v, (TSA+3% or TSA+7%). To stress cells in solid 
menstrua, dilutions of a washed cell suspension were decimally diluted 
in B+ 3% to give 30 to 300 colonies per plate and pour-plated with 
TSA+3% or TSA+7%. Sufficient numbers of replicate plates were 
prepared so that one set could be removed from each of the stress 
treatments and incubated at 30 C for 48 h to determine the number of 
cells showing injury. 

The following temperature stress treatments were applied to cells 
held without stirring or shaking in both solid and liquid menstrua: (a) 
heating at 45 C for 12 h; (b) chilling at 0 C for 24 h; or (c) treatment (a) 
followed by treatment (b). As controls , samples of unstressed cells, from 
the same suspension used for the stress treatment and from the 
homologous menstruum were held at room temperature for no more 
than 30 min and plated just before the stress treatment was started. Each 
dilution of every sample was plated in trip licate . To determine the total 

• 
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viable count , i.e. , the total number of colony forming units in cell 
suspensions before and after stress , the appropriate dilutions were 
plated with TSA + 3%. Plates were incubated at 30 C for 48 h before 
enumeration . 

In contrast to unstressed cells , heat-stressed cells of V. para
haemolyticus that became injured are sensitive to 7"7o NaCl. Thus, 
a cell population of this organism composed of both injured and 
uninjured cells will produce a lower colony count on TSA+7"7o than on 
TSA-r.Jo/o (1 , 2, 7). The difference in colony counts obtained on TSAB"lo 
and TSA+7"7o indicated the fraction of the cell population that became 
sensitive to 7"7o NaCl after the temperature stress and will be referred to 
as the "injured cells" (1). Also, by definition the "total number of viable 
cells" is defined as the plate count obtained on TSA+3"7o (1 , 7). 

RESULTS AND DISCUSSION 
Figures 1-4 are histograms comparing the mean 

colony counts obtained on TSA+3o/o and TSA+7o/o. 
Preliminary experiments (unpublished data) indicated 
that the TSA + 3 o/o medium gave maximal plate counts of 
stressed or unstressed cell suspensions as reported by 
others (2, 7). Thus, the 2.5-log _lower counts obtained 
on TSA + 3 o/o for cell suspensions that received the heat or 
heat-cold treatments, bar B versus bar D, compared to 
the unstressed controls, bar A in Fig. 1 and 2, indicate 
that this fraction of the original cell suspension had 
expired due to the treatment. Compared to unstressed 
controls , the number of survivors determined on 
TSA+3o/o was about 2.5 to 3.0 log cycles lower for the 
heat or heat-cold treatments in any of the three liquid 
menstrua used for stress, B + 3o/o (Fig. 1), 0.25 x MB 
(Fig. 2) or TSB + 3 o/o (Fig. 3). 

Heat induced injury, bar B, was about 4 log cycles in 
. .f B + 3 o/o (Fig. 1), 2.5 logs in 0.25 x MB (Fig. 2) but less than 

0.5 log in TSB + 3 o/o (Fig. 3). Cold-induced injury, bar C, 
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Figure I. Plate counts for V. para haemolyticus cells stressed in 0.1 M 
sodium phosphate buf'(er 11·ith 3% NaCI. pH 7.0. (A). control: (B) , heat 
stress at 45 C for 12 h: (C). cold stress at 0 C for 24 h: and (D). the 
comhination q( heat and cold stresses. Counts are m ean s q( triplicate 
plate counts on TSA +3 % ( 0 ) and TSA+7 % ( tsJ) . 
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Figure 2. Plate coums for V. parahaemolyticus cells stressed in 
0.25 - strength Marin e Broth (A). control: (B). heat stress at 45 C for 
12 h: (C) . cold stress at 0 Cfor 24: and (D). the combination q( heat and 
cold stresses. Cou nts are m eans q( triplicate plate counts on TSA + J o/o ( nJ and TSA +7%( .J . 
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Figu re 3. Plate counts for V. parahaemolyticus cells stressed in 
T1~•pt icase Soy Broth ll'ith 3 % NaC/. (A). control: (B). heat stress at 45 C 
for 12 h: (C). cold stress at 0 Cfor 24 h: and (D). the combination q( 
heat and cold stresses. Counts are m eans o( triplica te plate counts on TSA+.1 % ( 0 )and TSA+7% ( r'\.Q . 

was about 2Iogs in B + 3o/o (Fig. 1), but less than 1log in 
0.25 x MB (Fig. 2) and in TSB + 3 o/o (Fig. 3). The heat-cold 
induced injury, barD, was about 1.0 log in both B + 3o/o 
and 0.25 x MB but less than 0.25 log in TB + 3%. Thus, 
injury caused by the three stress treatments in liquid 
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menstrua followed a general trend, being greatest in 

B+3% (no nutrients available, less in 0.25 x MB 

(intermediate level of nutrients) and least in TSB+3% 

(rich supply of nutrients). 

Concerning the "total viable cell number", there was a 

2.5-log cycle decrease in the number of cells tolerant to 

3 o/o N aCl when cell suspensions were exposed to the heat 

of heat-cold stress treatment in the liquid TSB-B% 

menstruum (Fig. 3). There was virtually no decrease in 

the number of cells tolerant to 3% salt when cell 

suspensions were subjected to these same treatments in 

the corresponding solid TSA+3% medium (Fig. 4). 

Conversely, concerning enumeration of "injured cells," 

in the solid menstruum , TSA, cells exposed to any of the 

three stress treatments showed the same great amount of 

cell injury, about a 5- to 6-log cycle difference (Fig. 4) 

versus less than 1 log for any of the cell populations 

exposed to the same stress treatments in the liquid 

menstruum, TSB, (Fig. 3) which was of the same 

composition as TSA except it lacked agar. 

Comparing cells in liquid studies that were only heated 
versus those that were heated then chilled, barB versus 

bar D, Fig. 1 and 2, the percentages of cells 

heat-stressed in B + 3% or 0.25 x MB that apparently 

regained tolerance to 7%NaCl when held 24 h in the heat 

shock fluid in the cold were about 99.7 and 95.0%, 

respectively. There is at least one plausible explanation 

for the differences observed in the plate counts for bar B 

and bar D data in Fig. 1 and 2. The bar D cells were 

stored in the same menstruum in which they were heated. 

Thus, it is possible there was time for these cells during 

cold storage to reabsorb some essential cell product(s) 

lost by cell leakage during heating. Conversely, for the 

bar B cells there was no time for reabsorption of such cell 

products lost by leakage during stress in the liquid 

menstruum since these stressed cells were plated 

immediately after heating. Thus, the cell products lost by 

leakage, when given time to be reabsorbed, could confer 

on the stressed cells more tolerance to 7% NaCl and the 

ability to produce more colonies on TSA+7%. 

Cell suspensions heated in TSB-B% (barB, Fig. 3) and 

then plated immediately gave the same counts on 

TSA + 3% and TSA + 7%, about 6 logs, as cells heated 

and then stored in the cold in this medium before plating 

(barD, Fig. 3.). These data suggest that the relatively rich 

nutritional composition of the TSB medium was able to 

counteract any adverse heat-induced effects suffered by 

cells in a liquid menstruum. There was no apparent heat 

induced injury in this menstruum , evidenced by there 

being no difference in plate counts obtained with 

TSA + 3% and TSA + 7%. Hence, there was no benefit to 

be gained by the cells from storage in the cold in this rich 

medium before they were plated. 

It is uncertain why more heat-stressed cells recovered 
tolerance to 7% NaCI during cold storage in the liquirJ 

than in the solid menstruum form of the rich medium, 

9 

8 
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> 5 0:: 
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D ' 
Figure 4 . Plate counts for V. parahaemolyticus cells pour-plated 

immediately in triplicate in TSA + Jo/o (D) and TSA + 7o/o ( ISJ) and then 

subjected to stress. (A), the control; (B), heat stress at 45 C for 12 h; (C), 

cold stress at 0 C for 24 h; (/)), the combination of heat and cold 

stresses. 

TSB, Fig. 3 versus 4. One difference in this pair of 

experiments was that during stress there were greater cell 

densities / ml used in the liquid TSB medium studies 

(about 106 to 108/ ml) than in the solid TSA medium 

studies (no more than about 102/ plate or about 10 

cells /ml of agar medium in a plate). Concentrated cell 

suspensions stressed in the liquid TSB menstruum may 

be better able to undergo repair than are more dilute cell 

suspensions stressed in the solid TSA menstruum 
because of the greater protective effect of the 

hypothetically larger concentration of cell products 

released into the menstruum in the former case. These 

data indicate that the cell products lost by leakage 

during stress and essential for cell tolerance to 7% NaCl 

did not easily reenter cells suspended in agar, suggesting 

the product(s) remained trapped in the agar . Also, the 

rich TSA medium itself apparently could not supply the 

factor(s) the cells lost during heat stress and needed to 

regain tolerance to 7%NaCI. 

The observations reported here indicate that more 
consideration needs to be given to the argument that 

sublethal stress and recovery studies with bacterial cells 

of public health significance should be conducted by 

using low densities per ml or g of 101 to 104 (rather than 

10s or more) since these lower densities are the cell 

concentrations at which these pathogens are likely to 

naturally occur in foods. The solid menstruum approach 

suggested here makes poss~ble such studies a_nd provides 
an independent method to judge more uneqUivocably the 

inimical effects of various environmental factors on 

survival and growth of stressed bacterial cells in model 

systems and foods. 
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A~~ 1/6te 
Types of Clostridium perfringens 

Isolated from Selected Foods 1,2 

JOHNT. FRUIN 

Letterman Army Institute of R esearch 
Department ofNutrition, Food Hygiene Division 

Presidio of San Francisco, California 94129 

(Received for publicat ion December 7, 1977) 

ABSTRACT 

To determine the proportion of type A Clostridium peifringens 
occurring among C. perfringens isolates obtained from foods, strains 
were typed by the mouse serum neutralization method. Of 339 isolates 
from ground beef, ground pork, ground turkey, live crab, cured 
sausage, and live clams, 320 (94 %) were type A. The remaining 19 
isolates produced insufficient exotoxin for typing . The predominance of 
type A strains from the foods surveyed indicates that definitive typing 
of strains isolated from these foods, when suspected of causing 
foodborne disease, is not warranted. 

Routine laboratory methods (1, 2, 4) for enumeration 
of Clostridium p erfringens from foods to determine the 
etiology of suspected foodborne disease or to ascertain 
incidence of the bacterium in foods do not include typing 
of the isolates. The possibility exists that strains of C. 
perfringens isolated may be of a type other than type A 
and, therefore, are not capable of causing classical C. 
pe1:{ringens food borne illness. This study was undertaken 
to determine the incidence of type A C. perfringens 
isolated from foods. 

MATERIALS AND METHODS 

C. peifringens strains were isolated in pure culture from foods 
and confirmed by the method outlined in the Bacteriological Analytical 
Manual (1). Before typing, cultures were held in cooked meat medium 
and transferred at monthly intervals . In preparation for typing, 
cultures were transferred to fluid thioglycollate medium daily for 3 days 
and incubated at 37 C. This was followed by three success ive 24-h 
transfers incubated at 37 C in the chopped meat-starch mediu m 

prepared in the manner described by Dowell and Hawkins (3). 

Approximately I ml of the material from the third chopped 
meat-starch cul ture was transferred to a 25 x 200-mm tube containing 
approx im ately 20 g of chopped meat-sta rch medium and incubated at 
37 C. After 7 ± I h the culture fluid was decanted into a sterile 
centrifuge tube. which was centrifuged at 3200 rpm for 20 min . 
Following centrifuga tion, the mouse serum neutralization typing 
procedures of Dowell and Hawkins (.3) were employed . Commercially 
prepared sera and antisera (Wellcome Research Laboratories , 

1 Repri111 reques ts to: Commander, Letterman Army Institute of 
Research. ATTN: M edical R esearch Library, Presidio of San 
Francisco. CA 94129. 
1 Th e opinions or assertions contained herein are the pn'vate views of the 
(11/thors and are not to be construed as official or as reflecting the views 
of the Department of the Army or the Department of Defense. 

Beckenham, England, BRS 3BS) were used. Strains of C. peifringens 
which failed to produce sufficient exotoxin for typing on two trials we; 
considered to be non-typeable. 

RESULTS AND DISCUSSION 

Results of typing 339 strains of C. perfringens isolated 
from six different food items are given in Table 1. A total 
of 19 isolates were classified as non-typeable. However, 
320 definitively typed strains of C. perfringens isolated 
from ground beef, ground pork, ground turkey, live crab , 
cured sausage and live clams were exclusively type A. 

Table 1. Type A isolates of Clostridium perfringens from selected 

foods . 

Number of Number of Number of Percent 
Isolate isolates type A non -typeable type A 
source typed isolates isolates isolates 

Ground beef 152 149 3 98 
Ground pork 82 76 6 93 
Ground turkey 59 56 3 95 
Live crab 29 25 4 86 
Cured sausage 13 10 3 77 
Live clams 4 4 0 100 

TOTAL 339 320 19 94 

A higher proportion of non-typeable strains was 
found in cured sausage than in either ground beef or 
ground pork. In light of the fact that the major 
components of cured sausage are ground beef and 
ground pork, it could be speculated that the natural 
fermentation process may favor survival and growth of C 
perfringens strains low in exotoxin production. The 
overall incidence of C. perfringens isolated from cured 
sausage by this laboratory is considerably lower than that 
found in either ground beef or ground pork. 

The effort and expense required in typing strains of C. 
perfringens isolates from these foods, when incriminated 
in outbreaks of foodborne disease, appears to be 
unwarranted because of the predominance of type A C. 
pe1:{ringens . This is particularly true if epidemiologic 
information is indicative of C.perfringens foodborne 
disease. 



PERFRINGENS TYPES IN FOODS 769 

REFERENCES 

1. Anonymous. 1976. Bacteriological analytical manual for foods. U.S. 
Department of Health, Education, and Welfare. Public Health 
Service, Food and Drug Administration , Division of Microbiology, 
Washington, D.C. 

2. A.O.A.C. 1975. Official methods of analysis. 12th Edition. Assoc. 

Off. Anal. Chern., Washington , D. C. pp. 918-920. 
3. Dowell , V. R. , Jr., and T . M. Hawkins. 1974. Laboratory methods 

in anaerobic bacteriology. CDC Laboratory Manual, Department of 
Health, Education, and Welfare. Publication No. 74-8272. 

4. Speck , M. L., ed. 1976. Compendium of methods for ' the 
microbiological examination of foods. American Public Health 
Assoc., Washington, D.C. 701 p. 

' 

' • 



770 

Jormwl of Food Protection Vol. 41. No. 10, Pages 770-774 (O ctober, 1978) 

Copyright © 1978, International Association of Milk, Food, and Environmental Sanitarians 

Bacteriological Evaluation of Frankfurters 

in the Canadian Retail Market 

C. L. DUITSCHAEVER 

Department of Food Science 
University ofGrrelplr. 

Grr elplr. Ontario. Canada NIG 2WI 

(Received for publication Febru ary II , 1978) 

ABSTRACT 

The bacteriological quality of 180 units of frankfurters , obtained 

from grocery stores in Ontario (Canada) was investigated . About 67% 

of the samples had aerobic plate counts (APC) in the range of 107 
-

109 /g; 48% had APCs in the range of 108-109 /g and APCs of four 

samples exceeded 109/ g. One sample was positive for Staphylococcus 

aureus and three samples contained Escherichia coli. Enterococci 

(< 1000/g) were recovered from 48 samples. Aerobic plate counts of 

cooked frankfurters from snackbars did not exceed 500/ g. Cooking of 

frankfurters for 6.5 min at 90 C resulted in APCs of <100/ g. Neither 

salmonellae nor Clostridium peifringens were isolated. It was 

concluded that temperature abuse following manufacture was mainly 

responsible for the high counts . 

A survey was conducted to determine the bacteriologi

cal quality of frankfurters (wieners) from seven different 

manufacturers sold in grocery stores in Ontario. The 

manufacturing process of these products includes 

smoking and cooking which is capable of destroying a 

large number of bacteria present in the raw emulsion (4, 

5). Surkiewicz et a!. (7) reported aerobic plate counts 

(APC) of raw emulsions ranging from 5 x 104 to 1 x 107 / g 

and APCs of frankfurters at time of manufacture of 

about 20,000 or less /g. Generally, the manufacturers 

recommend a shelf life of about 4 weeks for their 

products when stored at 4 Cor below. 

This report presents results of analyses of 180 samples 

purchased from retail outlets. Frankfurters , cooked and 

sold in the bun by snackbars or cooked in the laboratory 

were also analyzed. 

MAT ERIALS AND METHODS 

Retail size packages (1 80 units) contain ing 12 frankfurters each and 

representing seven different manufacturers , were collected at random 

from II grocery stores during the summer months of 1977. The internal 

temperature of the sausages in the package was determined by 

inserting a thermometer longitudinally to the center of a sausage at 

time of purchase. Samples were transported to the laboratory in an iced 

container and analyzed immediately. Also, a total of 24 cooked 

frankfurters in the bun , but without condiments added , were 

purchased from four snackbars . The frankfurters were removed 

aseptically and placed in sterile plastic bags fo r transport under 

refrigerated conditions. For cooking frankfurters , the Onta rio Food 

Council (6) recommends a cooking time of 5 to 8 min in a waterbath 

maintained at 90 C. In this study, frankfurters with total aerobic plate 

counts of about 1 to 2 x 10' / g were cooked for 6.5 min . A thermiste 

probe was inserted into the center of the sausage and the change in 

temperature recorded with a YSI model47 Scanning Telethermometer. 

Sample preparation 

A 30-g sample from each package, taken from diagonal cross-section 

portions of all sausages in the package, was weighed into a !-liter glass 

blender cup and 270 ml of 0.1 o/o peptone water was added to give a 0.1 

dilution. The sample was blended at high speed for 2 min and serial 

dilutions were prepared in 0.1 o/o peptone water . 

Analyses 
Methods for aerobic plate counts (APC 32 C/48 h) coliforms, 

E scherichia coli, Staphy lococcus aureus , enterococci, salmonellae and 

Clostridium perfringens have been previously described Q). 

RESULTS AND DISCUSSION 

Frankfurters from grocery stores 

Neither salmonellae nor C. perfringens were isolated 

from any of the samples. Although 57 samples (31.7o/o) 

contained coliforms (presumptive, ranging from 2 to 

500/g) , very few were confirmed and only three samples 

were positive for E. coli with 10, 10 and 7 / g for 

manufacturers A, C, and D respectively. One sample 

contained S. aureus (manufacturer D, 170/g) . Table 1 

gives a summary of data on the range of total aerobic 

plate counts and enterococci and the fraction of total 

samples that contained these organisms for each type of 

sample. Enterococci were recovered from 48 (26 .7%) of 

180 samples , but none of the samples contained more 

than 1000 organisms/g. About half of the samples (48 %) 

had aerobic plate counts (APC) in the range of 108 -

109/ g and 118 samples (66 .7%) had APCs in the range of 

107- 109/ g. Four samples (one from manufacturer C, 

one from manufacturer F and two from manufacturer G) 
had APCs of more than 109/ g. These samples were 

purchased 24 , 4, 15, and 14 days, respectively, before the 

expiration date on the package. Thirty-seven samples 

(20.9 % ) had APCs of less than 106/ g. Data in Table 1 and 

Fig. 1 indicate considerable variation in APCs among 

frankfurters of the seven different manufacturers. Only 

samples of manufacturer A had a mean count (APC) 

below an arbitrary standard of 106 organisms/ g. Internal 

' ' 
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TABLE 1. Arbitrary count ranges (aerobic plate count and enterococcz)jor 180 units ojjrankji1rter sausages from seven different ma,ufacturers. 
Manufac Type of No. of units in APC range/ g No. of units in enterococci range/g 

turer sausage No. of 105 1Q5.1Q6 1Q6.1Q7 1Q'r.1Q8 108.109 109 No. of 101. 5 101 102. 5 102 
units• uni ts 5 101 ·102 5 102 .1Q3 

positiveb 

A 

B 

c 

D 

E 

F 

G 

Dutch Treat 
Red hots 
All beef 
Regular 

Subtotal 
o/o 

Regular 
All beef 
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Subtotal 
o/o 

Regular 
All beef 

Subtotal 
o/o 

Regular 
All beef 

Subtotal 
% 

All beef 

Subtotal 
o/o 

Regular 

Subtotal 
o/o 

Regular 

Subtotal 
o/o 

TOTAL 
o/o 

7 
6 
11 
4 

28 

IS 
8 
2 

2S 

17 
7 

24 

14 
11 

26 

26 

26 

25 

2S 

24 

24 

a unit: Package containing 12 frankfurters . 
bLowest dilution plated was 10'1 . 
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3 
4 
2 

13 
46.4 

3 
2 

s 
20 

3 

3 
12 

2 

2 
7.7 

1 
4.2 

24 
13.6 

cResults for APC of three samples had to be discarded. 
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3 2 

1 

4 4 
14.3 14.3 
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4 1 
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3.8 
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2 
8 

1 
4.2 

18 
10.2 

temperatures of frankfurters at time of purchase varied 
from 4 to 14 C. A summary of temperature ranges and 
means for samples purchased from the stores is 
presented in Table 2. The average and range of days 
between date of purchase and suggested final date for 
sale for the samples offrankfurters of each manufacturer 
are given in Table 3. Nine of 180 samples had exceeded 
the suggested final date of sale by 6 to 22 days. The APCs 
for these samples ranged from 9.7 x 107 to 7.8 x 108/g. 
Samples of manufacturer A had the highest average 
number of days (23 days) between date of purchase and 
date of expiration. Frankfurters of this manufacturer 
also showed the better overall quality (60.7% of samples 
had APCs of less than 1 x 106/ g; Table 1). However, 8 of 
11 samples with APCs exceeding 1 x 106/g (Fig. 1) had 
still more than 20 days remaining until the suggested 
final date of sale expired . The age of the sample per seat 
time of purchase seems not to be the most important 
contributing factor to high counts. 
Frankfurters from snackbars 

APCs for frankfurters purchased in the bun from 
snackbars, ranged from less than 100 to 120/ g. The low 
APCs and the failure to isolate coliforms, enterococci, C. 
perfringens, S. aureus and salmonellae indicated 
adequate cooking. 
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Figure I . Total Aerobic Plate Co unt of frankji1rt ers from seven 
dif(erent mam!fi1cturers. • Geom etric m ean, --- Arbitrary standard. 
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TABLE 2. Nrmrberofunits offrankjitrters purchased.from di fferent 
supermarkets and their internal temperature. 

No. of Temperature (C) 

Supermarket units Range Mean 

I 
A" 36 5 - 14 8 .8 

B 30 6 - 12 8 .6 

c 19 7 - 12 8.9 

Sub-tota l 85 

II 19 6- 12 8.4 

Ill 
A 17 8- 11 9 .6 

B 10 8 - 10 9.2 

c 3 8-8 8.0 

Sub-total 30 

IV 
A 17 6- 10 7.9 

B 12 6- 9 7.3 

c II 4- 9 6.5 

D 6 8-8 8.0 

Sub-total 46 

TOTAL !RO 

"A . B. C. and D refers to d iffe rent stores from the same superm arket 
cha in. 

TABLE 3. Average and range q(days between date q( p11rchase and 
suggested_linal date q(sale q/)1-ank/itrtersfor each m anu/itcturer. 

Days betwee n purchase 
No. of and expiration date 

Manuracturer units Range Average 

A 29 14- 33 23 
B 25 I - 23 II " 
c 25 6- 30 t9b 
D 25 2- 28 14c 
E 26 6- 23 16d 
F 25 I - 23 IJe 

G 25 5 - 29 17 

a2 samples exceeded the suggested date of sale by 8 and 13 days. 
respectively. and we re not used to calcu late the average. 
bone sample exceeded the suggested date of sa le by 6 days . 
cone sample exceeded the sugges ted date of sa le by 13 days. 
dTwo sa mples exceeded the suggested date of sa le by 8 and 22 days. 
eThree samples exceeded the suggested date of sale of9, 8 , and 12 days. 

Boiled frankfurters 
It took 6 to 6.5 min for the frankfurters to reach an 

internal temperature of 75 C when held in a water bath 
maintained at 90 C. The gradual increase in internal 
temperature with time of heating is shown in Fig. 2. After 
6.5 min of exposure to heat, the APCs of the frankfurters 
had decreased from about 108/g to less than 100/g. 

The data obtained in this study on the bacteriological 
quality of frankfurters available to the consumer from 
grocery stores showed a considerable variation in counts 
among frankfurters from the different manufacturers . 
Since at time of manufacture an adequate cooking
smoking process reduces the bacterial flora in the raw 
emulsion to negligible levels (7, 8), the high number of 
aerobic bacteria/ g in the samples obtained at retail 
strongly suggests temperature abuse during transpor
tation and retail stocking as being the most important 
contributing factor to high counts. 

There was no apparent relationship between total 
aerobic count and age of the samples; only a knowledge 
of the history of the product could help to explain the 
reason for this erratic behavior. Differences in the level 

and type of viable bacterial populations in the freshly 
packed product could account for the variations 
observed between manufacturers. The meat packer can 
control the number of bacteria in the finished product by 
using raw material of good quality, adequate cooking ' 
and observing sanitary procedures during packaging. • 
He loses much of his direct control , however , once his 
product enters the merchandising channels. Since the ·• 
product is in its final package when it leaves the plant , 
recontamination from subsequent handling is practically 
non-existent. The only mishandling that can occur is 
temperature abuse during transportation and storage at 
the retail level. When fresh frankfurters with initial 
counts of less than 1000/ g were stored at 0-1 C for 30 
days , the shelf life recommended by the manufacturers , 
the population increased to 104-10 5 organisms/ g 
(unpublished data). Similar results were reported by 
Allen and Foster (1) for four types of vacuum-packed 
sliced meat products . Although low temperature control 
at the retail level may have practical limits, the 
advantage of such storage temperature in retard· g 
growth of the bacterial flora is obvious. Frankfurturers 
are not sterile products , they are perishable. There is , 
therefore , no reason why these products should be 
" incubated" at temperatures averaging 8 C (ranging 
from 5 to 14 C) during retailing, even if harmless aciduric 
lactic acid bacteria wou ld constitute the predominant 
microflora. Improvement in the present status of 
bacteriological quality of frankfurters available to the 
consumer, can be achieved by following two simple 
procedures : (a) application of rules of sanitation during 
processing and (b minimizing bacterial proliferation 
during retailing by storage at 0-lC. In the absence of 
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opportunities for the consumer to visually confirm that 
the product was indeed produced and distributed under 

1such conditions , it might be proper to press for a more • 
rigorous enforcement of adequate and uniform national 
legislation on appropriate temperature for the storage 
and retailing of chilled foods. 
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ABSTRACT 

Bisulfite reacted with aflatoxin B, and G1 resulting in their loss of 

fluorescence. The reaction was first order with rate depending on 
bisulfite (or the bisulfite and sulfite) concentration(s). Aflatoxin G1 

reacted more rapidly with bisulfite than did aflatoxin B1. In the 

presence of 0.035 M potassium acid phthalate-NaOH buffer (pH 5.5) 

plus 1.3 % (vol/vol) methanol at 25 C, the· reaction rate constant for 

degradation of aflatoxin G 1 was 2.23 x I0-2h- and that for aflatoxin B1 

was 1.87 x 10"2h. when SO ml of reaction mixture contained 1.60 g of 

K2503 • Besides bisulfite concentrations, temperature influenced 

reaction rates . The Q10 for the bisulfite-aflatoxin reaction was 

approximately 2 while activation energies for degrading aflatoxin B, 

and aflatoxin G1 were 13.1 and 12.6 kcal/mole, respectively. Data 

suggest that treating foods with so to 500 ppm so2 probably would not 

effectively degrade appreciable amounts of aflatoxin. Treating foods 

with 2000 ppm S02 or more and increasing the temperature might 

reduce aflatoxin to an acceptable level. 

Hazards of aflatoxin have been well documented (3, 

11, 20). Ingestion of aflatoxin by a variety of 

experimental animals results in necrosis of their liver and 

may ultimately lead to death . Furthermore, chronic 

exposure of susceptible hosts to aflatoxins may cause 

malignant liver tumors. 

Several investigators have studied various chemicals to 

see if they would degrade and detoxify aflatoxins (8, 15, 

24. 29). However, many chemicals which effectively 

detoxify aflatoxin, are not suitable for use in foods. This 

is true because they may reduce the nutritional quality of 

the food, produce off-flavors and off-odors in the food , or 

leave toxic residues in the food. Hence it would be 

desirable to find a chemical which is an acceptable 

add itive that will also degrade aflatoxin. 

Bisulfite is a highly reactive chemical and an 

acceptable food additive (9, 13, 19, 21). It is commonly 

added to wines, fruit juices, jams, dried fruits, and 

several other food products where bisulfite inhibits 

enzymatic and non-enzymatic browning, acts as an 

antioxidant and reducing agent , and effectively controls 

growth of microorganisms (9, 13, 19, 21). 

Since aflatoxin has been detected in various foods 

including wine (22, 28), it would be useful to know what 

effect, if any, bisulfite has on aflatoxin. This paper 

provides information on degradation of aflatoxi by 

bisulfite at several concentrations and at different 

temperatures. Other aspects and a proposed mechanism 

for degradation of aflatoxin by bisulfite will be reported 

in another paper (6). 

MATERIALS AND METHODS 

Preparation of reaction mixtures 
A series of20 sterile, 300-ml Erlenmeyer flasks stoppered with diSPo 

plastic plugs (Scientific Products, McGraw Park, IL) was used for each 

temperature or bisulfite concentration studied. Thirty-five milliliters of 

sterile 0 .05 M potass ium acid phthalate (Mallinckrodt, St. Louis , MO, 

Analytical Reagent grade)-NaOH buffer, pH 5.5, were added to each 

flask. 
Two of these fl asks were used to determine how much 1.0 N HCl was 

needed to return the pH of the reaction mixture to 5.5 after the 

appropriate amount of potassium sulfite was added. These experiments 

were done at pH 5.5 for two reasons. First, aflatoxins B1 and G1 are 

sensitive to extremes in pH (14-17, personal observations) but are 

relatively stable in aqueous solution at pH 5.5. Second , the primary 
reactive form of sulfurous acid salts at pH 5.5 is the bisulfite ion, which 

is the des ired form to be tested in these experiments. Since addition of 

potassium sulfite raises the pH of the reaction mixture and because it is 

desirable to immediately convert potassium sulfite to the bisulfite form 

[sodium sulfite is less stable in aqueous solution than in the bisulfite 

form (10)]. the appropriate amount of 1.0 N HCl needed to return the 

pH to 5.5 was added to each of the 14 reaction mixtures before 

addition of the potassium sulfite. Furthermore, these two flasks were 

used to determine how much sterile, deionized, distilled water 

was req ui red to bring the reaction mixture to SO ml after the remaining 

ingredients were added . This predetermined amount of water was then 

added to each of the 14 reaction mixtures so all components of the 

reaction mixture were at their appropriate starting concentrations 

before aflatoxin was added . 
When water alone is used as a solvent for a sulfite solution , passing 

air through this solution may oxidize up to SO % of the sulfite within 2 

min (JJ). Furthermore, small amounts of methanol in sulfite solutions 

appreciably retard the rate of sulfite oxidation (JJ). Hence, 0.15 ml of 

methanol (Mallinckrodt, St. Louis, MO, Analytical Reagent grade) 

was added to each of 14 reaction mixtures. Following this, the desired 

amount (0.025 to 1.60 g/ SO ml) of potassium sulfite (Fisher Scientific 

Company, Fairlawn , N. J. , Certified ACS grade) was added to each of 

the 14 reaction mixtures . Potassium sulfite was used in lieu of the 

bisulfite form because the latter contains appreciable amounts of 

metabisulfite. Although the metabisulfite form has the same properties 

' • 
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as bisulfite , calculation of the molar concentration of bisulfite may 
result in appreciable error depending on how much metabisulfite is 
present. In addition, potassium sulfite was used instead of sodium 
sulfite because the pH of an aqueous solution of K2S03 is about 8, 
whereas that of an aqueous solution of N a2S03 is about 9 (25). Using 
potassium sulfite, less 1.0 N HC1 was needed to return the pH of the 
reaction mixture to 5.5. 

Finally, purified aflatoxin B1 or G1 was immediately added to 10 of 
these reaction mixtures . The concentration of aflatoxin B1 or G1 was 
adjusted so that 200 l'g of either was present in 0 .5 ml of methanol so 
this amount could be added to each reaction mixture. Each reaction 
mixture was checked and, if necessary , more water was added to bring 
the final volume to SO mi. The 10 reaction mixtures which contained 
aflatoxin and potassium sulfite served to indicate how fast aflatoxin 
was degraded by potassium sulfite at pH 5.5 in a 0.035-M KHP-NaOH 
buffered solution . 

One-half milliliter of methanol was added to each of the four 
remaining reaction mixtures which were used to determine any change 
in pH which may have occurred through bisulfite oxidation. These 
controls were then used to determine how much sodium hydroxide was 
needed to return the pH of the reaction mixture to 5.5. 

The final four flask s each contained 35 ml of 0.05-M KHP-NaOH, 
pH 5.5, buffer, and to each were added 0.5 ml of aflatoxin dissolved in 
methanol and sufficient sterile, deionized, distilled water to yield a total 
of SO mi. Contents of these flasks served to indicate stability of aflatoxin 
when incubated under conditions similar to those used for reaction 
mixtures with added potassium sulfite. 

Reaction mixtures were held quiescently in the dark at 25, 35, 45, or 
55 C for up to 96 h . To avoid "come-up" times and other problems 
involving temperature, all solutions used to prepare reaction mixtures , 
with the exception of aflatoxin in methanol , were adjusted to and 
maintained at the temperatures at which the mixtures were to be held . 
The solution of aflatoxin in methanol was adjusted to 25 C. 

For each series of treatments, two flasks which contained only 
aflatoxin and two which contained both aflatoxin and potassium sulfite 
were extracted immediately after each reaction mixture was brought to 

._,. the SO-ml volume. The aflatoxin was extracted from each reaction 
mixture using three aliquots (100, SO, and SO ml) of chloroform. The 
remaining eight flasks that contained potassium sulfite and aflatoxin, 
the four control flasks containing potassium sulfite only, and the two 
control flasks containing aflatoxin only were immediately incubated at 
the appropriate temperature. Contents of two flasks from each series of 
experiments were extracted at periodic intervals for up to 96 h. The pH 
of controls containing potassium sulfite only was determined 
periodically, more often for those reaction mixtues incubated at higher 
temperatures and those containing higher concentrations of potassium 
sulfite than for the others. When necessary during the incubation, 
the pH of all reaction mixtures was adjusted to 5.5 using sodium 
hydroxide. In no instance was the pH allowed to drop more than 0 .35 
unit below 5.5 . Upon completion of each experiment, contents of the 
two control flasks with only aflatoxin in each series of tests dealing with 
temperature and bisulfite concentration were extracted . 

Quantitation of aflatoxin 
The principle indicator used to monitor degradation of atl atoxin B1 

and G1 was their decrease in or loss of fluorescence on TLC plates. 
Aflatoxin concentrations were determined by methods of Shih and 
Marth (23). These methods include development of aflatoxins on thin 
layer chromatographic plates followed by fluorometric measurement 
(excitation wavelength, 366 nm ; emission wavelength , 436 nm) of the 
aflatoxins. Concentrations of aflatoxins were calculated according to 
the procedure of Pons et al. (I 8). Values for aflatoxin concentrations 
used to calculate the various rates of degradation are averages of two 
determinations made for each sampling interval. In all instances 
controls which accompanied each series of treatments with potassium 
sulfite yielded approximately the same amounts of aflatoxin B1 or G 1 
before and after incubation. This indicates that no nonspecific 
degradation of aflatoxin B1 or G1 occurred during their storage in an 
aqueous solution buffered at pH 5.5 with 0.035 M-KHP-NaOH. 

RESULTS AND DISCUSSION 

Primary reactant 
Although potassium sulfite was added to react with the 

aflatoxins, once the sulfite is in aqueous solution it does 
not necessarily remain as the sulfite ion (SO/). Instead, 
depending on the pH of the solution , besides remaining 
in the sulfite ion form, it may be readily converted to the 
bisulfite ion (HS0 3- ) and / or sulfurous acid (H 2S0 3, 

which is actually S02 + H20). By using the two 
dissociation constants for sulfurous acid, the pH of the 
sulfite solution, and the molar concentration of 
potassium sulfite added, one can calculate the molar 
concentration of each sulfurous acid form with the 
Henderson-Hasselbach equation. A detailed description 
of calculations used to determine the equilibrium 
concentrations of each sulfurous acid form at a specific 
pH is outlined by Stumm and Morgan (27). 

Since the pH of the sulfite solution was adjusted to and 
maintained at 5.5 and the molar concentration of 
potassium sulfite is known, one only needs to know the 
dissociation constants for sulfurous acid to predict the 
molar concentration of its various forms . The literature 
contains at least three different sets of dissociation 
constants for sulfurous acid. To make similar calcula
tions, Joslyn and Braverman (13) used 1.8 for the first pK 
and 5.3 for the second pK of sulfurous acid, but Lange's 
Handbook of Chemistry (5) gives the values as 1.9 and 7.2 
and the Hand book of Chemistry and Physics (30) reports 
pK values of 1.81 and 6.91. These last values were used to 
calculate molar concentrations of each sulfurous acid 
form when the solution was held at pH 5.5. The amount 
of potassium sulfite which was present in the form of 
HS0 3- and S0 3 = at the beginning of each series of 
experiments is given in Table 1. Amounts of H2S0 3 (S0 2 
+ H20) present at this pH value are relatively small 
compared to concentrations of HS0 3- and S0 3 =which 
are present so these values were not reported . From 
values in Table 1, it is apparent that approximately 96 o/o 
of the potassium sulfite was in the HS0 3- form while only 
about 4% existed as S0 3 =. Therefore, the primary 
reactant at pH 5.5 was bisulfite. 

TABLE 1. Calculated concentrations ofHSO,- and SO, = present at 
pH 5.5 for each intial molar concentrations of K 2S03• 

50 ml Initial molar con- Actual molar concentration at pH 5.5 

reaction mixture centration of K2so3 HS03- S03= 

1.60 0.201 0.193 0.008 
1.20 0.151 0.145 0.006 
0.08 0 .101 0 .097 0.004 
0.40 O.OS03 0.0484 0.0019 
0.20 0.0252 0.0242 0.0010 
0.10 0.0126 0.0121 0.0005 
0.050 0.00629 0.00605 0.00024 
0.025 0 .00314 0.00302 0.00012 

Reaction rates 
When the percentage of aflatoxin B 1 and G 1 remain ing 

was plotted versus reaction time in tests where different 
concentrations of bisulfite were used at 25 C, typical first 
order reaction plots were obtained. To substantiate first 
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order kinetics, lines from these data should transverse 
through at least one half-life of the initial aflatoxin 
concentration. Plots obtained when the three highest 
concentiations of bisulfite were used pass through at 
least one half-life of the initial aflatoxin concentration. 
Therefore, for each aflatoxin tested these three lines 
serve as a basis to suggest that first order kinetics exist. 
Figure 1 illustrates the rates at which aflatoxin B1 was 
degraded by various concentrations of bisulfite. Figure 2 
gives similar information for aflatoxin G 1. In all 
instances, straight-line relationships were observed 
between the log of the percent of aflatoxin B1 or G 1 
remaining versus reaction time for each specific bisulfite 
concentration tested. The line of best fit for each set of 
data was determined by linear regression analysis 
according to methods of Steel and Torrie (26). Assuming 

Figure 1. D egradation (first order reaction) of aflatoxin B 1 by 
different concentrations of potassium sulfite held at pH 55 and 25 C. 
Each reaction mixture contained 0.035 M KPH-NaOH buffer plus 
1.3% (vlv) methanol. 

Figure 2. Degradation (first order reaction) of aflatoxin G1 by 
different concentrations of potassium sulfite held ~t pH 5.5 and 25 C. 
Each reaction mixture contained 0.035 M KHP-NaOH buffer plus 
/ .J% (vl v) methanol. 

first order kinetics, reaction rate constants (k) can be 
calculated from slopes of these lines. These values for 
degradation of aflatoxin B1 and G 1 are in Table 2. To 
compare these reaction rate constants in applied terms, 
the half-life values of the initial aflatoxin concentrations 
for degradation of aflatoxin by each bisulfite concen
tration have been included in Table 2. These values 
indicate the time required to degrade SO% of the initial 
aflatoxin concentration by each concentration of 
potassium sulfite when allowed to react under the 
conditions previously specified . From the data it is 
apparent that afl atoxin G 1 was degraded at a greater rate 
than was aflatoxin B1. Compared to aflatoxin B1, the 
increased reactivity between bisulfite and aflatoxin G 1 
may be attributed to the terminal lactone ring of 

TABLE 2. Reaction rate constantsfor degradation ofa.flatoxin B 1 and G 1 and ha(f·:l!(e valu es of initial (ljlatoxin concentrations resulting from c~{la toxin degradation by di/f'erent concentrations o,(potassium su(fite in the presence qf'l.J"lo (vl v) methanol plus 0.035 M KHP-NaOH at pH 5.5. 25 c. 
g K2so3 per Reaction rate constant. kh-l X w·3 Half-life (h) 

50 ml reaction mixture Aflatoxin B1 Aflatoxin G1 Aflatoxin B1 Aflatoxin G1 
1.60 18.7 22 .3 37 31 1.20 12.4 15.1 56 46 0.80 9.76 11.9 71 58 0.40 4.26 5.54 163 127 0.20 2.54 3.53 273 196 0.10 1.69 2.04 410 340 0.050 1.01 1.55 686 447 0 .025 0.572 0.961 121 2 
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aflatoxin G1• This will be more thoroughly discussed in a 
later paper (6) . 

To further establish the order of kinetics which 
predominates in this reaction, a plot of In k for 
degradation of aflatoxin B1 and G 1 versus In bisulfite 
concentration was made and is shown in Fig. 3. The slope 
of each of these lines is equal to the reaction order at 
which bisulfite reacts with aflatoxin B1 or G 1 (2). The 
slope for aflatoxin B1 is 0.82 while for aflatoxin G 1 it is 
0.75. If the reaction of bisulfite with aflatoxin B1 or G 1 

follows first order kinetics , then the slope of these lines 
should equal 1.0. Since the order of kinetics which most 
reactions follow is a whole number or integer , i.e., 
zero-order, first-order , second-order, etc., and because 
0.82 and 0.75 are close to 1.0, it appears that these 
reactions follow first-order kinetics . Therefore Fig. 3 
illustrates the first-order dependence that bisulfite 
concentration had on the rate at which aflatoxins B1 and 
G 1 were degraded. 
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Figure 3. Plots of In reaction rute constan t fo r degradation q f 
aflatoxin B 1 and G, versus In bisulfite concentrations at pH 5.5 and 25 C 
when 0.035 M KHP-NaOH buffer plus 1.3 % (vl v) methanol were 
present in each reaction mixture. 

It was originally assumed that bisulfite was the only 
form reacting with aflatoxin; however, as will be 
described in another paper (6), sulfite may also be a 
participant in the degradation of aflatoxin . Therefore , 
both the bisulfite and sulfite concentration must be 
considered. A plot of Ink for degradation of aflatoxin B1 

and G 1 versus In of the total bisulfite and sulfite 
concentration resulted in slopes equal to those previously 
determined . Hence, if both bisulfite and sulfite are 
participants in degrading aflatoxin, this reaction would 
still follow first order kinetics. 
Effect of temperature 

Semilog plots of the percentage of aflatoxin B 1 and G 1 

remaining versus reaction time when reaction mixtures 
contained a constant concentration of bisulfite (0.40 g of 
K2S0 3 at pH 5.5) but were held at 25, 35, 45, and 55 C 
also resulted in typical first order reaction plots. Figures 
4 and 5 illustrate the rates at which aflatoxin B1 and G 1, 

respectively, were degraded by bisulfite at four different 
temperatures. Reaction rate constants for degradation of 
aflatoxin B1 and G 1 at the four temperatures are given in 

Figure. 4. Degradation of aflatoxin B1 by a specific concentration of 
po.tasswm suijite at different temperatures. Each 50-m/ reaction 
mzxture contamed 0.035 M KHP-NaOH buffered at pH 5.5 plus 1.3% 
(vl v) m ethanol and 0.40 g K 2S0 3• 

Table 3. The half-life values of the initial aflatoxin 
concentration for aflatoxin degradation by bisulfite at 
different temperatures also are in Table 3. As was 
previously observed, aflatoxin G 1 always was degraded 
more rapidly than was aflatoxin B1. 

These reaction rate constants may be used to calculate 
the Q 10 valu es of each reaction . The Q 10 value is equ al to 
the rate at which the reaction increases for every 10-C 
increase in temperature. The Q10 obtained for aflatoxin 
B1 was 2.0 and for aflatoxin G 1 was 1.9. This means that 
for every 10-C increase in temperature, the rate at which 
a specific concentration of bisulfite degrades aflatoxin B 1 

and G1 approximately doubles. 
These reaction rate constants which were obtained 

from different temperature treatments can also be used 
to calculate the activation energy needed for bisulfite to 
degrade afl atoxin B1 or G 1. Arrhenius plots were 
prepared by graphing on a semilog scale these reaction 
rate constants versus the inverse of absolute temperature. 
Figure 6 illustrates the Arrhenius plots for these data. 
Assuming ideal conditions, the activation energies (E ) 
for degradation of aflatoxin B1 and G 1 by bisulfite can be 
derived by multiplying the slopes of these lines by the 
molar gas constant , R, (1.987 cal / mole) and the natural 
logarithm constant (2 .303). The activation energies for 
degradation of aflatoxin B1 and aflatoxin G 1 were 
13.1 kcallmole and 12.6 kcal/mole , respectively. These 
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Figure 5. Degradation of aflatoxin G1 by a specific concentration of 
potassium sulfite at different temperatures. Each 50-ml reaction 
mixture contained 0.035 M KHP-NaOH buffered at pH 5.5 plus I.Jo/o 
(vlv) methanol and 0.40 g K 2S0 3• 

TABLE 3. Reaction rate constants for degradation of aflatoxin B1 
and G1 and half-life values of initial aflatoxin concentrations resulting 
from aflatoxin degradation by a constant concentration of potassium 
sulfite (0.40 g K 2S0 3) in presence of0.035 M KHP-NaOH, at pH 5.5, 
and l.Jo/o (v /v) methanol at different temperatures. 

Temperature Reaction rate constant, kh-~ 10-2 Half-life (h) 

(C) Aflatoxin B1 Aflatoxin G1 Aflatoxin B1 Aflatoxin G1 

25 0.426 0.554 163 127 
35 0.816 1.01 85 69 
45 1.63 2.00 43 35 
55 3.32 3.99 21 17 

values are relatively low, which would suggest that the 
major reaction between bisulfite and aflatoxin 8 1 and G 1 
occurs at a specific site or bond. This is in marked 
contrast to the relatively high activation energies of 40 or 
more than 100 kcal / mole which are required to denature 
proteins where several bonds are broken (31). A possible 
mechanism for the bisulfite-aflatoxin reaction as well as 
additional supporting data will be reported in another 
paper (6). 
Practical significance 

What is the practical significance of these data? In 
foods such as wine, soft drinks, cider, flour, fruit juices, 
jams, and sausages where only 70 to 450 ppm so2 are 
normally added (1, 19), some but probably not a 
substantial amount of aflatoxin would be degraded. 
Table 4 compares the calculated ppm S0 2 present at 
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Figure 6. Rate constants at which aflatoxin B1 and G1 were degraded 
by bisulfite versus the inverse of absolute temperature at which 

1 
reactions occurred. 

each molar concentration of K2S0 3 used for these 
experiments. From these values it is evident that the 
amount of S0 2 normally added to wines and some other 
foods would be in the range of the two lowest 
concentrations of potassium sulfite that were tested. The 
rates at which aflatoxins 8 1 and G 1 were degraded at these 
initial bisulfite concentrations, serve to suggest that 

TABLE 4. Comparison of molar concentrations of K 2S03 used in 
these experiments to the calculated amounts of S02 (ppm) present. 

g K2so3 added par 
50 ml reaction mixture MK2so3 ppm so2 

1.60 0.201 12,880 
1.20 0.151 9,660 
0 .80 0.101 6,440 
0.40 0.0503 3,220 
0.20 0.0252 1,610 
0.10 0.0126 805 
0.050 0.00629 403 
0.025 0.00314 201 

relatively small amounts of either toxin would be 
degraded in such foods . Furthermore, wine is both 
fermented and stored at relatively low temperatures(< 25 
C). Our data indicate that as temperature is lowered, so 
is the rate at which aflatoxin is degraded. Therefore, 
presence of relatively small amounts of bisulfite in wines 
is of questionable value for degrading aflatoxin. 

However, with dried fruits where up to 2000 ppm S0
2 

may be added, appreciable amounts of aflatoxin, if 
present, could be degraded. Our data show that 
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moderate amounts of both aflatoxin 8 1 and G 1 were 
degraded with bisulfite at a concentration comparable to 
2000 ppm S0 2• Furthermore, as was illustrated by results 
of the temperature studies, when temperature is 
increased , as might occur when fruits are dried, rates of 
aflatoxin degradation are substantially increased . It 
should be noted, however, that fruits may contain sugars, 
organic acids, and other organic compounds which also 
may react with bisulfite. This could reduce the 
aflatoxin-degrading effects of bisulfite. Therefore, to 
determine the effect bisulfite has on degrading aflatoxins 
in fruits experiments should be done with the products. 
The wet milling of corn involves steeping corn in a 
solution of S02 although no S02 is added to finished 
products. Such use of S02 may inactivate small amounts 
of aflatoxin if any is present. 

Scientific significance 
The literature appears to contain some misconceptions 

regarding the stability of aflatoxin in the presence of 
bisulfite. For example, Trager and Stoloff (29) screened 
many different reagents to determine if any could 
destroy aflatoxins 8 1, 8 2, G 1, and G 2• They identified a 
number of chemicals able to degrade aflatoxin and also 
chemicals which had no apparent effects on aflatoxins 
when they were exposed to the chemicals for 1 h in an 
aqueous solution. Included among the chemicals which 
had no effect on the four aflatoxins were 0.5 M NaHS0 3 
and 0.5 M Na2S0 3. Since the reaction was allowed to 
proceed for only 1 h and because the degradation 

" product(s) is (are) water soluble (6), which is the fraction 
in which they would remain after the authors extracted 
the reaction mixture with chloroform, it is easy to 
understand why these authors did not observe any effects 
on the aflatoxins when they were treated with bisulfite. 

At about the same time, Davis and Diener (4) noted 
that , depending on concentration, potassium sulfite 
could be used to inhibit aflatoxin biosynthesis and at the 
same time allow uninhibited production of mold 
mycelium. Since the pH of the medium was not 
monitored or defined, the actual amounts of S0 2 + H 20 , 
HS0 3- and S0 3 = present in the growth medium could 
not be determined. Nevertheless , once mold growth 
begins. metabolities are produced which normally lower 
the pH of the medium. In addtion, when an aqueous 
sultite solution is exposed to oxygen , sulfite oxidation 
occurs , which results in a decrease in pH (21). For these 
reasons it seems likely that appreciable amounts of 
HS0 3- were at some time present in the growth medium. 
Since it has been established that aflatoxins 8 1 and G 1 
are degraded in the presence of potassium sulfite at pH 
5.5 , it is possible that instead of inhibiting aflatoxin 
production, aflatoxin was actually produced and 
degraded . It is noteworthy that Davis and Diener 
observed no inhibition of aflatoxin biosynthesis when 
comparable quantities of bisulfite were used in lieu of 
potassium sulfite. 

More recently, Gupta et al. (12) observed the effect of 

different concentrations of sodium bisulfite on the ability 
of A. parasiticus mycelia to incorporate labelled acetate 
into aflatoxins. When a concentration of SO mM of 
sodium bisulfite was present in a " suspension buffer" 
inoculated with mycelium and incubated for an unstated 
period at an unstated temperature , they found the 
specific activities of aflatoxins 8 and G to be 27o/o less 
than that of the control. They attributed these reduced 
specific activities to inhibition of aflatoxin production; 
however , this apparent inhibition of aflatoxin synthesis 
may actually be an illusion. Instead, aflatoxin may have 
been degraded by bisulfite soon after it was synthesized. 

In some preliminary studies on the effect different 
chemical treatments have on the stability of aflatoxin, 
Feuell (7) noted that the use of sulfur dioxide was an 
effective treatment for detoxifying aflatoxins but "with 
reservations." Using a crude aflatoxin preparation 
dissolved in dilute ethanol, S02 was added to this 
solution until it was saturated . This was stored 
overnight. The excess S0 2 was then removed by warming 
and bubbling air through the mixture. After orally 
dosing three ducklings with this S02-treated solution all 
three ducklings died ; however, their death appeared to 
be due to an anaphylactic type of reaction rather than the 
typical symptoms of aflatoxicosis . No liver lesions were 
present in any of the three ducklings. Following this, 
Feuell used sulfur dioxide to gas thin layers of groundnut 
meal contaminated with aflatoxin. After overnight 
exposure to the gas, the groundnut meal was put in a 
vacuum oven and kept under reduced pressure for 24 h. 
The groundnut meal was then fed to ducklings. The 
survival time of the ducklings was not appreciably 
different than that of controls which received similar but 
untreated groundnut meal contaminated with aflatoxin. 
In addition , liver lesions were present in ducklings 
receiving the S0 2-treated groundnut meal. There may be 
several explanations for the observations made by Feuell. 
In the preliminary study, a crude methanol-into
chloroform extract of groundnut meal which contained 
aflatoxin was used. This extract may have contained 
materials other than just aflatoxin 8 1 and G 1. Therefore 
other factors present in the reaction mixture which were 
not affected by S0 2 may have killed the ducklings . Since 
these ' ducklings did not have liver lesions which are 
characteristic of aflatoxicosis, the ducklings may have 
died from some other cause(s). Perhaps the degradation 
products of S02-treated aflatoxins are toxic and these 
killed the ducklings; however, a more controlled 
experiment must be done to test the biological effects of 
such degradation products. Feuell's second experiment 
involving the use of S0 2 gas to directly treat groundnuts 
containing aflatoxins may have proved ineffective 
because, as will be illustrated in another paper (6) , S0 2 
has to be in aqueous solution to be reactive with aflatoxin 
8 1 andG 1. 

Regardless of what happened in these studies, we 
found that bisulfite was able to degrade aflatoxin 8 1 and 
G1. Aflatoxin G 1 was slightly more reactive with bisulfite 

' 
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than B1. Rates of degradation were dependent on both 
bisulfite concentration and temperature. Other factors 
affecting the ability of bisulfite to degrade aflatoxin and 
a proposed mechanism for this reaction will be discussed 
in another paper (6). 
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ABSTRACT 
The predominant acid-producing organism isolated from Nigerian 

cassava mixed fermentation cultures was Streptococcus fa ecium. 
Corynebacterium manihot was also abundant in the mixed cultures, 
but contrary to earlier reports, this organism grew slowly and lacked 
significant acid -producing capabilities. Cultural characteristics of S. 
j(u.>cium indicated that it was the primary fermentation organism in 
acidic cassava fe rmentations rather than the earlier indicated C. 
manihot. Diacetyl production in both milk cultures and fermented 
cassava was demonstrated for S . .faecium. Detection of diacetyl in 
fermented cassava products indicated that S. faecium may also play an 
additional role in the fl avor development of these products . 

.• Cassava or manioc Wanihot esculenta Crantz) is a 
widely-grown tropical root crop that is consumed in a 
variety of forms as a food staple in many cultures. This 
popular carbohydrate source contains the cyanogenic 
glycoside, linamarin, which degrades to hydrocyanic acid 
(HCN) and glucose under the influence of the enzyme, 
Iinase, and / or low pH conditions (2). As a part of the 
traditional processing or preparation of popular Nigerian 
food items , such as gari, cassava roots are macerated and 
allowed to undergo a natural, acidic fermentation 
process which results in the detoxification of the cassava 
(1, 3). This has been reported to occur through the 
liberation of HCN at low pH (ca 3.9) through the 
combined activities of Corynebacterium manihot and 
Geotrichum candidum (3) , and substantial amounts of 
lactic acid that have been found in fermented cassava (!) . 
Acid production has been ascribed to C. manihot 
because it was the predominant organism that was 
isolated in the initial 48 h of fermentation while flavor 
production was attributed to G. candidum which grew 
abundantly in the latter stages of the 4-day fermentation 
(3) . In some instances fermentation occurs as a result of 
natural microflora associated with cassava roots and 
utensils. while in more centralized processing situations 

1Supported by the College of Agricultural and Life Sciences, University 
q(Wisconsin·Madison. and a grant from U.S.A. l.D. -University ofUe. 
20n lea ve from : Deportment of Food Science and Technology, 
University of lfe, l/e-lfe, Nigeria. 

the juice from previous batches is used as an inoculum 
for fresh cassava pulp (1). 1 

Corynebacterium spp. do not consistently ferment 
sugars , but when they do high acidities are seldom 
produced . Many species within the genus oxidize glucose 
completely to carbon dioxide and water (7). The fact that 
high acidity is seldom produced by members of the genus 
Corynebacterium strongly suggests that the organism 
responsible for lowering the pH of the fermenting 
cassava pulp is not C. manihot. The consistent isolation 
of this organism as the dominant species in the first stage 
of the fermentation (3) may have resulted from 
inappropriate selection of the isolation medium. C. 
manihot easily grows on nutrient agar, but lactic-acid 
bacteria are nutritionally fastidious and were probably 
selectively excluded from observation. This paper reports 
the results of a re-investigation of the microbiology of 
Nigerian cassava fermentation using isolation media 
suitable for detection of lactic !acid bacteria. 

MATERIALS AND METHODS 
Isolation and characterization q(streptococci 

Mixed cu ltu res from cassava mash fermented locally in Nigeria 
(Adelada n A modo. a village on the Ondo Road) were streaked on Plate 
Count agar (Difco Laboratories, Detroit, Michigan) and Nutrient agar 
(Difco) to determine microorganisms capable of growing on simple 
media , and APT agar (Difco) was employed to enhance growth of lactic 
acid bacteria (8). Sodium azide (0.04 %) added to APT agar and KF 
Streptococcus agar (Difco) were used for selective streptococcal growth 
and presu mptive indication of streptococci species (1 I). 

Isolated colonies were picked from each of the agar plates, and were 
transferred into Nutrient. APT and Brain Heart Infusion (BHJ. Difco) 
broths. Cu ltures were maintained by transferring into appropriate 
broth every 48 h. and separate cultures were carried at JO and 37 C. 
Selected cultures were gram-stained , and checked for morphology. 

Isolated colonies from the mi xed cultures were inoculated into sterile 
skimmilk and ~ ~ ~rile litmus milk to determine acid production. 
Suspected streptococci from K F Streptococcus agar were streaked on 
Low Glucose Agar (LGA, Difco), and were tested for catalase activity by 
flood ing the incubated plates with J "l'o hyd rogen peroxid e. The colonies 
were also tested for presence of iron-porphyrin compounds by flooding 
incuba ted LGA plates with benzidine reagent before adding J"l'o 
hydrogen peroxide (5) . Finally. the suspected streptococcus colonies 
were transferred into pyruva te and sorbitol med ia (6). 
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Characteristics a_( cassava culture organisms 

Pure cultures of C. manihot and G. candidum obtained from the 

Federal Institute of Industrial Research . Oshodi , Nigeria , G. candidum 

A TIC# 12784 (American Type Culture Collection. Rockville, MD). and 

S. jaecium isolated from naturally fermenting cassava mash were 

grown at 37 C for 18 h in steamed (I hat ca 100 C) skimmilk and sterile 

litmus milk to determine acid-producing capabilities and aroma 

development in these media. 

A limited number of model-system cassava fermentations were 

carried out using greenhouse-cultured cassava roots (Variety S3101, J. 

Omeumu, Dept. of Pathology. University of Wisconsin) . Cassava roots 

(ca 200 g each) were washed, peeled, and grated to yield a mash. 

Fifty-gram lots of mash were inoculated with I ml of appropriate seed 

culture. placed in cheese cloth bags, and placed in 250-ml foil-covered 

beakers for incubation at 3S C for I week . Cultures employed in these 

trials included natural mixed cultures from fermenting cassava which 

had been transferred to Nutrient broth before use, and mixtures of pure 

cultures of C. manihot and G. candidum. 

Laboratory-fermented and naturally-fermented cassava mash , 

traditionally processed gari, and the previously described milk cultures 

were ana lyzed by the gas chromatographic headspace analysis 

procedure developed by Morgan and Day (13) . Corresponding 

unfermented control samples were also analyzed where appropriate to 

verify production of volatile compounds by fermentation organisms. 

Analysis conditions included nitrogen-purging (10 mllmin) of volatile 

compounds from NaCI-saturated aqueous sample systems, and 

collection of volatile compounds at the head of either a Porapak Q 

column (12ft x 1/8 inch stainless steel; Waters Associates, Framing

ham , Mass.) or a 3o/o 1,2,3-tris-(2-cyanoethoxy)-propane (fris) on 

Chromosorb G column. In each instance 10 g of sample was combined 

with S ml of saturated NaCl solution and I g of NaCI to provide a 

solution for analysis that would contain the same proportions of volatile 

compounds as the original sample in each instance. 

The Porapak Q column was operated isothermally at ISS C. and the 

Tris column was held initially at 50 C for S min , then was programmed 

at 4 C/ min to 17S C and held . Injector and detector temperatures on 

the Varian Model 1740 gas chromatograph were maintained at 250 C, 

and the carrier gas was nitrogen at a flow rate of 2S ml/min. Tentative 

identifications of votalile compounds were assigned on the basis of 

coincidence of relative retention times of unknowns with those of 

authentic compounds, and where appropriate occurrence of distinctive 

aromas were detected through a column-effluent splitter assembly. 

Peak areas were determined by the triangulation procedure. 

RESULTS AND DISCUSSION 

After incubation at 37 C for 48 h, large yellow colonies 

were observed on Nutrient agar plates streaked with 

mixed cassava cultures. On similarly incubated plates of 

Plate Count Agar which were streaked with the same 

mixed cultures, two different types of colonies were 

observed. There were many pinpoint colonies which 

were characteristic of lactic acid bacteria, and an 

abundance of large yellow colonies which overgrew the 

pinpoint colonies. The pinpoint colonies probably were 

not observed on the Nutrient agar plates because 

Nutrient agar is a less nutritive medium than Plate Count 

Agar. 
The yellow colonies on both the Nutrient agar and 

Plate Count Agar were picked into tubes of Nutrient 

broth which were incubated at either 30 or 37 C. No 

growth was observed in cultures incubated at 30 C, but 

cultures incubated at 37 C showed heavy growth after 

96 h of incubation. Examination of the culture 

organisms by the usual gram-staining techniques showed 

that the yellow colonies were composed of gram-positive, 

club-shaped rods with granules that stained gram

positive. These characteristics agreed closely with those 

described for C. manihot previously isolated and 

reported in earlier investigations of cassava fermenta-

tions (J)_ ' 

Growth of the mixed culture on the APT agar medium 

was very rapid and nonpigmented colonies were observed 

after 24 h of incubation at 30 C. Incorporation of 

manganese ions (Mn+-f-J and citrate into the basal 

nutrient medium results in a unique medium for 

supporting growth of lactics which do not grow on 

Nutrient agar or grow poorly on Plate Count Agar (8). 

Colonies from APT agar medium were transferred into 

APT broth and incubated at 30 C; this resulted in a 

heavy turbid growth in the tubes after 48 h. These 

cultures were again streaked on APT agar to which 

0.04 o/o sodium azide (NaN~ had been added. Pinpoint 

colonies appeared on this medium after 48 hat 30 C, and 

provided strong evidence for the presence of lactic acid 

bacteria in cassava fermentation mixed cultures. 

Pinpoint colonies picked from the APT-sodium azide I 

plates were transferred daily into APT and BHI broths. 

Heavy growth was observed in all the cultures and each 

culture was gram-stained and examined under the 

microscope for gram reaction and morphology. All of the 

organisms observed were gram-positive cocci in chains 

which was indicative of Streptococcus spp. A further 

indication that these organisms were Streptococcus sp. 

was their growth as pinkish colonies on KF agar. 

Results of the morphological and physiological 

examinations of primary streptococcal isolate from 

cassava fermentation mixed cultures are summarized in 

Table 1. The fact that the organism under investigation 

gave negative catalase and benzidine tests indicated very 

strongly that it was a lactic acid bacterium. The 

morphological characteristics and reaction on the KF 

Streptococcus agar clearly placed the organism in 

TABLE I. Physiological and morphological characteristics o_( pri

mary acid-producing isolatefrom Nigerian cassava f ermentation mixed 

cultures. 

Tests 

Gram reaction 
Morphology 
Catalase test 
Benzidine tes t 
Growth on APT+sodium azide 

Growth on K F Streptococcu s agar 

Growth in pyruvate medium 

Growth in sorbitol medium 

Growth in a medium contain ing 6.S o/o NaCl 

Growth at 4S C 
React ion in steamed skimmilk 

Reaction in litmu s milk 

Results 

Positive 
Cocci in cha ins 
Negative 
Negative 
Positive 
Pinkish colonies 
Negative 
Negat ive 
Positive 
Positive 
Coagulation 
Colorless in 12 h 
and coagulat ion 

question in the Streptococcus group. Additional tests 

showed that the organism grew well in skimmilk giving 

rapid coagulation, and readily changed blue litmus to 

colorless . The organism also tolerated 6.5% sodium 

chloride, and showed growth at 45 C. Since the 

streptococcal isolate from the mixed cassava culture was 
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able to grow at 45 C and tolerated 6.5 % sodium chloride, 
it fell in Sherman's enterococcus division that includes 
Streptococcusfaecalis and Streptococcusfaecium (4). 

Pyruvate is used as an energy source only by S. fa ecalis 
(6) and use of pyruvate as an energy source is employed 
as an aid in differentiating between S. faecalis and S. 
fa ecium. The inability of the isolate from the cassava 
fermentation mixed culture to grow in a pyruvate 
medium confirmed that the organsim was S. fa ecium and 
not S. faecalis. Further, the organism was unable to grow 
in sorbitol medium. S. fa ecalis can grow in both pyruvate 
and sorbitol media while S. faecium does not grow in 
these media (6). 

Inoculation of steamed skimmilk and litmus milk with 
both single-strain and -mixed-strain cultures gave results 
which supported the hypothesis that S. fa ecium was the 
principal acid-producing organism in mixed-strain 
natural cassava cultures (Table 2). Acid production in 
milk was not observed for pure cultures C. manihot or G. 
candidum or for a mixture of these two organisms. These 
organisms produced only weak fatty acid-like aromas 
while S. faecium gave a pronounced diacetyl aroma 
similar to that observed for the natural mixed-strain 
cassava cultures. 

T ABLE 2. Behavior o( organism s f rom cassava cultures groll'n fo r 
I ll hat ]7 C in steamed skimmilk and litmus milk. 

Culture 
Coagulation of 
steamed milk 

Nat ural mixed + 
cassava cu lture 

• S.j{1ceium + 
(I sola te) 

G. candidum 
(lsolate1 & ATIC #12784 
C. m anihot 

(l solate1) 

Mixed culture of 
G. candidum1and 
C. manihot1 

Aroma 

Strong 
di acetyl 
Strong 
di acetyl 
Weak. fa tty 
acid-like 
Ind istinct 

W eak . fa tty 
acid-like 

React ion in 
Litmus milk 

Coagul ation 
a nd colorless 
Coagulation 
a nd colorless 
No reacti on 

No react ion 

No reaction 

'Obtained as pure culture from the Federal Institute of Industrial 
Research . Oshodi . Nigeria. 

Analysis of milk cultures for volatile compounds 
showed that both the S. fa ecium culture and the natural 
mixed-strain culture gave substantial diacetyl peaks 
although the actual levels of diacetyl were not quantified 
(Table 3) . Analyses of laboratory-fermented and natur
ally-fermented cassava mash (Table 3) also showed the 
presence of diacetyl in these products . The role of 
diacetyl in cultured dairy product flavors is well 
documented (12). Data for volatile compounds in 
traditional gari and sun-dried fermented cassava (Table 
4) show that diacetyl is carried through to the finished 
product , and the presence of diacetyl in these products 
indicates that S. f aecium may also play an additional role 
in development of fl avors in fermented cassava products. 
While the other volatile compounds tentatively identified 
in the samples are commonly found in lactic fermenta
tions (9. I 0). only acetaldehyde has a sufficiently low 
flavor threshold to have a possible direct influence on 
fl avors of cassava products. However, ethanol could react 
with fatty acids to yield esters that could contribute to 
flavors . 

Both laboratory-grated cassava mash and steamed 
skimmilk samples inoculated with either C. manihot or 
G. candidum or combinations thereof showed very little 
indication of fermentation activity. S. faecium ap
parently was not present in the natural microflora of 
laboratory-grated cassava samples. As a result acid 
production did not take place in any of these samples , 
and molds quickly overgrew the samples. 

SUMMARY AND CONCLUSIONS 

S. f'aecium was isolated as the acid-producing 
organism in Nigerian cassava fermentation mixed 
cultures . Earlier investigations ofthe microbial succession 
in cassava fermentation (J) indicated that the acid
producing organism was C. manihot. C. manihot was 
abundant in the fermentation cultures, but since this 
organism grew slowly, and is oxidative rather than 

TA BLE 3. R elative abundance of vola tile compounds .found in gas chromatographic headspace clllil (\'sis o(.fi•rm ellled cassa •·a ami sk immilk 
cultures. 

Relative retention time 1 Absolute areas of peaks (cm2) 
Peak Tentative Observed Authentic Lab-fermented Natural Nigerian S. faecium Natu ral mixed 
no. identity cassava with fe rmented in steamed cassava culture in 

mixed culture cassava mash skimmilk steamed skimmilk 

I Acetaldehyde 0 .17 0 .18 33 12 172 22 
2 Etha nol 0.29 0 .34 96 976 S l 2 249 
3 Acetone 0.42 0.48 I 16 10 .1 
4 Oiacetyl 1.00 100 4 22 10 I I 

'Relative retention time based on diacetyl equal to 1.00; Packed column : 10ft x 118 inch 0 .0 . stainless steel , Porapak Q . 

T ABLE 4. Relative abundan ce o( volati/e compounds .found in gas chromatographic atw(vsis 0( heculspace volatiles ofgari. j i•rm entecl casct \'<1 . ancl 
S. faec ium in sk immilk . 

Relative retention Time! Absolute areas under peaks (cm2) 

Peak Tentative Observed Authentic Traditionally Sun-dried Lab fe rmented S. fa ecium 
no. identity pro~essed gari fermented cassava cassava with in s tea med 

from Nigeria from Nigeria mixed culture skimmilk 

Aceta ldehyde 0.08 O.o7 s 9 12 'lh 
Etha nol 0.2 1 0. 19 -' IS 773 1 lh4 

3 Acetone 0.48 0.42 3 1923 
4 Oiacetyl 1.00 1.00 IS 2S6 II 12!1 
1 Rela tive retention time based on d iace tyl equ al to 1.00: Packed column. 12 ft x 1/ 8 inch 0 .0 . stainless s tee l. 3% 1.2.3- tr is-(cya noethox _v ) propa ne on 
Chro mosorb G. 
'Not detected in the product. 

' 
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fermentative, it is very unlikely that C. manihot is 
responsible for any acid production in cassava fermenta
tions. Based on growth and acid-producing character
istics observed, it is proposed that S. faecium is the most 
important acid-producing organism present in Nigerian 
cassava mixed-strain fermentations . Diacetyl production 
by S. Jaecium isolated from cassava mash cultures was 
also demonstrated, and indicates that this organism may 
contribute flavors in addition to acidity to fermented 
cassava products. The role of C. manihot and G. 
candidum in the overall fermentation of cassava by 
natural mixed-strain cultures has not been determined as 
yet. 
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ABSTRACT 

Costa Rican-type cocoa beans were tested as a substrate for two 
known aflatoxigenic fungal species, Aspergillus jlavus NRRL 3251 and 
Aspergillus parasiticus NRRL 2999. Natural floral growth in both 
cooked (autoclaved) and raw cultures failed to show aspergilli and 
aflatoxin as analyzed by thin layer chromatography. Raw, ground 
cocoa bean medium inoculated with both species of aspergilli had 
mycelial growth , sporulation, but no detectable levels of aflatoxin. 
Similarly treated but cooked (autoclaved) cocoa medium also provided 
for mycelial growth, and sporulation, but total aflatoxin levels were 
388.1 11gl g of substrate for the A . parasitic us cultures and 2.2 11gl g of 
substrate for the A. jlavus cultures. The general results appear to 
support the low level of a limited number of reports of toxin 

• contamination in natural cocoa. The simplified extraction methods 
. used herein provided results similar to other methods. 

Chocolate manufacturers collect and store cocoa beans 
from many sources. Samples of beans that have been 
studied in relation to mycotoxins include types from the 
following countries: Nigeria, Ghana, New Guinea, 
Trinidad (14), and the Philippines (3). In 1965 the 
Tropical Products Institute reported aflatoxin (AFT) 
positives in cocoa bean (JJ). Campbell (3) in 1969 also 
reported finding up to 17 1-1g aflatoxin / kg in two of nine 
samples of cocoa from the Philippines. Following these 
reports there was an effort to develop better methods for 
analyzing large numbers of samples for AFTs. In 1971, 
Scott (13) and Scott and Przybylski (15) modified the CB 
method (Contaminants Branch Method , FDA) for use 
with cocoa beans. Collaborative tests were made and the 
technique was accepted as the Official AOAC First 
Action Method (15). A modification of the BF Method 
(Best Foods Method) using 3% silver nitrate solution in 
the extracting solvent mixture was reported in 1973 (14). 

There seem to be few reported occurrences of 
aflatoxin contamination in cocoa and cocoa products. 
Limited occurrence could be due to the complexity of the 
test (10,14) or limited testing. More recently, Yndestand 
and Underdal (19) surveyed Norwegian foods including 
cocoa and cocoa products. They found one positive in 40 
samples of cocoa products. 
1 Virginia Commonwealth University. 

The present study was undertaken to determine the 
potential of cocoa as a substrate for aflatoxigenic fungi 
under "near-ideal" laboratory growth conditions. Also, 
no studies have utilized Costa Rican cocoa beans. 

MATERIALS AND METHODS 

A one-kg sample of naturally dried cocoa beans, selected at random 
as a government inspection sample, from composite stocks, was 
collected from the Zent Region, Puerto Limon , Costa Rica. This sample 
served as the source for the experiments completed herein. 
Preparation of cu ltures and inoculation 

The cocoa beans were minced in a sterile blender for 45 sec. Five g of 
the blended substrate were placed in each of the culture vials with 7 ml 
of distilled water required to moisten the ground cocoa beans. 
Two-ounce, clear glass prescription vials having one flat side were 
plugged with cotton . They were sterilized (20 psi for 20 min) either with 
the ground cocoa plus distilled water to provide cooked cocoa or only 
with distilled water. In the latter case, the cocoa (uncooked) was added 
to the vials containing sterile water following their return to room 
temperature after autoclaving. 

Eighteen vials were used in the natural flora portion of the study. An 
equal number of vials contained cooked (sterile, 20 psi for 20 min) or 
uncooked (non-sterile) cocoa. 

Twenty-seven vials were used iii the growth and toxin production 
aspect of the study. Fifteen vials containing water were prepared by 
sterilizing (cooking) the minced cocoa with the vials. Three of these 
vials served as controls and were not inoculated. The remaining vials 
containing sterile water received equal aliquots of uncooked cocoa. Six 
of these vials having cooked cocoa and six having uncooked cocoa were 
inoculated with Aspergillus parasiticus NRRL 2999 spores or 
Aspergillus jlavus NRRL 3251 spores. Spores for both species were 
taken from potato-dextrose-agar slants maintained in our laboratory. 
Both ofthese species used were known producers of aflatoxins (6. 16). 
Incubation procedures 

All cultu re vials were placed in a growth chamber and observed 
regularly for 30 days. Environmental conditions included relative 
humidity at 45 ± 5% and temperature at 23 ± 2 C. The chamber was 
dark except when opened for observations. 
Extraction and analyses 

After 30 days all cultures were atten uated by addition of 30 ml of 
chloroform . The vials were capped and shaken gently for I h at room 
temperature. All clumps of cocoa were broken. The solids in the culture 
floated and the chloroform layer was removed with a syringe which 
penetrated the floating solid layer. Twenty-microliter samples were 
spotted on silica gel thin-layer plates (205-nm layer of Absorbosil-1 
Applied Science Lab. Inc ., State College, PA). Fluorescent spots were 
compared visually to reference samples (Applied Science Lab. , Inc. , 

' 
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Sta te College, PA) spotted simultaneously utilizing the AOAC 

procedure for TLC , (8) Dilutions were made as necessary and 
quantitations were repeated in triplicate . Final aflatoxin concentrations 

per culture and then per gram of substrate were calcu lated based on 

these va lues and the 30 ml of chloroform first added. 

RESULTS AND DISCUSSION 

Natural flora cultures for both raw and cooked 
medium failed to develop Aspergillus-like fungal growth. 
Aflatoxin analyses were negative for these cultures as 
well as the cooked , control flasks. Even though in Costa 
Rica such beans are dried outdoors on movable wheel 
and rail beds about 10m in square area, and usually on a 

small-scale basis by individual farmers, there was no 
aflatoxin contamination in the sample used in this study. 
At least for the present , there are no reports indicating 
that there is a significant aflatoxin problem. These 
flat -car beds are often located in the front yard of the 
rural or village farmer. When it rains they are usually 
pushed under a crude roof and stored in a layer-type 
fashion . In some instances a local farmer may serve as 
the dealer who collects and dries beans for further sale. 
Such small businessmen are often seen during the day 
rearranging the cocoa beans in the drying beds . 
Groundnuts are also grown in Costa Rica and they have 
been found to have the typical AFT problems found in 
the tropics (1 , 12). Therefore, the fungal spores 
apparently are native, but could be regional or possibly 
Costa Rican cocoa beans are not susceptible to aflatoxin 
occurrence. 

Additional results, as listed in Table 1, may present 
an interesting aspect of this problem in support of the 
non-susceptibility of Costa Rican cocoa beans . A . .flavus 
NRRL 3251 and A . parasiticus NRRL 2999 both 
produced mycelia and sporulated on raw and cooked 
moist cocoa bean media . A. parasiticus followed its 
typical growth pattern and sporulated first. Spores were 
evident after day five and extensive by day 10. For A. 
flavus, spores were evident on day seven and extensive by 
day 14. Visual evaluations showed similar mycelial 
growth and sporulation for each individual species on 

both cooked and raw substrates. The AFT analyses were 
positive only for the cooked (sterilized) ground cocoa 

beans . This was true for both species tested . Concurrent 
tests using the same species on rice and shredded 
coconut were positive. For example, when A. parasiticus 

TABLE I . Aflatoxin production on cooked and raw cocoa bean cultures. 

was inoculated into sweetened coconut flake cultures (20 
g substrate plus 10 ml H 20 and grown for 7 days at room 
temperature), they were found to contain 0.938 mg/g of' 
substrate for AFB 1, 19.715 mg/ g of substrate for AFG 1, 

0.060 mg/g of substrate for AFG 2, and no AFB 2• It is 
' unlikely that a change from a toxin-producer to a ~ 

non-producer occurred in the species used . To date, we 
have no definite explanation for growth and sporulation .• 
but lack of detectable levels of AFT on these laboratory 
cultures of ground raw cocoa beans. Factors under 
consideration indicate that the cooking that occurred 
during the autoclaving process may have denatured a 
natural inhibitory agent, changed the dispersion of the 
nutrients, or altered favorably the nutritional com
position ofthe ground cocoa beans. Also the absence of 
microbial competition may have played an important 
role in this situation. 

Other reports have been documented where afla

toxigenic fungi have grown and sporulated but produced 
little or no toxin . The presence of phytic acid or 
hydroxy-cinnamic acid derivatives found in uncoo~d 

white potatoes or cinnamon seem to act as aflatoxin
inhibitory agents (2, 5, 17). Davis and Diener (4) reported 
that A. parasiticus produced toxin on various carbon 
sources. We found that A . parasiticus grew poorly on 
lettuce, cauliflower, celery, and taro root and produced no 
detectable levels of aflatoxin on the first three products 
(9) . In soybeans, different strains of beans seemed to 
influence the production of aflatoxin apparently due to 
the nutrients , fats, or acids available but also it was 
reported that cooking allowed some aflatoxigenic isolates 
to produce more toxin but other fungal strains produced 
less toxin than on the raw substrate (16). 

Some extracts from the non-aflatoxin producing raw 
cultures in the present study were further concentrated 
and evaluated again for AFT. No positives were found. 
The system for quantitation used herein is sensitive to 

approximately 2 ppb. Although the samples were not 
extracted following the official procedures the remaining 
test procedures were official AOAC procedures. To 
confirm the absence of aflatoxin , several cultures were 
extracted using the AOAC, IUPAC, and Costa Rican 
procedures (1 , 8, 10) and no toxins were found. 

In studying the quantities of toxin produced, A. 
parasiticus NRRL 2999, a known producer of AFT did 

Aflatoxin levels (Mean and standard deviations b) 

AFB\ % AFB 
Inoculation Treatments3 (~gig (of total) l~g/g) 

% AFG1 % 
(of total) ·~g / g) (of total) 

AFG~ % Total 
l~g /g (of total) (~g /g) 

Aspergillus parasitic us 207.3 53 NDc 180.1 46 0 .7 < 1 388.1 

(NRRL 2999. cooked) ± 19.6 ±14.9 ±0.3 ±27.8 

Aspergillus parasiticus ND ND ND ND ND 

(NRRL 2999. raw) 

Aspergillus.fla vus 1.2 55 ND 1.0 45 ND 2.2 

(N RRL 325 I , cooked) ±0.4 ±0 .6 ±0.9 

a A . .flavus NRRL 3251 with raw cocoa; natural flora; both raw and autoclaved; and autoclaved control cultures conta ined no detectable levels of 

aflatox in . 
bMean and standard deviations are for six cultures in triplicate . 
cNune detected. Lower level for detection is approxima tely 2 ppb. 
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well on the cooked cocoa having a mean level for AFB 1 of 
206 .3 JAgl g of substrate; 180.1 JAgl g of substrate for AFG1 ; 
and traces of AFG 2• These values and especially the total 
of 388.1 JAgl g are similar to that found for sunflower seed 
media (7). A. jlavus NRRL 3251 produced significantly 
less AFB 1 and AFG 1 thanA. parasiticus NRRL 2999 and 
no AFG 2 at all. There are indications that there are not 
only differential AFT levels produced on cooked and raw 
cocoa but also a preference of toxin production for 
fungal species or strains . The presence of the mold on 
cocoa is not an absolute case for aflatoxin occurrence. 
Due to the number of aflatoxigenic strains, it is 
suspected that some isolates could produce toxin on raw 
cocoa or possibly even the strains used herein may be 
producers under some environmental conditions. Ad
ditional aflatoxigenic strains, especially those native to 
Costa Rica should be evaluated. 

Wildman eta!. (18) appear to have made the only other 
mention of aflatoxin production under laboratory 
conditions on cocoa beans . Among the many foods they 
inoculated with A. jlavus NRRL A 13794 (a known 
producer of 1000 JAg AFB1 per gram of moistened 
sterilized wheat biscuits) they report for cocoa beans, 4JAg 
(total aflatoxin) per gram of media. There is no mention 
of the source of the cocoa bean or the culture medium 
preparations other than that the beans apparently were 
not sterilized. This low level of aflatoxin from a high 
producing strain supports Scott's (14) inference and our 
present study that non-heat-treated cocoa tends to yield 
.little or no aflatoxin. 

Further work is planned to evaluate the strain-specific 
agent as it relates to aflatoxin production as well as the 
apparent natural resistence of Costa Rican cocoa beans 
and other types of cocoa beans to aflatoxin occurrence. 
The rapid and simple extraction technique used herein 
seemed adequate for aflatoxin analyses and produced 
results similar to other methods of extraction . 
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ABSTRACT 

Preparation and service of hot entrees in hospital cook/ chill 

foodservice systems require two heat processes. After preparation and 

mixing, beef loaves composed of ground beef and eggs were 

heat-processed initially to end-point temperatures of 45, 60, 75, or 90 C 

in a convection oven operating at 121 ± 6 C; stored 24 h at 6 ± 1 C; 

portioned into 100-g slices; and single portions were microwave-heated 

to ~ 74 C. Four heat treatments of beef loaves were compared to a fifth 

treatment which excluded initial heating. Quality of beef loaf was 

evaluated by mesophilic and psychrotrophic aerobic plate counts , 

coliform counts. streptococcal counts and pH. Microbial reductions 

caused by handling and processing were: aerobic mesophilic plate 

count, 88 to 99 o/o; psychrotrophic aerobic plate count and coliform 
count,~ 99o/o; and streptococcal count, 71-99o/o. Increasing end-point 

temperature of initial heat processing consistently (P ~ 0.05) decreased 

m~sophilic and psychrotrophic aerobic plate counts. Coliform counts 

and streptococcal counts did not show a statistical relationship to 

end-point temperature of initial heat processing. No statistically 

significant differences existed in any microbiological counts among five 

treatments of beef loaf portions after microwave-heating. Varying 

end-point temperature of initial processing had no consistent 

statistical effect on the pH of beef portions . Temperatures of~ 74 C for 

microwave-heating of beef portions after chilled storage and before 

service are strongly recommended since chilling 5000 g of beef loaf to 

~ 7 C required 10 to 14 h at 6 C. 

New types of foodservice systems, such as cook/chill 
systems, require more than one heat process for 
production of entrees (23). The cook/chill foodservice 
system is characterized by initial heating of entrees on 
the day before service, followed by refrigerated holding 
and terminal heating of entrees immediately before 
service. Entrees in cook/chill systems are frequently 
given a mild initial heat treatment to preserve sensory 
quality (14) . Interviews with six foodservice administrators 
in hospitals that use cook/chill foodservice systems 
indicated that entrees containing meat are cooked to 
about 75% of completion during the initial heat process. 
Temperatures used in initial heat processing of similar 
entrees varied among foodservice systems. End-point 
temperature (EPT) of initial processing of beef loaf in 
simulated cook /chill systems was reported to be 60 and 
74 C :3,6,24) . Bobeng (4) recommended EPTs of 60 C for 

initial heating and 74-77 C for terminal heating of 
entrees which are served hot in cook/ chill systems. 

Each process stage in a cook/ chill foodservice syste~, 
including initial heat processing, contributes cumula
tively to the net microbiological condition of the finished 
product (8). Microbiological quality of hot entrees 
subjected to two heat treatments was evaluated in 
;ook/chill systems under simulated and under actual 
operating conditions in eight studies (fable 1). Data 
from these tests indicate that products , when handled 
according to described procedures, were in good 
bacteriological condition at point of service. Presence of 
pathogenic organisms at point of service indicates that 
a potential hazard exists if food is mishandled or if 
toxin-producing bacteria are present. With present 
technology the uneven distribution of power to food in 
microwave ovens during heat processing results in 
uneven heating of food (I 1.15). Hence, implications for 
microbiological quality of food should be considered. 

Since range in EPT of initial heat processing is evident 
under actual and simulated operating conditions (Table 
1) and since effects of EPT of initial and terminal heat 
processing on food safety have not been evaluated 
throughout processing, this study was initiated. The 
purpose was to vary EPT of initial heat processing for 
beef loaves initially cooked in a convection oven, stored 
24 hat 6 C and heated for service in a microwave oven to 
~ 74 C. Microbiological quality of beef loaves was 
observed throughout five process stages in a simulated 
cook/chill foodservice system. 

MATERIALS AND METHODS 

Beef loaf was selected for study because it has a compact consistency 

which facilitates temperature measurements. Preliminary tests were 

made to standardize food and equ ipment handling procedures that 

were to be controlled during the four trials of the experiment (10). Each 

trial simulating preparation of beef loaf in a cook /chill foodservice 

system included five process stages (Fig. I) . Four trials were conducted 

in four successive weeks. Beef loaf was cooked initially to 45, 60. 75 or 

90 C; in a fifth treatment for beef loaf (Treatment N), initial heat 
process ing was excluded (Fig. I) . 

' • 
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TABLE I . Microbiological quali~)' of hot entrees subjected to two heat processes under actual and simulated operations in cook/ chill 
{oodservice svstems. . . 
Investigator 

(year) 

Laboratory simulations 
I. Tuomi et al. (21) 

2. Tuomi eta!. (22) 

3. Bunch eta!. (5) 

4. Bunch eta!. (6) 

5. Za llen et al. (24) 

6. Bobeng (2) 

Actual operations 
7. Cremer and Chipley 

(9) 

8. Nichola nco and 
Matthews (18) 

Product 

quantity/ trial 

Ground beef gravy 
30 kg 

Ground beef gravy 
30 kg 

Beef-soy loaf 
5 .2 kg 
Beef-soy loaf 
5.2 kg 

Beef loaf 
10.8 kg 

Beef loaf 
7.2 kg 

Spaghetti 

Chili 

Beef stew 
5.7liters 

Initial heat processing 

Time 
(min) 

-

-

43 

43 

60 

35 

42 
(27-54)b 

67 
(33- 11 5)b 

-

EPTa Equipment and 
(C) operating 

temperatureC 

> 70 Steam jacketed 
kettle 

> 70 Steam jacketed 
kettle 

60 Convection 
oven (12 1 C) 

60 Convection 
oven (121 C) 

74-77 Electric deck 
oven (163 C) 

60-63 Convection 
Oven (158 C) 

88 Steam jacketed 
(85-93)b kettle-302 or 

379liters 

85 Steam jacketed 
(74-98)b kettle-302 or 

3791iters 

- Steam jacketed 
kettle 

aEPT = end point temperature of food at end of initial heat processing. 
bRange. 
clndividual portions were heated in a microwave oven. 
d60 individual meals per oven. 

Time 

35 min 
(31-53)b 

60 min 

55 sec 

55 sec 

42 min 

90 sec 

23 min 
(20-25)b 

28 min 

Terminal heat processing 

EPTa 
(C) 

43 

74 

80 

80 

74 

74-77 

68 
(34-
96)b 

73 
(38-
98)b 

60-63 

Equipment 
operating 
temperatureC 

Compartment 
steamer 

Compartment 
steamer 

Microwave 
ovenc 
Microwave 
ovenc 

Electric 
deck oven 
(163 C) 
Microwave 
ovenc 
Convection 
ovend 

Convection 
ovend 

Microwave 
ovenc 

Indicator of microbial quality 

Organism Count at 
or test point of 

service 
(Colonies/ g) 

Aerobic plate count 830 
Clostridium perfringens 0 
Coagulase-positive 0 
staphylococci 

Clostridium per/ringens 
inoculum 

(1.4 x 104cells/ g) 0 
Aerobic bacteria 4.900 

Staphylococcus au reus 
inoculum 

(5 .0 x 103 cells / g) 3 
Standard plate count 0-100 

Aerobic plate count 230 

Total plate count 1,480 
Coliform 80 
Clostridia 365 
Staphylococci 20 
Total plate count 1.200 
Coliform 75 
Clostridia 210 
Staphylococci 20 
Aerobic bacteria 66 .000 
coliform <IO 

• 
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STAGE I 
PREPARNG 

INGREDIENTS 

PROCESS STAGES 

ST.oGE 3 
STAGE 2 INITIAL 

t.AIXING HEAT 
INGREDIENTS PROCESSI'IG 

STAGE • 
24 H CHILLED 

STORAGE 

STAGE !I 
TERt.AINAL 

t€AT 
PROCESSING 

Af>Cm,APCp, C.S 

t:::::::: =:::::::: = ~Cm,APCp.C.S 
APCm, APCp1C,S 

APCm.,APCp,C,S APCm pH 

pH --pH ~ APCm, APCp, c,s-APCm. APCp,C,S 

7!1'C-APCm-APCm, APCp.. C,S- pH 

APCm, APCp,C,S 

go'C--APCm-14PCrn, APCp• C,S- pH 

TIME AND TEMPERATURE 

APCm•MESOPHILIC AEROBIC PLATE COUNT 

"PCp•PSYCHROTROPHIC AEROBIC PLATE COUNT 

a=END POINT TEMPERATURE OF INITIAL COOKJNG 

069 * 
C • COUFORt.A COUNT 
S = STREP'TOCOCCAL COUNT 

pH:zpH 

Figure 1. - rests used to monitor quality of beef loaf during five 
process stages in a simulated cooklchillfoodservice system. 

Preparation of loaves 

Fresh ground beef (29.9 kg) was purchased from a local retail outlet 

on the first day of each trial. Ground beef was blended mechanically in 
a mixer (Model S-601 , Hobart Corp., Troy, OH) for IS min in a 30-liter 

stainless steel bowl at Number I Oow) speed to form a homogenous 
mass (Process Stage I) . Three kilograms of raw eggs were added to 

ground beef; ingredients were mixed for an additional 10 min at 
Number I speed (Process Stage 2). Five thousand grams of the beef 

mixture were packed into each of five preweighed pans (30.5 x 50.8 x 
6.4-cm; Model 7430-2, Vollrath, Sheboygan, WI). Four loaves of 

approximately equal size were formed from the mixture in each pan. 
Each pan of beef loaf was heated initially in a pre-heated oven 

(Model ROG 1, Vulcan Thermaire, Gas convection oven, Baltimore, 
MD; single rack in position 6; load control 6) at 121 ± 6 C. When the 
center, internal temperature of the loaves reached 45, 60, 75 or 90 C, 
the pan with the loaves was removed from the convection oven. Pans of 
loaves were covered with aluminum foil and stored in a walk-in 

refrigerator (6 ± I C) for 24 h. 
After chilled storage, loaves were sliced into 100-g portions. Portions 

of beef loaf were heated in a microwave oven (Model 12SOL, Hobart 
Corp .. Troy, OH) operating at 2450 MHz on a 3-phase, 208 V circuit . 

Calculation of wattage output according to the method of Bobeng and 
Dav id (3) showed that the microwave oven operated at 24 .3% below the 

manufacturer's rating for output wattage. 
Ten portions of beef loaf (11.5 x S x 2.5-cm) were selected randomly 

from the four loaves in each of five pans of beef loaf (Fig. 2). 
Temperature measurements of portions were made 30 sec before 

microwave-heating and 60 sec after heating. Estimated time to heat one 
portion was based on I 0 trials with portions from the same batch of 

beef loaf. When portions did not reach ~ 74 C, they were heated in 
the microwave oven for five additional seconds. Time was measured 

with a stopwatch (Galea by Racine , Switzerland). 

Microbiological analyses 

Total mesophilic aerobic plate count (APCm), total psychrotrophic 
aerobic plate count (APC ), coliform and streptococcal counts were 
used to determine microEiological quality of beef loaf throughout 
processing (Fig. I). Samples were collected aseptically, placed in sterile 
Whirl Pak bags (Nasca, Fort Atkinson, WI) , and refrigerated on ice 

until tested . APCm and APCP were determined on .Plate Count agar 
(Difco) using the pour plate method ([3) . Locattons tn the pan of beef 

loaf for test samples are shown in Fig. 2. Coliform counts were made 
with Violet Red Bile (VRB) agar (Difco); and streptococcal counts with 
KF Streptococcus agar (Difco) (I 3). Duplicate counts were made at all 

process stages. Plates hav ing 30-300 colonies were counted using a 

Quebec Colony Counter. 

- ------- LOAF NUMBER - - ------

Ia 

2 

3 

4 

5 

30.5 c m 
6 

7 

8 

9 

10 

II m 
II 

5M-3 
21 31 

12 22 32 

13 23 33 
5M-10 

14 24 3 4 

15 25 35 
3PC-2 

16 5M 8 26 36 
5PC-2 4PC-2 

5M 6 17 5M 7 27 37 

5PC-I 5M-9 

IBA • 1rse 28 38 

3PC-rb: 4PC-I 

19 29 39 

20 30 40 
SM- 1 

50.8 ern 

KEY : PROCESS STAGE QUALITY TEST 

3•1NrTIAL COOKING M=TIME, TEMPERATURE, 
4zQ-11LLED SfOR..tGE WEIGHT AFTER 
5=~1CROWAVE- MICROWAVE-HEATING 

HEATING PC=MICROBIOLOGK:AL 
PLATE COUNTS 

pH=pH 

a . •·THERMOCOUPLE LOCATION 

0-
5M-4 

5M-5 
5pH- I 

5M-2 

SAMPLE NUMBER 

1-10 

I-2 <APCm, APCp, 
COLIFORM 
STREPTOCOCCAL> 

b. APCm ONLY ' 

Figure 2. Locations in a pan of be~( loa( o( samples used for 
microbiological tests at process stages 3. 4. and 5 q( the cook/ chill 
(oodsen ,ice systenz. 

Objective measurenzents 

The pH of beef loaf was determined (pH Meter. Model 10, Corning 
Scientitic Instruments, Corning Glass Work, Corning, NY) according 
to the recommendations of Bendall(/). To each sample (2 gl (Fig. 2) of 

beef loaf. 40 ml of KCI at ISO mM were added. Samples were mixed I 
min at medium speed in a blender (Model 878, John Oster Mfg., 
Milwaukee, WI) and allowed to stand at room temperature (26 C) for IS 

min . 
Temperature measurements in beef loaf during Process Stages 1, 2 

and S were made using a low-temperature pyrometer and probe·type 
thermocouple (Type 2300 B. Alnor Instrument Co., Chicago. IL). 

Temperature measurements during Process Stages 3 and 4 were made 

using copper·constantan thermocouples plugged into two multi·point 
recording potentiometers (Model I 53 x 64 x P8H-ll-lll-42, Process 
Stage 3: Model I 53· 72Pl2·26, Process Stage 4; Minneapolis· Honeywell 

Regulator Co., Minneapolis, MN; Fig. 2) . 

Statistical analyses 

Analysis of variance , t-test for significance and trend-t test were 
calculated on data according to accepted methods (20). 

RESULTS AND DISCUSSION 

Data in Table 2 are pH and mean percent of initial 
microbiological counts in processed beef loaf from four 
simulations of a cook /chill food service system. Values for 
APCP , APCm , coliform and streptococcal counts of raw 

ground beef were similar to published values (8,12,19). 

Values for pH observed for all treatments of beef loaf at 
Process Stages 1, 2 and 5 in this study indicated that 
based on this criterion, portions of beef loaf were near 
optimal growth conditions for bacteria throughout 
handling. At Process Stage 3, Treatment N and beef loaf 
cooked to 45 C appeared to have greater mean percent of 
initial APCm than did beef loaf portions initially heat 
processed to 60, 75 or 90 C. At Process Stage 4, the 
trend-t test indicated that raising the EPT of initial heat 
processing had a consistent effect on lowering the APCm 
and APCP. At Process Stage 5, no statistically significant 
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TAB LE 2. M ean percent of initial m esophilic and psychrotrophic aerobic plate counts. coliform and streptococcal counts wtd pH in be~!" lo<(!" 
process<'d in fo ur simulations of a cookl chil/ foodserv ice system . 

Process stage pH a 
Aerobic meso!Wilic 

plate count 
Aerobic psychrotlfphic 

plate countc, 
Colifor:p 
count e. 

Streptoc~ca l 
countg• 

__________ ___.Mean o/o of initial counts in heat processed beefloat)h ----------
3. Initial heat 

processing 
(Convection 
oven at 121 ± 6 C) 

Ni 
45k 
60k 
75k 
90k 

4. Chilled storage 
(24 h at 6 ± I C) 

Ni 
45k 
60k 
75k 
90k 

5. Terminal heat 
processing 
(Microwave 
oven.' ;;;> 74 C) 

Nt 
45k 
6oi 
75k 
90k 

_j 

6.20 
6.20 
6 .22 
6.23 
6.24 

a Process Stage I, pH 5.9; Process Stage 2, pH 6.0. 
bcount of unprocessed beef loaf, Process Stage 2; 2.1 x 105 . 

ccount of unprocessed beef loaf, Process Stage I ; 2.4 x 10' . 
dMean of Simulations 3 and 4 . 
ecount of unprocessed beef loaf, Process Stage I ; 5.1 X 102• 

fMean of Simulation 4 . 

100 
81 
20 
13 
20 

25 
31 
9 
8 

13 

4 
12 
5 
2 
I 

gCount of unprocessed beef loaf. Process Stage I ; 1.9 x 10' . 
h(Count in heat processed beefloaf/count in unprocessed beef loaf) x 100. 
1i = Treatment of beef loaf which excluded initial heat processing. 
JNo data ava ilab le . 
kEnd point temperature of initial heat processing . 
!2450 MHz; specified power output by manufacturer, 1250 W . 

ditferences existed among values for APCm, APCp, 
coliform or streptococcal counts in five treatments of 
beefloaves after microwave-heating. The accuracy of the 
four bacterial counts made on portions of beef loaf 
immediately after heat processing at Process Stages 3 
and 5 is questionable because of the possible presence of 
heat injured cells and / or heat shocked spores. 

Viable streptococci (more heat resistant than psychro
trophs or coliforms) remained in five treatments of beef 
loaf after microwave-heating. Regardless of the EPT of 
initial heat processing, streptococci present naturally, or 
because of post-cooking contamination, were not entirely 
eliminated by microwave-heating to~ 74 C. 

Results of this study, and those of Bobeng (2), Bunch 
et a!. (5) and Zallen eta!. (24) on microbiological quality of 
beef loaves cooked to EPTs of 60 or 75 C in simulated 
cook / chill foodservice systems are given in Table 3. 
Contrary to the findings of Bunch et a!. (5) and Bobeng 
(2), populations of all bacteria for which tests were done 
in this study and which were present at Process Stage 3 
decreased in number during 24 h of storage at 6 C 
(Process Stage 4). Microwave-heating of beef loaves at 
Process Stage 5 did not change log values for APCm in 
results reported in this study or in the study by Bobeng 
(2). However, Bunch et a!. (5) reported two decimal 

2 1 <;; ] 80 
9 H 37 

<;; 1 <;; 1 46 
<;; 1 <;; 1 24 
<;; 1 <;; ] <;; 1 

<;; 1 <;; 1 <;; 1 
<;; 1 <;; 1 <;; 1 
<;; 1 <;; 1 <;; 1 
<;; 1 <;; 1 .;; 29 
<;; 1 <;; 1 <;; 1 

reductions in APCm of beef loaves after microwave 
heating at Process Stage 5. Sampling variation, handling 
technique , environmental conditions , recipe formulation 
and type of bacteria present can influence the 
microbiological quality of beef loaf. Values for APCm 
reported by Bobeng (2) are probably lower than values 
reported by this study and by Bunch et a!. (5) at Process 
Stages 3, 4 and 5 because Boben_g (2) used loaves of 
smaller dimensions (Table 3). While 5.0 to 5.2 kg of loaf 
mixture per pan were used in this study and in the study 
by Bunch et a!. (5) (Table 3), the APCm reported by 
Bunch et a!. (5) were probably lower than the APCm of 
the present study at Stage 5 (Table 3) because 80 C was 
the EPT of terminal heat processing in their study (Table 
1). APCm reported by Zallen et a!. (24) (Table 3) 
decreased after initial heat processing (Process Stage 3) 
to ~ 100/g. The low counts reported by Zallen et a!. (24) 
could be related to weight and dimension of the beef 
loaves (Table 3) , EPT of initiai heat processing (Table 1), 
and location for obtaining samples for microbiological 
analysis (Table 3). 

Thirteen hours of cooling time were required for beef 
loaf initially cooked to 90 C to reach ~ 7 C when stored 
at 6 C. Ten hours of cooling time were required for beef 
loaf initially cooked to 45 C to reach ~ 7 C when stored 

' 

' ' 
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TABLE 3. M esophilic aerobic plate counts of beef'loaves initially heat processed to 60 or 75 C in simulated cook/ chill food service systems at jive 
processmg stages. 

Investigator (Reference) and end point temperature of init ial heat processing 

60C 75C Process 
stage Present study8 Bob eng (2)" Bunch et al. (5)8 Present study8 Zallen et al. (.24) 6 

(Equivalency) 
I . Preparation 
2. Mixing 
3. Initial heating 
4. Chilled storage 
5. Terminal heating 

2.1 X 105 

1.9 X 105 

4.lxl()'' 
1.9 X JO<C 

1.1Xl04 

3.1 X 106 

2.7 X 102 

3.2 X 102d 
2.3 X 102 

asampling location for aerobic plate count, center of loaves. 
bsampling location for aerobic plate count , end of loaf and bottom of loaf. 

(cells/ g) 
3.8 X 106 

6.5 X 104 

1.0 X 105e 
4 .7 X 103 

2.1 X 105 
1.9 X 105 

2 .7 X 104 

1.7 x 1o•f 
4. 1 X 103 

7.Sx 104 

1.3 X 105 

< 100g 
< IOOg 
< 100 

. 

cPan size: 30.5 x 50.8 x 6.4-cm. Weight: 5.0 kg loaf/ pan. Temperature of refrigerated storage: 6 ± 1 C. 
Cooling time from 60 to 7 C; 11 h ; from 49 to 16 C: 4-5 h . 

dPan size: 20 x 5 x 10-cm. Weight: 0.9 kg loaf/pan. Temperature of refrigerated storage : 3 ± 1.7 C. 
Cooling time from 60 to 7 C: 5 h ; from 49 to 16 C: 2 h. 

ePan size: 30.5 x 50.8 x 6.4-cm . Weight: 5 .2 kg loaf/pan. Temperature of refrigerated storage: 5 C. 
Cooling time from 60 to 7 C: 7 h; from 49 to 16 C: 5 h. 

fPan size: 30.5 x 50.8 x 6.4-cm. Weight: 5.0 kg loaf/pan. Tempera ture of refrigerated storage: 6 ± I C. 
Cooling time from 60 to 7 C: 13 h ; from 49 to 16 C: 4-5 h . 

gPan size: 22 x 11 x 6-cm. Weight : 0.9 kg loaf/ pan. Temperature of refrigerated storage: 6 C. 
Cooling time not reported. 

at 6 C. Cooling times for beef loaf heated initially to 60 or 
75 C were within these ranges (Table 3) . The critical time 
and temperature range for bacterial growth is from 40 to 
16 C for> 2 hand from 60 to 7 C for> 4 h (17). The four 
treatments of beef loaf in this study that were heat 
processed initially, required > 4 h to reach .;;; 7 C. 
Regardless of weight of portions of beef loaf or size of 
cooking container, no researcher of cook/ chill food
service systems met the recommendation of Longree (I 7) 

to cool food from 60 to 7 C in 4 h. 
Results of microbiological investigations in laboratory 

simulations of foodservice systems may provide data for 
minimum expected bacterial counts in food. Pans of 
small size (20 x 5 x 10-cm) and beef loaves of .;;; 1 kg 
should be considered for use in actual foodservice 
operations to improve microbiological quality ofbeefloaf 
during heat processing and subsequent chilling in 
cook/ chill foodservice systems. Length of heating 
portioned food in microwave ovens is controlled ; this 
method of heating food results in a wide range of 
temperature within the food (I 1,16). Microbiological 
safety of portioned food has been related to EPT (I 7) . 

Findings from this study show that regardless of the 
extent of initial heat processing (Process Stage 3), 
terminal heat processing in a microwave oven to ;;?; 74 C 
(Process Stage 5) can be used as a control point to reduce 
variability in microbiological quality of beef loaf 
portions. 
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ABSTRACT 

The effect of three commercial soy proteins on growth and 

prod uction of en terotoxin by Staphylococcus aureus S-6 was 

determined. Sterile isolated soy protein OSP), soy protein concentrate 

(S PC). and textured soy protein (TSP) were adjusted to 20% protein by 

diluting with sterile nutrient medium , inoc ulated with S. au reus S-6 and 

incubated at 37 C. Generation times of S. au reus S-6 in ISP, SPC, and 

TSP were 41, 38, and 33 min , respectively. At 48 h, log 8.4 - 8.5 

organisms/ g were found in the soy products, and staphylococcal 

enterotoxin A (SEA) and staphylococcal enterotoxin B (SEB) were 

produced. Each of three hydrated soy protein products was added to 

ground beef or pork sausage to attain 20o/o (wt/ wt) and cooked to 71 C. 

Each product was then inoculated and incubated at 37 C. Generation 

times of S. aureus S-6 did not differ significantly for any beef-soy or 

pork-soy samples compared to beef or pork sausage controls. 

Production of SEB (12-72 h) was similar in most beef-soy and pork-soy 

samples compared to controls , but was significantly lower in the 

beef-SPC product and beef-TSP and significantly higher in pork-ISP. 

Small quantities of SEA were produced in beef, beef-soy, pork , and 

pork-soy samples. Possibly reduction of enterotoxin production in some 

meat-soy samples was due to outgrowth and competition by spore 

contaminants of the soy proteins that survived cooking. Production of 

SEB in all beef-soy and beef control samples was not significantly 

different when raw samples were autoclaved before inoculation . 

Proteins derived from soybeans account for a large 

portion of the vegetable protein supplements used in 

recent years. The soybean is processed to yield several 

forms of protein: isolated soy protein (minimum 90o/o 

protein), soy protein concentrate (minimum 70 o/o 

protein), and soy flour and textured soy protein (40-60o/o 

protein). These soy proteins are used in ground meats 

and sausage-type products as meat extenders or for their 

functional properties. 
Research on the effects of soy proteins on microbial 

growth has been limited. Judge et al. (5) reported no 

increase in total numbers of spoilage bacteria in ground 

beef supplemented with either soy protein concentrate or 

soy flour when stored at 4 C for 7 days. Craven and 

Mercuri (J) found that certain soy proteins stimulated 

growth of spoilage bacteria when added to ground beef 

and chicken and stored at 4 C. Other reports have shown 

that soy proteins stimulate growth of Clostridium 

pe1fringens in turkey loaf but not in beef loaf (1, 9). 

Kokoczka and Stevenson (6) showed that soy flour · had 

no effect, and cottonseed protein a negative effect , on 

growth of C. p erfringens when added to beef, chicken, or 1 

turkey. Fung (4) reported that fish protein concentrate 

supported production of staphylococcal enterotoxin B 

(SEB) and, when added to some foods , increased yields of 

SEB. Tatini et al. (I I) demonstrated the production of 

staphylococcal enterotoxins A (SEA) and D (SED) in a 

liquid medium containing 1.8 o/o protein from fish protein 

concentrate. Growth but no enterotoxin was found in the 

medium with 1.8 o/o isolated soy protein. To our 

knowledge, no published reports describe the effect of 

soy protein supplements on S. aureus growth and toxin 

production in ground meat products. We undertook this 

study to determine the effect of isolated soy protein, soy 

protein concentrate, or textured soy protein on the 

growth of S. aureus S-6 and production of SEA and SEB 

in cooked ground beef and pork sausage. 

MATERIALS AND METHODS 

Soy proteins 

Commercial preparations of isolated soy protein OSP), 90% protein 

dry weight; soy protein concentrate (SPC), 70% protein dry weight; and 

textured soy protein (TSP), 56% protein dry weight were used for this 

study. The TSP contained as additives ferrous sulfate, niacinamide, 

calcium pantothenate, vitamin B6 , riboflavin , vitamin B1 and vitamin 

B, . In the first series of experiments , we determined growth of and 

enterotoxin production by S. aureus S-6 in a medium with soy as the 

only protein source. The soy proteins were spread as thin layers on 

aluminum foil and autoclaved at 121 C for 10 min on 2 successive days . 

A sufficient volume of filter-sterilized solution containing 0.25% 

dipotassium phosphate, 0.5%sodium chloride, and 0.25 % dextrose was 

used to adjust soy proteins to a protein level of 20 % (wt/ wt) . The 

medium containing SPC was adjusted from pH 5.0 to 6.8. Portions (25 

g) were placed into 40 x 15 mm sterile petri dishes and inoculated. 

Soy-supplemented ground meat 

In the second series of experiments we determined growth and 

enterotoxin production of S. aureus S-6 in ground beef or in pork 

sausage supplemented with soy proteins hydrated with distilled water. 

Beef was ground from boneless round obtained at a local supermarket. 

Pork sausage was obtained from a local processor and prepared by the 

addition of 1.75% (wt/wt) NaCl to breakfast sausage mixture 

containing no NaCl or spices. The dry soy proteins (not sterile) were 

hydrated 2.5 to 1 with distilled water and without pH adjustment they 
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were added to ground meats to give a 20% (wt/ wt) soy product level. For 
pork sausage combinations the final mixture was adjusted to 1.75% 
NaCI. The soy-meat combinations and their corresponding meat 
controls were mixed in a meat grinder (Sears 400.8260), and 28- to 29-g 
portions of each placed in 40 x 15 mm petri dishes to form patties, 
which were removed from the dishes, placed on foil in trays , and cooked 
to an internal temperature of 71 C in a Despatch rotary oven set at 191 
C. The cooked patties were placed in 40 x 15 mm sterile dishes and 
stored frozen until inoculation. For inoculation the patties were thawed 
to room temperature, removed from plates , and steamed for 3 min to an 
internal temperature of71 C and placed in 40 x 15 mm sterile dishes . 
Inoculum 

Staphylococcus au reus S-6, a strain that produces large quantities of 
SEB and small quantities of SEA, was obtained from J. N. Baldwin, 
University of Georgia . A loopful was transferred from stock culture on 
nutrient agar slants to 10 ml of nutrient broth and incubated 
aerobically at 37 C for 24 h. Samples ofO.l ml each were transferred to 
10-ml tubes of nutrient broth . The cultures were incubated at 37 C for 
16 h and centrifuged at 12,100 x g for 20 min. The pellets were 
washed and suspended in sufficient 0.85% saline to yield an 
absorbance reading of 0.33 at 540 nm on a spectrophotometer (Bausch 
and Lomb Spectronic 20). For enterotoxin production studies, a surface 
inoculum of0.25 ml of this suspension per 25 g of sample gave an initial 
5.6 x 10s colony-forming units (CFU) /g. To determine growth rates of 
S. aureus S-6, 25-g samples were inoculated with 0.25 ml of a 1:10 
dilution of the above suspension . Inoculated samples were incubated at 
37 C for up to 8 h for the growth studies and up to 72 h for the 
enterotoxin production studies. 
Growth of S. au reus in soy proteins and soy-supplemented meats 

We measured the colony-forming units of bacteria by preparing a 
1:10 slurry of the soy, meat, or meat-soy samples with 0.1 o/o 
peptone-water, mixing with a Colworth stomacher 400 for 1 min , and 
spread-plating 0 .1-ml amounts of serial dilutions on Vogel-Johnson 
(V -J) agar and brain heart infusion (BHI) agar plates. The BHI agar 
plates were incubated at 37 C for 24 h and V -J agar plates for 48 h. 
Generation times were determined by use of the formula g=(0.3 x 

}l/Oog a -log b), where g = generation time in minutes , t =elapsed time 
' in minutes , a =CFU of S. aureus after 8 h of incubation and b = CFU 
after4 h of incubation. 
Enterotoxim analysis 

After each of 12, 24, 48, and 72 h of incubation, four patties of each 
inoculated product were pooled and extracted by the procedure of 
Reiser et a!. (8) with some modifications . Each composite sample was 
combined with 120 ml of distilled water in a pint blender jar and mixed 
for 3 min on an Oster blender 497 set at stir-mix high . The resulting 
slurry plus 20 ml of wash from the blender jar was adjusted to pH 4.5 
with 5 N HCl and stirred for 15 min. The sample was centrifuged at 
16,300 x g for 20 min at 4 C. After the supernatant fluid was decanted. 
the sediment was suspended in 80 ml of distilled water and centrifuged 
again. The supernatant fluids were combined, adjusted to pH 7.4, 
extracted with 1:4 volume chloroform, and centrifuged at 4080 x g in 
polypropylene centrifuge bottles for 5 min at 4 C. The aqueous layer 
was removed and again extracted with chloroform. A 20-ml portion of 
packed ion-exchange resin (Biorex 70, 200-400 mesh, Bio-Rad Labs) 
was mixed per 100 ml of extract, adjusted to pH 5.7, and mixed for 45 
min with a magnetic stirrer . The resin was filtered with a Buchner 
funnel and washed with 250 ml of 0.015 M sodium phosphate buffer 
(pH 5.9) containing 0.09% NaCI. Enterotoxin was eluted from the resin 
in 40 ml of0.15 M dibasic sodium phosphate buffer (pH 6.8) containing 
0.9% NaCl and stirred for 45 min . The resin was then removed by 

filtration through a Buchner funnel and washed with 50 ml of the 
elution buffer (pH 6.8). The filtrate was placed in dialysis tubing and 
concentrated overnight in 30% Carbowax 20,000 at 4 C. After tlie 
tubing was soaked in warm water for 15 min , the contents were washed 
from the tubing by use of five 2-ml portions of distilled water , for a to'tal 
of 10 ml of wash , which was lyophilized overnight and rehydrated to 2 
ml with distilled water. 

To prepare material for the slide test , we incubated a 1:1 mixture of 
the sample and 1.0% trypsin at room temperature for 30 min. The 
remaining insoluble material was removed by centrifugation at 27,000 x 
g for 20 min. Subsequent twofold dilutions of the supernatant fluid 
were made in distilled water for the slide test as described by Casman 
et a!. (2) . Reference enterotoxins and antisera were obtained from R. 
W. Bennett, FDA, Washington, D. C. The quantity of enterotoxin 
produced was determined by multiplication of the reciprocal of the titer 
by the sensitivity of the slide test (0.05 )Jg/ ml, R. W. Bennett , personal 
communication). 
Statistical analysis 

Data for growth rates were analyzed by linear regression analysis. 
Data for enterotoxin production were subjected to analysis of variance 
and Duncan's _multiple range test. 

RESULTS AND DISCUSSION 
The generation times and production of SEA and SEB 

for S. aureus S-6 at 37 C in media with soy proteins as 
their sole source of protein show that, in any of the three 
forms tested, soy protein was capable of supporting 
growth and enterotoxin production by S. aureus S-6 
(Table 1). All tested soy proteins supported production of 
SEB . Only SPC failed to yield detectable quantities of 
SEA. Production of less SEA than SEB is a trait typical 
for strain S-6. In contrast to our results, Tatini et a!. (I 1) 
reported no SEA or SED production for S. aureus in 
isolated soy protein (pH 7.0) . However , in addition to 
using a different strain (Z-88), they used 1.8% whereas 
we used 20% soy protein in the S. au reus growth media. 

In other experiments, growth rates for S. aureus S-6 in 
ground beef and pork sausage supplemented with 20% 
(wtlwt) soy protein products hydrated with distilled water 
were determined (Table 2). The initial pH of cooked beef 
differed little from the pH values of the beef-soy 
combinations. Generation times of S. aureus S-6 in these 
products varied from 36 to 41 min . The initial pH of 
cooked pork sausage differed from the pH values of 
pork-soy combinations by no more than 0.4 pH unit. The 
generation times in pork and pork-soy samples varied 
from 33 to 35 min. Generation times did not differ 
significantly (P<0.05) in beef-soy or pork-soy combi
nations compared to their respective controls. Total log 
viable cells recovered per gram at 12 h were 8.9 for beef, 
8.5-8.9 for beef-soy products, 8.7 for pork, and 8.7 · 8.9 
for pork-soy products and remained at similar levels 
through 72 h of incubation . Beef and pork sausage 
apparently provide a rich nutrient source for growth of S. 

TABLE 1. Growth rates and enterotoxin production a.fter48 hat 37 C ofStaphylococcus au reus S-6 in soy protein media adjusted to 20% protein. 

Gen'iration LogCFU/ g1 
SEB1 

SEA1 Protein source Initial pH time (min) (48 h) l~g/ 100 g) f~g/ 100 g) 

Isolated soy protein 7.0 41 8.5 4.0 0.5 Soy protein concentrate 6.8 38 8.4 2.4 <0. 2 Textured soy protein 6.7 33 8.5 6.4 0.8 
1 Results reported as the mean of two replicate trials 

' 

' , 

.. 
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TABLE 2. Growth rates at 37 C of Staphylococcus aureus S-6 in 
cooked ground meats supplemented with 20% hydrated soy proteins. 

Meat·soy combination 

Beef 
Beef+ isolated soy protein 
Beef+ soy protein concentrate 
Beef+ textured soy protein 

Pork 
Pork+ isolated soy protein 
Pork+ soy protein concentrate 
Pork+ textured soy protein 

Initial pH 

5.9 
6.1 
5.6 
6.0 

6.5 
6.7 
6.1 
6.6 

Mean gyne ration 
time (min) 

36 
36 
41 
39 

33 
33 
35 
33 

1 Results are reported as the mean of generation times from two 
replicate trials for beef and one trial for pork . 

aureus, and addition of 20o/o soy products, which 
changed the pH only slightly, apparently neither 
stimulated nor inhibited growth. 

Although growth of S. aureus was similar in all-meat 
and meat-soy products, this is not necessarily true for 

enterotoxin production. Troller (12) showed that con
ditions having little or no effect on S. aureus growth may 
affect production of enterotoxins. In beef and in pork 
sausage, SEB quantities could be detected after 12 h 
and increased until they leveled off at 48 h (Table 3). 
McCoy and Faber (7) reported that slurries prepared 
from cooked pork did not support growth of staphy

lococci and production of SEA as well as did slurries 
from cooked ham or beef. However, in our experiments, 
generation times (Table 2) and production of SEB (Table 
3) were comparable in pork sausage and beef. 

Addition of 20o/o soy protein to ground beef and pork 
sausage influenced production of SEB by S. aureus S-6 
(Table 3). Beef with added TSP or SPC had significantly 
lower quantities of SEB than did the control. Pork 
sausage with added ISP had significantly higher 
quantities of SEB than did the control or sausage with 
SPC or TSP. Production of SEA in beef and in pork 
sausage could not be detected after 12-24 h. In 100 g of 
sample at 48-72 h only small quantities were produced: 
beef (1.8 J-Ig), beef-soy products (<0.2-1.1 J-Ig) , pork (4.0 
JAg) , and pork-soy products (1.4-2.0 JAg) . aecause SEA 
quantities were low and data were limited , a statistical 
comparison was not included. 

Even though the meat products were cooked and 
reheated to 71 C, the possible survival of bacterial spores 
in these products could not be excluded. The bacterial 
counts (CFU) on BHI agar for non-inoculated meat and 
meat-soy patties incubated at 37 C are shown in Table 4. 
After 6 h of incubation , <log 2.0 CFU / g were detected 
for any samples. After 48 h of incubation, counts of 
bacteria ranged from log 8.5 CFU /g to log 9.1 CFU/ g for 
beef-soy products, pork, and pork-soy products. Less 
than log 3.0 CFU/ g were detected for beef controls. 
Microscopic examination of bacterial colonies revealed 

TABLE 4. Bacterial counts (24 h at 37 C) on brain-heart infusion 
agar .from non-inoculated cooked meat supplemented with 20% 
hydrated soy protein and incubated at 37 C. 

Bacteria counts 1 

Meal·soy combination (logCFU/ g) 

6 h 12 h 48 h 

Beef <2.0 <3.0 <3.0 
Beef+ isolated soy protein <2.0 3.6 8.5 
Beef+ soy protein concentrate <2.0 4.3 9.0 
Beef+ textured soy protein <2.0 <3.0 9.1 

Pork <2 .0 4.1 9.0 
Pork + isolated soy protein <2 .0 4.8 8.5 
Pork+ soy protein concentrate <2.0 5.9 8.8 
Pork + textured soy protein <2 .0 4.6 9.0 

1 Results are the mean of two trials; <2.0 indicates no colonies detected 
on plates of 10' 2 dilution; <3.0 indicates no colonies detected on plates 
of 10'3 dilution. 

Bacillus-like organisms, most of which formed spores. 
Evidently, the soy protein and pork contained some 
indigenous spore-forming bacteria that survived cooking. 

To determine if these indigenous bacteria might affect 
the SEB production by S. aureus when soy proteins were 
added to beef, we prepared patties as before and, instead 
of cooking them to 71 C, autoclaved them at 121 C for 15 
min before inoculation with S. aureus S-6 (Table 5) . 
Production of SEB after 12 and 48 h of incubation at 37 
C was not significantly different between the beef control 
and beef-soy samples. Thus, when all spore-forming 
bacteria were eliminated from the beef-soy mixtures, 
SEB production was similar (Table 5) in samples 
containing SPC and TSP and not lower (Table 3) 
compared to the control. 

TABLE 3. Production of enterotoxin B ISEB) at 37 C by S. au reus S-6 in cooked ground beef and pork sausage supplemented with 20% hydrated 

soy proteins. 

Meat-soy combination SEB production 1 f" g/100 g) 

12 h 24 h 48 h 72 h 

Beef control 4.8 12.8 102.4 76 .8 

Beef+ isolated soy protein 9.6 28.8 64.0 64.0 

Beef+ soy protein concentrate <0 .84 4.8 Jo .u 13.6 
Beef+ textured soy protein 6.4 8.0 8.0 16.0 

Pork sausage 0.5 4.8 76.8 76.8 

Pork+ isolated soy protein 0.9 12.8 307.2 307.2 

Pork+ soy protein concentrate <0.25 3.2 76.8 102.4 

Pork+ textured soy protein 0.6 1.2 51.2 51.2 

1 Results are reported as the mean of two replicate trials. 
2The mean of all 12 , 24, 48, and 72 h samples for a particular meat-soy combination. 
3 For each meat type , val ues within a column with the same letter are not significantly different (p<0.05). 

'For the mean of <0 .8 and 0.8, 0.8was used in stat istical analysis . 
5For the mean of <0.2 and 0.2 , 0.2 was used in statistical analys is . 

Overall mean2 f"g/100 g) 

49.2a, 
41.6a 

8.8b 
9.6b 

39.7a 
157.ob 
45.7a 
26.1a 
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TABLE 5. Production of enterotoxin B (SEE) at 37 C by S. aureus 
S-6 in autoc/aved (121 C-15 min) ground beef supplemented with 20% 
hydrated soy proteins. 

Beef-soy combination 

Beef 
Beef+ isolated soy protein 
Beef+ soy protein concentrate 
Beef+ textured soy protein 

SEB1 '~g/100 g) 

12h 48h2 

16.oa 
ND' 
4.8a 

ND 

38.4a 
64.oa 
38.4a 
25.6a 

1 Results are reported as the mean of two replicate trials . Values within 
a column with the same letter are not significantly different (p<0.05). 
2Mean SEA quantities / 100 g after 48 h: beef, 2.4 1-1g; beef-soy, 1.6-4.0 
1-'g. 
'Not determined. 

Growth of other food bacteria affects staphylococcal 
growth and enterotoxin production (7). Tatini et a! (10) 
found that, in raw milk with a very low bacteria count (40 
CFU / ml), growth of S. aureus can be inhibited. 

Conditions of our experiments (cooking and reheating 
of samples to 71 C, inoculation of large numbers of S. 
aureus, and an incubation tel!lperature optimum for S. 
aureus) probably favored growth of S. aureus over 
spore-forming bacteria. Under }ess string~nt conditions, 
production of enterotoxin by S. aureus might have been 
affected even more by other bacteria. McCoy and Faber 
(7) showed that inhibition of staphylococcal growth and 
enterotoxin formation by other food bacteria they tested 
was more pronounced at 25 C than at 35 C. 

The alternative possibility-that substances inhibitory 
to SEB production may occur in SPC or TSP-cannot be 
disregarded. Autoclaving could have altered the nutri
t ional properties of the beef-soy mixtures or destroyed 
any inhibitory substances. 

In conclusion, the soy proteins tested (ISP, TSP, SPC) 
did not alter the growth rates of S. aureus S-6 in beef or 
pork sausage. In the six combinations of beef or pork 
sausage with the soy proteins, only in the pork 

sausage-ISP mixture was enterotoxin production in
creased. 
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ABSTRACT 

The ability of the meat starter cultures, Pediococcus cerevisiae 
("Accel") and Lactobacillus plantarum ("Lactacel DS" ), to produce 
hydrogen peroxide was examined over a temperature range of 10 to 35 
C. The meat starter cultures were unable to produce and accumulate 
hydrogen peroxide under the conditions of the test. The amounts of 
hydrogen peroxide required to exert a bacteriostatic or a bacteriocidic 
effect upon both spoilage and pathogenic microorganisms are 
discussed. 

The meat starter cultures Pediococcus cerevisiae 
(" Accel ") and Lactobacillus plantarum (" Lactacel DS ") 
inhibited growth of Pseudomonas, Salmonella, and 
Staphylococcus organisms (5, 6). Hydrogen peroxide is a 
by-product of the metabolism · of some lactic acid 
bacteria (2). Its formation varies according to environ
mental conditions (J) and species or strains of the lactic 
acid bacteria. Some pediococci (7) and some lactobacilli 
(1) were found to form hydrogen peroxide. 

The advantage of hydrogen peroxide formation is the 
possible bacteriostatic or bacteriocidic effect on either 
spoilage or pathogenic microorganisms in association 
with the lactic acid bacterium. The disadvantage of 
hydrogen peroxide formation in meat products such as 
fermented sausage is the discoloration of meat due to the 
green oxidation products of nitrosylhemochrome (oxi
dized porphyrines). 

The objective of this work was to test the ability of the 
meat starter cultures to produce hydrogen peroxide. 

EXPERIMENTAL 

P. cerevisiae was obtained in a lyophilized form , "Accel" (NRRL 
B5624), while L. plantarum was purchased as a frozen concentrate, 
"Lactacel DS" (NRRL B5632). Both cultures were obtained from 
Merck & Co., Inc ., Rahway , NJ . 

The lactobacilli and pediococci were grown in APT broth (18 h at 30 
and 35 C, respectively). Each organism was prepared and suspended 
(109 cells/ ml) according to the method of Dahiya and Speck {I) using 
potassium phosphate buffer (pH 7.0, 0 .2 M P04) containing 0.25% 
{w/ v) Bacto Dextrose (Difco) and stored at 10, 15, 20, 25, 30 and 35 C. 

'Present address: Microlife Technics, Box 3917, Sarasota, Florida 
33578. 

The enzymatic method (peroxidase - 0 -dianisidine) of Gilliland {3) 
was used to determine hydrogen peroxide formation. The reaction end 
point was measured spectrophotometrically (400 nm) using a 1-cm glass I 
cell in a Beckman ACTA III spectrophotometer (Beckman Instru
ments , Inc., Palo Alto , CA). A standard curve was constructed by 
plotting the absorbance values against micrograms of hyd~ogen 
peroxide . The response was linear up to 12.5 J.lg of hydrogen peroxide. 

RESULTS AND DISCUSSION 

Hydrogen peroxide formation by L. plantarum and P. 
cerevisiae, as measured by absorbance values, was in the 
range of 0.001 to 0.058 for the storage temperatures 
used. The maximal absorbance value of 0.058 (L. 
plantarum on the third day of storage at 20 and 35 C) is 
equivalent to about 0.85 JAg of hydrogen peroxide per ml 
of cell suspension. These results show that essentially the 
meat starter cultures used did not accumulate sufficient 
hydrogen peroxide for antimicrobial activity under the 
experimental conditions used. 

Much more hydrogen peroxide is needed to repress 
growth of spoilage and pathogenic microorganisms. 
Dahiya and Speck (J) found that 6 JAg of hydrogen 
peroxide were bacteriostatic to Staphylococcus aureus 
and that a range of 25-35 JAg hydrogen peroxide/ ml was 
bacteriocidic to the same organism. Levels lower than 12 
JAg hydrogen peroxide/ ml were bacteriocidic to Pseudo
monas organisms (4). The Jack of excessive hydrogen 
peroxide formation is an advantage (prevention of 
discoloration) especially when the meat starter cultures 
are used for fermentation of meat products. Raccach (5) 
did not observe any discoloration of fresh mechanically 
deboned poultry meat inoculated with a mixture of P. 
cerevisiae and L. plantarum (2 x 109 cells / g) and stored 
under refrigeration for 7 days. 

This work showed that hydrogen peroxide was not the 
cause of the inhibition of Salmonella, Pseudomonas, and 
Staphylococcus organisms in fresh and cooked mechani
cally deboned poultry meat or in a culture medium , and 
of Salmonella and Pseudomonas organisms in pasteur
ized liquid whole egg (5, 6). 
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ABSTRACT 

Alkaline-earth type films , produced by detergent-water interactions, 

are frequently deposited on eating utensils during mechanical 

dishwashing. These films are aesthetically unacceptable but their 

public health significance and food spoilage potential have not been 

established. Sterile glass petri dishes were washed in an institutional

type dishmachine containing Bacillus subtilis spores in the washwater. 

A film-producing model system was developed to examine film 

formation in conjunction with spore deposition . The influence of three 

distinct detergent formulations on this association was also determined . 

Detergent formulations contained 6.7So/o phosphorus (P) , as sodium 

tripolyphosphate (STP), 3.0% P as STP, a proprietary phosphate 

substitute, and the film -producing model formulation devoid of both 

STP and substitute water conditioning agents . Film deposition was 

quantified as 1-'g Ca ++ per cm2 by an acid rinse-atomic absorption 

spectrophotometric method. The quantity of B. subtilis spores 

recovered from washed petri dishes in the model system was related to 

film deposition . The relationship was dependent on the number of 

consecutive dish machine cycles and the hardness of the water supply. 

Above a threshold value of 3 1-'g Ca ++ per cm2 , Ca ++ deposition and B. 

subtilis spore harborage were directly correlated . Both of these 

conditions were inhibited to varying degrees by the three detergent 

formulations . These data suggest that dishware filming may be cause 

for public health and food spoilage concerns. 

Contaminated eating utensils have long been recog

nized as potential vectors in transmittance of disease

causing microorganisms (4, 10, 11, 14, 16, 20). This fact 

demonstrates the need for proper cleaning and sanitizing 

of foodservice utensils and indicates that dishwashing, 

either by machine or hand , is definitely a public health 

concern (1 6) . During the past 30 years , automatic 

dishwashing machines, detergents, and cleaning pro

cedures have been developed to produce maximum 

cleaning efficiency and consequently to provide sanitary 

eating utensils . However , the vast differences in water 

conditions, soil types, detergent formulations, etc. have 

contributed to conditions where cleaning efficiency and 

sanitization are reduced. The most apparent mani-

'Present address: 3M Co .. M edical Products Division, Brookings, S. D. 

57006. 
1 University of Minn esota. 
3Economics La bora w ry. Inc. 

festation of these conditions is dishware filming . 
Although several types of mechanical dishmachine 

filming have been defined , the most common ar 

alkaline-earth type films produced by detergent-water 

interactions (12, 15, 21, 22) . Previous authors have 

referred to microbial harboring and protection charac

teristics of these films in relation to food contact surfaces 

(4, 6, 17, 18, 19), but few quantitative data are available 

which clearly demonstrate this hygienic concern . There is 

adequate documentation, however , that the use of 

phosphates, in particular sodium tripolyphosphate (STP) 

and trisodium phosphate (TSP), in the dishwashing 

formulation, will minimize this filming tendency (5, 7, 

12, 13, 15, 21) . 
A model system was used in this study to investigate 

this potential public health concern by examining film 

formation in the presence of bacterial spores. The 

objectives were two-fold: (a) to evaluate the microbial 

harboring characteristics of glassware filming , and (b) to 

determine the influence of film-inhibiting detergent 

formulations on this condition . 

MATERIALS AND METHODS 

Detergent formulations 
Three dishmachine detergent formulations and a film-producing 

formulation were evaluated . Formula A was an in-line product, 

SCORE ®, Economics Laboratory, Inc., containing 27% STP (yielding 

ca. 6.75%total P). Formula B was a reduced phosphate modification of 

formula A. It contained 12% STP (ca. 3.0% total P) . Formula C was a 

proprietary phosphate-substitute product containing 25% water 

conditioning agents and no phosphates . Formula D was a 

non-phosphate , non-substituted modification of formula A. lt was used 

as a fil m producing model and containing no water conditioning 

agents . The use concentration of formulas A, B, and C was 0.20% (w/ v). 

The use of concentration of formula D was 0.146% (w/v) . 

Use concentrations of all four formulations were tested for inherent 

inhibitive effects on Bacillus subtilis spore germination and outgrowth . 

No inhibition was demonstrated by any ofthe formulas when respective 

detergent-spore suspensions were heated at 70 C for 1 h. 

Dishwashing machine specifications 

Tests were conducted in a Hobart Model UM-4D automatic 

dishmachine with manual override controls, a special Luer-Lok syringe 

port for spore injection, and a mercury-actuated , dial-type ther

mometer. This type of dishmachine is classified as a single tank, 
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stationary rack, single temperature, door-type machine. The automatic cycle consisted of a tO-liter fill, 120-sec. wash, complete drain , 10-liter fi ll , 30-sec rinse, and complete drain. This sequence is defined as one automatic cycle for future reference. 
Water conditiom 

The wash and rinse waters were either St. Paul, MN ., city water (86 ppm hardness as CaC03) or well water (190-230 ppm natural hardness as CaC03). The temperature range of both water supplies during use was 77-80 C. 
Test organism and inoculum 

The test organism was B. subtilis ATCC #6633. Cultures were sporulated on A. K. Agar #2 (BBL) and harvested in 0.85% NaCI according to the method of Arret and Kirshbaum {1). Colony forming units (CFU) per ml of inoculum were determined before each usage by heat shocking a 10-ml portion of the inoculum at 70 C for 30 min and plating with Antibiotic Medium #1 (Difco). 
Petri dish washing and inoculation 

Acid-cleaned and steam-sterilized , 90 x 150-mm glass petri dish bottoms (Pyrex) were evenly distributed at predetermined locations in a stainless steel wash rack. The rack was placed in the dish machine and a pre-measured quantity of the respective test detergent was added to the machine basin. Ten petri dish bottoms were used for each trial in Procedure 1 while 15 dish bottoms were used for each trial in Procedure 2. 
Procedure I. Ten ml of a spore suspension containing 7.6 x 1()8 to 1.1 x 109 CFU per ml were injected into the dish machine with the Luer Lok syringe as the washwater was being added. The resulting spore concentration was 7.6 x 10s to 1.1 x 106 CFU per ml of the wash water as determined by samplings at various times during the wash cycle. The petri dishes were washed and rinsed for one complete automatic cycle. Another identical detergent charge was added (no re-inoculation of spores) and the dishes were washed for an additional automatic cycle. The rack was removed from the dishmachine and dishes were dried in an inverted position at ambient temperature (22-25 C) for 1 h. This process was repeated three times for each detergent formulation in each water hardness . 
rocedure 2. Ten ml of a spore suspension containing 6.8 x 10s to 1.1 x 106 CFU per ml were injected into the dishmachine as in Procedure 1. The resultant spore concentration was 6.8 x 1()2 to 1.1 x 103 per ml of washwater . The dishes were washed and rinsed for 1 to 15 cumulative automatic cycles as required. When only one cycle per set of dishes was required, the rack was removed from the dishmachine and dishes were dried at ambient temperature for 1 h . When two or more washings were required, an additional detergent charge and spore inoculum were added to the dishmachine at the beginning at each successive cycle. Upon completion of 2, 3, 4, 5, 6, 8, 10, and 15 cumulative cycles respectively, the dishes were dried in the described manner. This process was repeated in duplicate for each detergent formulation. Sets of 10 dishes each were used to determine CFU per petri dish while sets of five dishes each were used to measure Ca ++ deposition per petri dish . 

Spore recovery 
A 5-ml portion of sterile, 5% sodium hexametaphosphate solution was aseptically added to the interior of each of 10 washed and dried petri dish bottoms per set. The dish bottoms were covered and left undisturbed at ambient temperature for 1 h. Upon completion of this soaking period the dishes were gently agitated and poured with ca. 20 ml of Antibiotic Medium #1. Solidified agar dishes were inverted and incubated at 37 C for 18-24 h . Where initial counts exceeded 500 CFU per petri dish, repeat trials were made and 1-ml portions of the sodium hexametaphosphate solution were removed from each dish and plated separately. Colonies were counted on a New Brunswick Model C-110 Colony Counter and multiplied by the appropriate dilution factor if applicable. Gram stains were made of any colonies not exhibiting normal B. subtilis morphology. Any colonies not presumptively identified as B. subtilis were excluded from the total count. Counts were recorded as CFU per petri dish (63 cm2). 

Film recovery apparatus 
The aspirator probe consisted of a disposable 10-ml pipet (Falcon 7751) with the cotton plug removed and a 2-cm section of rubber tubing 

(Fischer 14-175C) fitted over the drawing end of the pipet (Fig. 1). The delivery tip was severed at the joint and attached to the collection flask hose. A new aspirator probe was used for each set of 5 plates . The collection flask and hose assembly were used repeatedly but thoroug~ly cleaned between individual determinations . Negative control sampling was done throughout the study to detect possible extraction apparatus contamination . 

Rubber tubing 

Plasti c 10 ml pipet 

I 
e=:'l-......___ Rubber tip 

E:3 

Collection Vacuum trap 
fl ask (250m!) 

Figure 1. Film recovery apparatus. 
Film removal and quantitation 

A 5-ml portion of an aqueous 5o/o HCI and 1 % lanthanum solution (2 , 8) was carefully added to the interior of each of five washed and dried petri dish bottoms per set in Procedure 2. After a 5-min soak time the entire 5-ml volume was recovered from each plate by aspiration (Fig. 1) and combined in a common reservoir for each set (25-ml total per set). Maximum mineral removal during aspiration was aided by gentle scraping of the test area surfaces with the rubber tip of the aspirator probe. 
The 25-ml composite from each separate set was diluted if necessary and then assayed for calcium and magnesium, respectively, using a Perkin Elmer 403, double beam atomic absorption spectrometer. The fuel gas was acetylene and the supporting gas was filtered compressed air. Atomic absorption readouts in ~m (times dilution factor if applicable) were converted to mg of Ca or Mg ++per petri dish unit area by the following calculation: 

mg Ca-t+ (or Mg *> per 63 cm2 = 
ppm Ca-t+ (or Mg *> x 0.025 

5 
Background levels of Ca-t+ and Mg-t+ per unit area of petri dishes before washing were found to be insignificant in comparison to experimental values. 

RESULTS 
Use of a detergent formulation containing no water 

conditioning agents (formula D) provided an ideal model for examination of glassware filming and spore deposition. Initial experimentation (Table 1) using formula D consisted of a single spore inoculum producing an average of 9.3 x 105 CFU per ml of washwater and two successive wash rinse cycles. Petri dishes washed under these conditions exhibited visibly filmed surfaces from which spores were readily 
recovered. Both the filming density (visual) and the quantity of spores recovered increased as the hardness of the dishmachine water supply was increased from 85 to 230 ppm. Use of the phosphated and P-substituted detergents (formulas A and C) in this system resulted in petri dish surfaces with no visible filming and significantly reduced spore recovery. Also, in contrast to 

the model formulation, petri dishes washed in formulas A and C did not demonstrate an increase in either of these conditions as the hardness of the water supply was increased. 

.. 
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TABLE 1. Colony forming unit (CFU) recovery after one inoculation 
and two washings with 85 and 230 ppm Izard water, respective~)'. 

Formula 

A 
A 
c 
c 
D 
D 

Water 
hardness (ppm) 

85 
230 
85 

230 
85 

230 

Visible 
!ilming 

+ 
+ 

Mean 
CFU/ 63 cm2 

16.1 
15.9 
13.4 
10.1 

370 
1,300 

The above data using Procedure 1 indicated that 
spore-harboring films could be developed within the 
dishmachine, and that these films were accelerated by an 
increase in water hardness and inhibited by use of 
well-formulated detergents . Procedure 2 was designed to 
determine: (a) if the filming-spore harboring relationship 
could be quantified, (b) if this relationship could be 
identified in a cumulative process, and (c) if this 
.phenomenon could be prevented by use of a marginally 
for'mulated detergent. Subsequently a method was 
developed to quantitate film density and the spore 
inoculum was reduced to an average of8.9 x 102 CFU per 
ml of washwater but added to each successive cycle in 
cumulative series . An additional formulation containing 
only 3o/o P was also evaluated . The 230 ppm hard water 
was used throughout except for the test series in 
Table 3. 

The results using Procedure 2 are listed in Tables 2 
and 3. The quantity of CFU recovered per unit petri dish 
area in the filming model (formula D) increased as the 
degree of filming (expressed as mg Ca ++ per unit area) 

• increased upon successive inoculations and washings. 
This relationship can be expressed by regression analysis 
as: 

log10 (CFU/63 cm 2) = 1.49 +0.7 (mg ca++/ 63 cm2) 

This equation was used to predict the level of spore 
recovery based on ca++ deposition values obtained in an 
independent experimental series . The hardness of the 
water supply was decreased to 190 ppm in this 
experiment but all other variables remained constant. As 
expected, both filming and spore recovery were 
reduced as the water hardness was decreased (fable 3). 
The actual numbers of recovered spores were in most 
instances greater than the predicted values, but a direct 
relationship between ca++ deposition and spore 
harborage was again demonstrated. The differences 
between the predicted and actual values may reflect the 
water hardness modification or the inherent variability 
within the test system. A plot of these values in relation to 
the regression equation is presented in Fig. 2. 

The data using Procedure 2 involving formulas A, B, 
and C were of relatively low magnitude and consequently 
did not readily fit the equation (Fig. 2 data below ca++ 
threshold). These data , however , are not inconsistent 
with the equation. Despite the fact that filming and spore 
harboring did not increase significantly upon successive 
inoculations and washings using these three formulations 
several performance differences were observed. The 
mean CFU per petri dish recovered from each 
cumulative cycle set using the P-substitute formulation 
(formula C), was greater than the corresponding CFU 
recovery in either of the phosphated detergent washed 
sets. This difference was small but consistent. Based on 
CFU recovery data using Procedure 1, differences in 
spore recovery with the three detergent formulations 
would have been greater had the inoculum size been 
increased. 

Variations in the amount of Ca ++ deposition per 
cumulative petri dish set were also noted, particularly 

TABLE 2. Amount of calcium [mg Ca++) and colony forming units (CFU) recovery after multiple inow/ations and washings with 230 ppm hard 

water. 

MeanCFU Cumulative dish machine cycles 

Detergent and mg Ca + J63 cm2 2 3 5 6 8 10 15 

Formula A mgca++ 0.017 0.023 0.04 0.038 0.032 0 .028 O.QJ7 0.052 0.047 
CFU 0.9 0.5 0.7 0.9 0.2 0.1 1.3 0.3 1.0 

Formula B mgca++ 0.045 0.042 0.058 0 .04 0.084 0.053 0.06 0. 139 0.186 
CFU 1.0 0.9 0 0.7 0 .2 0.1 0.1 0.2 0.8 

Formula C mgca++ 0.012 O.QJ5 0.024 0.032 0.044 0.044 0.044 0.096 0.120 
CFU 2.3 3.7 3.S 3.7 4.0 4.7 2.9 2.7 6.3 

Formula D mgca++ 0.04 0.295 0.635 1.05 1.225 1.63 2.1 2.27 3.05 
CFU 2.1 44 96 170 280 500 710 1.400 4,000 

TABLE 3. Amount of calcium (mg Ca++) predicted and actual colony .forming unit (CFU) recovery after mulTiple inoculations and washings ll'ith 

/90 ppm hard water. 

Mean CFU Cumulative dish machine cycles 

Detergent and mg Ca / 63 cm2 2 3 61 8 10 15 

Formula D mgca++ 0.045 0.38 0.535 0.69 0.975 1.42 1.56 2. 155 2.66 
Predicted CFU 57 73 94 150 310 380 1.000 2.500 
Actual CFU 2.5 55 120 180 210 410 560 690 2,100 

'Petri dishes from this set were used for scanning electron micrographs. 

' 
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Figure 2. Relationship of milligrams of Ca"""" and colony forming 
units [CFU) per petri dish. Line indicates plot ot;egression analysis 
equation: log10(CFU/ 63 cm2) = 1.49 + 0. 7 (mg Ca / 63 cm2). 

after the fourth successive wash cycle. The least amount 
of Ca ++ was recovered from dishes washed with the 
6.75o/o P formulation (formula A) while dishes washed 
with the 3.0o/o P formulation (formula B) accumulated 
t):le greatest quantities of Ca -t-t-. Similar analyses made 
on milk processing equipment surfaces after cleaning 
s'llggested that ca++ residuals in excess of 0.08 mg per 
100 cm2 were indicative of insufficient cleaning (8) . The 
data with Procedure 2 correlate well with this referenced 
value. After 15 consecutive dishmachine cycles, the 
Ca ++deposition per petri dish surface area (calculated to 
100 cm 2) was 0.075 mg, 0.295 mg, and 0.190 mg for 
formulas A, B, and C, respectively. 

In addition to ca++, Mg++ deposition was also 
measured throughout Procedure 2, though individual 
values are not listed. Milligrams of Mg++ per petri dish 
were not proportional to the corr~onding quantity of 
recovered spores . In general , Ca was preferentially 
deposited in respect to Mg++ and subsequently the 
ca++: Mg++ ratio increased as the degree of filming 
increased . This preferential deposition was most likely 
due to the greater water solubility of Mg++ in relation to 
ca++(22). 

Further analysis of selected film samples (Procedure 
2) indicated that the calcium and magnesium components 
were present as carbonates. These two components 
accounted for about 85o/o of the total film composition. 
Sodium carbonate was present in quantitative amounts 
while copper, iron , potassium, manganese and zinc were 
present in trace amounts. Calcium and magnesium 
phosphates were not detected. The film composition and 
component ratio remained constant on all plates 
examined from sets using formulas A, B, and C, 

but individual quantities varied. Films formed in the 
model system were consistent with these analyses, but the 
calcium and magnesium carbonates accounted for about 
98o/oofthe total film composition. 

DISCUSSION 

The type of filming described in the preceding 
experiment appears to be of the water mineral type as 
proposed by Madden (12) and others. This type of film 
consists primarily of calcium carbonate and is 
prevented by adequate amounts of water conditioning 
agents, such as STP, in the wash-water . The mechanism 
of film formation in the model system was probably 
related to precipitation of calcium and magnesium ions 
by the sodium carbonate component of formula D, 
rather than sequestration of these ions as in the other 
three formulations. It also seems reasonable that the 
degree of sequestration by the respective water 
conditioning systems in formulas A, B, and C was related 
to the observed differences inca++ deposition. 

A second, and more common type of glassware filming 
was predicted with the use of reduced phosphate formula 
B, but was not observed . This detergent hard-water 
precipitate type consists primarily of calcium phosphate 
and is caused by insufficient use of phosphated 
detergents necessary to condition hard water (12, 22). It 
was anticipated that the marginal amount of STP in 
formula B would produce conditions where the degree 
of filming and spore harboring would be midway 
between the values obtained with formulas A and D. 
Apparently the 12 o/o STP in formula B was sufficient to 
condition the 230 ppm hard wash water without an added 
challenge such as food soils. 

The rate at which the B. subtilis spores become 
integrally associated with the hard water films was 
directly proportional to Ca ++deposition, but only after a 
threshold level of about 3 JAg of Ca ++per cm2 (0.2 mg per 
63 cm2) was achieved. Based on the regression analysis 
equation described previously, the corresponding CFU 
threshold would be about 43 CFU per petri dish. The 
implications of this threshold concept become evident 
upon examination of the data derived with formulas A, 
B, and C. The failure to . demonstrate a film-spore 
harboring relationship with these formulations resulted 
because the Ca ++ deposition threshold was never 
reached. However, this threshold value was being 
approached after 15 consecutive cycles on dishes 
washed with both the reduced phosphate and P
substitute formulations. In contrast, dishes washed with 
the 6.75o/o P formulation did not show a similar increase 
inca++ deposition. 

The threshold concept also accounts for the accelerated 
filming-spore harboring observed with an increase in 
water hardness. The greater availability of calcium and 
magnesium ions in the harder waters resulted in an 
increased rate of precipitation and a decrease in the time 
required to teach theca++ deposition threshold. 

.. 
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The nature of the film-spore association is only 
speculative. The actual harboring was probably a 
physical entrapment on or within film-crystal matrices, 
since it is unlikely that any charge-associated attractions 
predominated. Electron micrographs (Fig. 3 and 4) 
indicate that spore attachment did occur on the crystal 
surfaces, but as stated by Hess et a!. (9) in a similar 
spore-crystal analysis , " It is not unreasonable to assume 
that spores are also completely occluded within some 
crystals." Irrespective of the actual mode of harboring, 
this association confirms the earlier statements of Cox 
(4), Martin et a!. (17), and Hall and Schwartz (6) that 
glassware films produced during mechanical dishwashing 
may harbor viable microorganisms. This work , however, 
does not substantiate their claims that these films also 
provide an ideal environment for microbial growth. 

Figure 3. Scanning electron micrograph of filmed petri dish surface x 
2000. Note spore in center of field. 

The significance of viable microorganisms present on 
washed eating utensils has previously been stated. It is 
entirely possible that organisms associated with a filmed 
utensil could contaminate a foodstuff during preparation 
or consumption. Should food become so inoculated and 
then mishandled , the potential for microbial growth 
would be present. Ingestion of the contaminated food 
would then complete the cycle for a food-associated 
illness. 

The Center for Disease Control listed 438 outbreaks of 
foodborne disease in 1976 involving 12,463 individual 
cases (3). These figures, however , represent only a small 
fraction of the actual illnesses related to ingestion of 
contaminated foods because the public seldom make 
official complaints or reports. Clostridium perfringens , a 
spore forming microorganism , was implicated in 509 
cases of confirmed etiology. Bacillus cereus, another 
spore former, was also involved in reported outbreaks. 

Figure 4. Scanning electron micrograph of filmed petri dish surface 
showing spore - crystal association x 20,000. 

While most other foodborne pathogens and spoilage 
organisms are vegetative forms that are inactivated at the 
high temperatures of automatic dishwashing, the 
potential for spore survival and integral association with 
utensil films is a realistic concern. 

Additional studies must be made to further define the 
sanitation role of phosphates in cleaning products . The 
work presented in this report, although brief, constitutes 
evidence for a recommendation that this public health 
aspect be thoroughly studied before le~islation indis
criminately banning the use of phosphates is considered . 
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ABSTRACT 

The effects of carton materials on flavor of ultra-high-temperature 
sterilized milks stored 100 days at 22 ± 2 C was investigated . Flavor 
scores of stored milk decreased concurrent with an increase in stale 
flavor. At the same time propanal, pentanal, hexanal , and an 
unidentified compound increased; cooked flavor along with methyl 
sulfide and another unidentified compound decreased. Differences in 
browning were observed between ultra-high-temperature sterilized and 
reference (freshly pasteurized) milks and between 2- and 12-day-old 
ultra-high-temperature sterilized milks . Thiobarbituric acid values did 
not increase (indicating no lipid oxidation) until after the milk had 
been stored 22 days; however , those values were below that which would 
be detected organoleptically. Abnormally high acetaldehyde concen
trations were related to the ethylene oxide sterilizing pretreatment of 
the carton board. Reference milk was superior in flavor to milk from all 
other treatments. Aluminum foil-lined cartons were less permeable to 
gases than were polyethylene-Hned cartons. Milk in aluminum 
foil-lined cartons retained desirable flavor characteristics longer than 
did that stored in polyethylene-lined cartons . Wrapping cartons with 
Saran and aluminum foil was detrimental to flavor in all instances. 
Analysis of variance of microbiological data established that there were 
no differences in numbers of microorganisms in the different types of 
cartons during 42 days. 

Milk sterilization has been practiced and studied for 
more than a century. Widespread acceptance of sterile 
milk in the United States, however, is limited because 
during storage it develops a stale flavor as cooked flavor 
disappears. Oxygen (7, II) and light (7), thought to 
contribute to staling, and many other aspects of 
ultra-high-temperature sterilized (UHT) milk have been 
reviewed (5). 

We stored aseptically packaged UHT milks and 
determined how well different carton materials preserved 
the milk flavor. Also, by using gas chromatography (GC), 
we attempted to relate changes in neutral volatile 
components to off-flavors produced by microbiological 
and chemical activity. 

'Contribution No. 78-267-j, Department of Animal Sciences and 
Industry. Kansas Agricultural Experiment Station, Manhattan, KS 
66506. 

TM Registered trademark of the Dow Chemical Company, Midland, Mi 
48640. 

MATERIALS AND METHODS 

Part I . Milk stored 42 days 
Processing and storage Between October 1975 and February 1976, 1 

nine batches of raw milk were sterilized at a commercial milk plant in 
Connecticut at 140 C for 3.5 sec by use of a De Laval Auto-Aseptic 
Processing System that included two-stage homogenization at 52 C. 
The milk was packaged aseptically with a Pure-Pak NLL machine in 
either aluminum foil (AL)-lined or plain polyethylene (PE)-lined pint 
cartons. The AL foil-lined carton board was laminated (from inside 
out): PE, AL, PE, paperboard , and PE. The PE carton board was 
laminated PE, paperboard, and PE. Within 2 days the filled cartons 
were shipped by air to Manhattan , Kansas. On arrival, half of each type 
(PE and AL foil-lined) cartons was wrapped in Saran TM, AL and 
Saran TM to provide additional barriers to gases and light; cartons were 
stored at 22 ± 2 C exposed to 2150 lx (200 ft candles) of cool-white 
fluorescent light. Each of these three layers overlapped to provide as 
tight a seal as possible. They were examined at 10-day intervals for 42 
days. The code letters used to identify these samples were: WAC = 
wrapped AL foil-lined cartons , NAC = AL foil-lined cartons, WPC = 
wrapped plain polyethylene-lined cartons, NPC = plain polyethylene
lined cartons and R =reference milk. 

Test procedures. All UHT milks were evaluated by three 
microbiological tests: (a) The Standard Plate Count procedure 
recommended by the American Public Health Association (1) was 
modified so that 10 ml of milk was distributed among five petri-dishes. 
After Standard Methods Agar had been poured into the dishes with the 
milk, the milk-agar mixture was incubated at 32 C for 7 days; colonies 
then were counted. (b) Aerobic and anaerobic tests (I) for sterile 
products were modified in that 10 ml of milk was incubated at 32 C for 
7 days; 0.8 ml of this milk, distributed equally among four plates , was 
mixed with Standard Methods Agar. Two of the plates were incubated 
aerobically and two anaerobically for 48 h at 32 C; colonies then were 
counted. (c) The litmus test (6) was modified in that 10 ml of the milk 
sample was added to 1 ml of 1 o/o (w/ w) sterile aqueous litmus solution. 
The tubes were incubated at 32 C for 7 days. If the litmus turned pink 
or white , the test was positive and indicated microbial growth . 

Browning was measured by the hydroxymethylfurfural test (8) and 
lipid oxidation by the thiobarbituric acid test (9) . Neutral volatile 
compounds were quantified by using the gas chromatographic 
procedure of Bassette and Ward (4). 

The milk was judged organoleptically according to the procedure 
used in the National Collegiate Student Contest. The recommended 
flavor-score ranges for the presence of slight, definite, and pronounced 
for the three predominant criticisms were 36, 34, and 31 for oxidized; 
37, 34, and 31 for stale; and 39, 37, and 35 for cooked. As a modification 
of the contest procedures , we asked panelists also to assign an intensity 
score (on a scale of 0 = none to 9 = very pronounced) to the specific 
off-flavors observed. 

' ' 
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Protein (by Kjeldahl), fat (Babcock procedure), and total solids were 
determined as described in AOAC (2). 

Statistical analysis. The experimental design for the analysis of 
va~~ance (ANOVA) was a randomized complete block design -with a 
2-factor cross-classified treatment structure; there were five levels for 
each of the two factors, days, and treatments (types of cartons). This 
model was used: 

ybdt =I'+ ffb + Yt + (J3y)dt + Ebdt 
Ybdt = response (e .g., stale-flavor intensity, concentration of 
hexanal). 

I' =mean 
%=block effects (Qlocks 1-9) 

ffd =day effects (2 , 12, 22, 32, and 42 days) 
Yt =treatments effects 0N AC = Wrapped AL; NAC = non wrapped 

AL; W.PC = wrapped PE; NPC = nonwrapped PE; and R = 
reference milk , freshly pasteurized at 72 C for 15 sec) 

(J3y)dt =interaction between days and treatments 
.t:.bdt =random experimental error, as a deviation from the mean for 
the dtth treatment combination of the bth block. E 'V N (0, a') where 

a' is estimated by error mean square. 
From the 225 samples analyzed, 15 to 17 observations for most 

variables were lost because the cartons were not sterile; all results from 
non-sterile cartons of milk were discarded. 

The model was used as presented when we analyzed data for all 
effects except the day effects (J3d); to analyze for ffd effects, we removed 
data for the R milks, which were freshly pasteurized and had not been 
stored 42 days. 

After the data had been tested for homogeneity, we obtained 
regression equation relating the flavor criticisms (scores) to the 
components observed chromatographically. A program for multiple 
deletion regression (with a 0.10 alpha level) was used to select the most 
prominent associated factors. 
Part II. Milks stored !00 days 

Of the nine batches (blocks) used in Part I, the milks of the last six 
were evaluated again at 100 days . Microbiological, chemical, 
organoleptic and gas chromatographic analyses were conducted as 
described previously on milks, except that WPC samples were not 
included. 

The experimental design for the ANOV A of the extended 100-day 
study was the same as for the 42-day study except for the following 
changes: 

ab =block effects (blocks 4-9) 
ffd =day effects (2 , 12, 22, 32, 42, and 100 days) 
Yt = treatment effects (when analyzing data at 100 days , we did not 
include WPC cartons because there were insufficient samples). 

RESULTS 

Part I. Milk stored 42 days 
ANOV A of the microbiological data (Table 1) 

established that there were no differences in the number 
of microorganisms among the various treatments (four 
types of cartons) and among the days of storage (2-42). 
Results from litmus test of milk, not presented here, also 
agreed with results from other microbiological tests. The 
similarities were expected because obviously spoiled 
samples had been discarded and were not included in the 
statistical analysis. Even though statistically there was no 
difference among the selected cartons, the wrapped 
cartons ryv AC and WPC) had higher average mean 
bacteria counts than did the nonwrapped. 

Flavors (Table 2) deteriorated with time. Reference (R) 
milk flavor was best, followed by milk in AL and PE 
cartons . Milk in nonwrapped cartons had higher flavor 
scores than did that in the wrapped counterpart cartons. 
Flavor-score trends were similar to those for stale
intensity scores (Table 2), indicating that "stale" was the 

TABLE 1. Probabilities and means for the microbiological analyses 
o.fUHT milk stored 42 days at room temperature. 

Standard 
Item plate Aerobic Anaerobic 

count count count 

Probabilities 
Days .2365 .7964 .3409 
Treatments .1566 .2182 .73 19 

Days Means1'2 

2 -{).055 1.271 0.111 
12 -{).061 0.928 0.481 
22 0.238 1.315 0.584 
32 -{).020 1.225 0.524 
42 0.121 0.886 0.579 

Treatments' Means1 •4 

WAC 0.296 1.208 0.692 
NAC -{).007 0.718 0.485 
WPC 0.359 1.540 0.831 
NPC 0.199 1.033 0.615 

1 Logarithmic values (base 10) of microbiological counts (colonies / ml) 
are used. 
2Each mean represents the average of the four UHT milks over 9 
replication. 
3W AC =wrapped AL foil-lined cartons, NAC = AL foil-lined cartons, 
WPC = wrapped plain polyethylene-lined cartons , and NPC = plain 
polyethylene-lined cartons. 
'Each mean represent the average of the milk over 9 replications during 
the 42-day trail period . 

principal flavor criticism of the panel. Generally, as the 
stale flavor increased, the cooked flavor decreased (Table 
2 and Fig. 3) for the UHT milks. We might have 
observed, however, a masking effect of the cooked flavor 
on the stale flavor and vice versa. 

Statistical differences in the oxidized flavor intensities 
probably were artifacts because the mean intensities were 
less than 1 on a 0-to-9 scale. TBA values for UHT milk 
increased slightly when the milk was stored; however 
there was no significant difference between TBA values 
ofUHT milks and reference milk. 

Browning of milk increased slightly but significantly 
when stored between 2 and 12 days (Free HMF, Table 2) 
but none beyond 12 days. That, compared with low HMF 
levels in the R milk, indicated that some heat damage 
had occurred in the UHT milks . Total HMF, which 
measures potential as well as actual browning (8), did not 
change significantly during the 42-day period. Though 
HMF values of milk stored in AL foil and PE cartons 
differed , differences were not great enough to be 
significant. The R milks had significantly lower 
concentrations of these compounds than did the UHT 
milks. 

Table 3 presents components isolated from steam 
distillates by use of GC. When concentrations or peak 
heights were compared with intensity scores of specific 
criticisms , certain relationships were observed . These are 
shown in the last column. Peaks designated with "x" 
were unrelated to either chemical or organoleptic tests 
studied. Statistical analyses of peaks found to be related 
to other factors are presented in Table 4. 

The abnormally high initial concentrations of acetal
dehyde were associated with an ethylene oxide-sterilizing 
treatment of empty milk cartons. That was confirmed by 
comparing acetaldehyde levels in milk from aseptically 
filled cartons that had been treated with ethylene oxide 

' 
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TABLE 2. Probabilities and separation of means for the chemical tests and organoleptic analyses of UHTmilk stored 42 days at room temperature. 

Item 
Flavor 
score 

Organoleptic analyses 1 

Stale Cooked 
flavor flavor 

Oxidized 
flavor FreeHMF 

Chemical tests 

Total HMF TBA 

Probabilities 
Days 

Treatments 

Days 
2 

12 
22 
32 
42 

T rea tm ents' 
WAC 
NAC 
WPC 
NPC 

R 

.0000 

.0000 

35.62 
35.00 
34 .15 a 
33.92 ab 
33.49 b 

34 .90 a 
35.14 a 
33.23 
34 .50 
38 .04 

.0000 

.0000 

1.26 
2.69 
3.68 
4.66 a 
4.77 a 

2.97 a 
2.57 a 
4.71 
3.47 
0.03 

.0000 

.0520 

4.73 
3.49 a 
3.17 ab 
3.12 ab 
2.72 b 

3.93 b 
3.94 b 
2.64 a 
3.28 
2.37 a 

'Intensity scores 0-9; 0 =none to 9 =very pronounced. 

.0000 .0000 .0730 .0021 

.0000 .0000 .ooou .7192 
M eansl•3 

(Micromoles (Absorbance 
HMF/ Iiter) 443 m ) 

0.58 a 0.60 4.31 a .014 ab 
0.37 ab 0.88 a 4.46 a .016 abc 
0.14 b 1.00 a 4.75 a .013 ab 
0.17 b 0 .97 a 4.73 a .023 c 
0.17 b 0.99 a 4.09 a .021 be 

M eans2• 5 

0.30 b 0.86 a 4.26 a .016 a 
0 .25 ab 0.82 a 4.30 a .016 a 
0.32 b 0.95 a 4.70 a .018 a 
0.27 ab 0.92 a 4.62 a .019 a 
0.11 a 0.57 2.09 .016 a 

2Means not significantly different at 1 o/o level are joined with a common letter of the alphabet. 
3Each mean represents the average of the four UHT milks over 9 replications. 
'WAC = wrapped AL foil-lined cartons , NAC = AL foil-lined cartons, WPC = wrapped plain polyethylene-lined cartons , NPC plairl 
polyethylene-lined cartons , and R =reference milk. 
5Each mean represent the average ofthe milk over 9 replications during the 42-day trial period. 

TABLE 3. Components isolated by steam distillation of UHT milk 
and analyzed by gas liquid chromatography. 

Retention1 

time Name of compound Associated with 

(min) 
X 1.7 not identified 

2.4 acetaldehyde ethylene oxide 
3.1 methyl sulfide cooked 
3.6 propanal stale 

X 4.0 acetone 
X 4.8 acrolein 
X 5.4 not identified 

9.5 pentanal stale 
X 11.0 not identified 

13.8 not identified stale 
16.6 hexanal stale 

X 25.0 not identified 
28.0 not identified stale 

1An "X" by the peak retention time indicates that after statistical 
analysis peak could not be related to chemical or organoleptic changes. 

either 24 h or one week before filling. For milk in cartons 
treated 24 h before filling, the acetaldehyde peak was 
extremely high; for that in one treated week before, the 
acetaldehyde peak was insignificant. Milk used to fill 
both types of cartons was from the same source. Methyl 
sulfide has been associated with cooked flavor (10) and so 
we observed. Since it decreased as the stale flavor 
increased, methyl sulfide could be a precursor of some 
other component that causes staling. Conceivably, 
however, methyl sulfide has a masking effect. Concen
trations of propanal, pentanal, and hexanal increased 
with time and paralleled increased in intensities of stale 
flavors; the compounds also have been associated with 
light-induced and oxidized flavor (3) . Because the 
13.8-min GC peak decreased as the flavor intensity 
increased, this compound could be a precursor of staling. 
The compound responsible for the 28-min peak, like 

2The total solids means encompass values for only blocks 1-6. 

pentanal and hexanal, also might be associated with 
staling. 

The mean protein, fat, and total solids contents of the 
milks in this study were 3.47, 3.50, and 11.80,2 

respectively , and their respective standard deviation were 
.13, .06, and .12.2 These values show that the 
composition in the different blocks varied considerably, 
however, those differences should not have affected our 
results . 
Part II. Milk stored I 00 days 

Trends we obseved for milk stored 42 days continued 
for microbiological, organoleptic, chemical, and GC 
evaluations of milks stored 100 days. Thus details of the 
statistical analyses are not presented; however, we 
plotted organoleptic changes to illustrate these trends 
(Fig. 1-3). Differences in flavor and stale-flavor intensity 
scores observed among cartons through 42 days were 
clearer at 100 days; the flavor indices changed almost 
linearly with time (Fig. 1, 2). Cooked intensity scores 
leveled off in the UHT milk stored 100 days. 

DISCUSSION 

This research indicates that AL foil lining is slightly 
permeable to gases, probably at the seams but also 
probably through microscopic pores in the AL foil lining 
as evidenced by the fact that wrapping AL-lined cartons 
reduced flavor scores . 

However, plain PE-lined cartons were more permeable 
to gases than the aluminum foil -lined cartons. This is 
apparent from the more rapid loss of methyl sulfide, and 
cooked flavor as well as a greater increase in carbonyl 
compounds and stale flavor in the PE lined than foil 
lined cartons. These results concur with those of 
Flackiger (7) who compared changes in milk packaged in 
liter PE-lined cartons with and without foil lining. His 
aluminum foil-lined cartons did not lose weight during 6 

,• 
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TABLE 4. Probabilities and separation of means for the gas-liquid-chromatographic components of UHT milk associated with defects when the 
milk is stored 42 days at room temperature. 

Component and/ or retention time shown on the chromatogram 
2.4 min1 3.1min1 3.6 min1 9.5 min1 13.8 min2 16.6 min1 28 .0 rnin2 

Item acetal- methyl propanal pentanal hexanal 
dehyde sulfide 

Probabilities 
Days .0000 .0000 .0000 .0000 .1852 .0000 .0002 Treatments .0143 .0000 .0000 .0000 .0000 .0000 .0000 

Days Means3•4 

2 5237 36.1 I 14.2 a 212 a 160 a 68 .91 38 a 
12 2088 a 29.10 a 15.6 ab 326 ab 151 a 71.80 a 52 ab 
22 785 a 27.40 a 17.7 be 464 be 155 a 73.46 a 98 be 
32 914 a 27.30 a 19.6 c 427 be 105 a 73.95 a 96 be 
42 933 a 29.11 a 19.0 c 517 c 113 a 74.03 a 109 c 

Treatments5 Means3•6 

WAC 1384 ab 31.07 b 16.2 a 322 a 130 a 70.94 ab 92a 
NAC 1270 ab 31.30 b 15.2 a 328 a 104 a 69.99 a 77 ab 
WPC 2756 b 28.42 a 20.6 473 b 211 76.74 93 a 
NPC 2529 b 28 .53 a 16.7 a 439 ab 102 a 72 .06 b 53 b 

R 676 a 27.58 a 11.2 180 104 a 69.48 a 6 
1Concentrations in ppb calculated from the regression equation of the standard curve. 
2Peak heights relative to the peak height of I ppm acetone= 1000 units (%full-scale deflection peak height x attenuation). 
3Means not significantly different at 1% level are joined with a common letter of the alphabet. 
4 Each mean represents the average of the four UHT milks over 9 replications. 
5W AC = wrapped AL foil-lined cartons, NAC = AL foil-lined cartons , WPC = wrapped plain polyethylene-lined cartons, NFC 
polyethylene-lined cartons, and R =reference milk . 
6Each mean represent the average of the milk over 9 replication during the 42-day trial period . 
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Figure 1. Changes in flavor scores of UHT milks from cartons 
exposed to fluorescent light f or 100 days. WAC + wrapped AL 
foil-lin ed, NAG+ AL foil-lin ed, NPC = PE-lined, and R = reference 
milk. 

Figure 2. Changes in stale intensities of UHT milks from cartons 
exposed to fluorescent light for 100 days . WAC + wrapped AL 
foif.lined, NAG+ AI foil-lin ed, NPC + PE-lined, and R + reference 
milk . 
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Figure 3. Changes in cooked intensities of UHT milks from cartons 
exposed to fluorescent light for 100 days. WAC = wrapped AL 
foil-lined. NAC = AL foil-lin ed. NPC = PE-lined, and R = reference 
milk. 

weeks of storage; oxygen level in the milk remained 
constant at 1 ppm and milk was organoleptically 
acceptable for 2 months at room temperature. On the 
other hand, during the same period the plain PE cartons 
lost about 0.2 o/o of their original weight at 20 C and 1 o/o at 
38 C; the milk was saturated with oxygen (8-9 ppm) after 
a few days and the milk was organoleptically acceptable 
only up to 3 weeks at 15 C. F!Uckiger felt most oxidative 
changes in the plain PE cartons took place in the first 2-3 
days after processing and the reducing substances in the 
milk offered little protection in cartons without foil 
lining. The Saran-AL foil-Saran wrapping quite likely 
not only excluded outside air from the milk but also 
served to contain volatile compounds exuding from 
either growth of microorganisms on the surface of the 
cartons or from the wrapping material itself. Mean 
bacterial counts were higher in milk from wrapped 
cartons than from nonwrapped ones, even though they 
were not found to be statistically significant. One would 
suspect that the area under the wrapping could be loci 
for bacteria and perhaps odor. There was no evidence 
that light contributed to the changes that were observed. 

We propose that the UHT milks exhibited two types of 
off-flavors: (a) cooked from volatile sulfhydryl com
pounds induced by heat, such as methyl sulfide; and 

(b) stale caused by volatile carbonyl compounds produced 
from the milk, from one or more of the carton layers, 
from the outer surface of the carton by microorganisms, 
or from the wrapping materials themselves. Heat damage 
from the UHT treatment, chemical changes that eccur in 
the milk, and effect of the package all could account for 
changes in concentration of the off-flavors mentioned . 
Decreases in these components (as measured by GC) 
could be caused either by their escape to the atmosphere 
or by their interaction with other components. A 
decrease in the oxidation-reduction potential with heat 
treatment and in the liberation of sulfhydryls are known 
to produce stability against oxidative deterioration . 
Whether the mechanism for staling depends on the 
oxidation-reduction potential has not been established, 
though development of staling as cooked flavor 
disappears might suggest that it does. These assumptions, 
and the assumption that the AL foil carton is slightly 
permeable (although less so to exchange of gases than is 
the PE carton), account for our conclusion that AL foil 
lining helped the milk retain its desirable flav r 
characteristics. 

Wrapping the cartons 2 days after they had been filled 
with milk proved detrimental to milk flavor. We 
speculate that that might have been caused by an 
odor-laden environment at the surface of the carton, 
confined by the wrappings. Odor could have been 
emitted by growing microorganisms on the surface of the 
cartons, by the Saran wrap, or by the carton material 
itself. Wrapping either the PE-lined or AL foil lined 
cartons had an adverse effect upon the flavor of the 
packaged milk during storage. This wrapping effect was 
less pronounced with AL foil lined cartons than with 
PE-lined cartons. 
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ABSTRACT 

A study of 113 samples of vacuum packaged sliced bologna offered 
for sale in the retail marketplace revealed a wide range of total 
microbial loads. The pH was not closely related with age or microbial 
load , within the manufacturers' expected shelf-life of the product. 
Approximately SS o/o of old' samples had pH >6.0, and pH was 
influenced by manufacturer . Confirmed coliform bacteria were 
detected in So/o ofsamples , but Escherichia coli was absent (<3/ !0g). In 
contrast, group D streptococci were present , sometimes in large 
numbers , depending on manufacturer. Potentially pathogenic bacteria , 
including Clostridium per.fringens (> 10/g), coagulase positive Staphy
lococcus aureus (>25/g) and Salm dnella (in 25 g of sample) were 
generally not detected . Only one sample contained >25 S. aureusl g. No 
relationship was observed between total microbial load and indicator 
organisms or pathogenic bacteria. 

Bologna is an emulsion-type, non-fermented sausage 
which is cooked , cured and smoked during manufacture. 
Frequently sold as sliced, vacuum packaged luncheon 
meat, bologna is one of the most widely used sausage 
types in North America. During manufacture, bologna is 
cooked for 6 to 10 h to an internal temperature near 70 
C. Slicing has been shown to be the most important 
source of contamination by both saprophytic and 
pathogenic bacteria in these meats (23,24). The 
microflora of vacuum packaged luncheon meat changes 
during storage. Most bacteria on freshly packaged 
product die during storage (23) , whereas lactic acid 
bacteria tend to increase and often predominate _.the 
population within 2 weeks (1 , 2, 23). 

Initial counts in vacuum packaged, sliced, processed 
meats have been reported as 103 bacteria/ g (1, 30). These 
counts increase to 108/ g during refrigerated storage (1 , 
20, 21, 23). Although there is usually a marked drop in 
pH , growth to maximum bacterial population does not 
necessarily result in product spoilage (1 , 20, 23, 37). 
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'Present address: Department of Food Science, The University .: of 
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3Honorary Professor. Department of Microbiology. Th e University of 
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Many factors, including the saprophytic inicroflora, pH, 
nitrite and salt concentrations, available ~ater, and 
oxygen partial pressure influence survival and growth of 
pathogens (10, 21, 22, 27). Storage temperature will also 
have a marked effect on the microflora. Mesophiles , 
and therefore many pathogenic bacteria, have minimum 
growth temperatures of 10 to 15 C, and refrigerated 
storage of cured meats · (below 10 C) allows lactic acid 
bacteria to develop (4). 

With many variable factors influencing the microflora 
of bologna; this study was undertaken to determine the 
bacterial load of new and old , vacuum packaged , sliced 
bologna offered for sale in the retail marketplace. 

MATERIALS AND METHODS 

Sampling 
Vacuum packaged , sliced, processed meat , labelled " Bologna" , 

representing the product of six Canadian federally inspected 
manufactu rers was purchased from stores of four different retail 
chains. Samples were selected to represent " new" bologna (<IS days of 
manufacturer's shelf life expired) and "old " bologna ( >2 1 days of 
manufacturer's shelf life expired) . " New" samples were also purchased 
and stored in the laboratory at 4 C for bacterial analysis at the end of 
designated shelf-life. 
Sample preparation 

An 11-g wedge was cut aseptically through all slices in the package 
and homogenized with 99 ml of sterile, 0.1 "lo peptone water in a sterile 
Waring Blendor jar at high speed for 2 min . All bacteriological 
determinations, except Salmonella , were carried out on this sample 
homogenate. A separate 25-g wedge was cut , weighed ·and homogenized 
in !50 ml of sterile nutrient broth (Difco) for Salmonella enrichment. 
Bact'eriological analyses 

Appropriate dilutions of the homogenized 11-g samples were 
inoculated in duplicate onto the following media (all media were Difco 
brand , unless otherwise specified): 

Aerobic plate counts. Plate count agar incubated at 35 C for 48 h for 
Standard Plate Coun t (SPC); incubated at 21 C for 72 h for Total 

. Aerobic Plate Count (TPC); and incubated at 4 C for 10 days for 
psychrotroph count. 

Group D streptococci. The presumptive group D Streptococcus 
count was determined on KF Streptococcus agar and incu bated at 35 C 
for 48 and 72 h (!5). 

Lactic acid bacteria. Determined on Nitrite-Actidione-Polymyxin 
(NAP) aga r (8). incubated at 30 C for 72 h . Randomly picked colonies 
from NAP were sc reened using gram stain and catalase acti vity (!4) . 

.. 
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Lactobacilli. Determined on LBS agar (28), adjusted to pH 5.60 ± 

0.05 according to Costilow eta!. (6) , and incubated 30 C for 72 h . 
Microbacterium thermosphactum . Surface streaked on STAA agar 

(13), incubated 21 C for 72 h . Countable STAA plates were flooded with 
2-3 ml of oxidase reagent (N ,N-Dimethyl-p-phenylene-diamine 
monohydrochloride, Eastman Chemicals). Oxidase-positive colonies 
were excluded from the count. 

Clostridium perfringens . Determined on Tryptose-Sulfite-Cyclo
serine (TSC) agar (I 6) and on egg-yolk free TSC agar (I 7). Both TSC 
and egg-yolk free TSC plates were incubated at 35 C, anaerobically in a 
H2/C02 atmosphere (using BBL anaerobic jars and "gas-pak" 
cartridges) for 24 h. 

Staphylococci. Determined on Mannitol Salt agar (MSA, pre
sumptive staphylococci) and Baird-Parker (BP) medium and incubated 
at 35 C for 48 h. Colonies on BP medium were counted according to the 
Canadian Health Protection Branch acceptable method (18), 
differentiating between type I (shiny, black, smooth colonies causing 
clearing of the opaque egg-yolk medium, with or without a zone of 
precipitation around the colony) and type II colonies (Similar colonies 
without egg-yolk reaction) . A selection of type I and II colonies was 
inoculated into Brain Heart Infusion (BHI) broth, streaked on MSA 
slants and incubated at 35 C for 24 h . MSA positive cultures were 
inoculated from BHI broth into EDTA coagulase plasma to test for 
coagulase positive Staphylococcus aureus (1 8) . 

Coliforms and f ecal coliforms. The 3-tube method of the Most 
Probable Number (MPN) technique was adapted from the Canadian 
Health Protection Branch acceptable method (19) and the International 
Committee on Microbiological Specifications for Foods (ICMSF) 

procedures (.19). Appropriate dilutions were inoculated into Laury) 
Tryptose (LST) broth . Gas-positive LST tubes at 24 and 48 h were 
inoculated into Brilliant Green Lactose 2"1o Bile (BGB) and EC broths. 
Similarly, gas-positive BGB tubes at 24 and 48 h were streaked onto 
Levine EMB agar for the completed coliform test . All media, except EC 
broth , were incubated at 35 C. EC medium was incubated at 44.5 ± 

0.05 C for 24 and 48 h . Gas-positive EC tubes were used to determine 
the MPN of fecal Escherichia coli. 

Salmonella. The 25-g sample was homogenized in non-selective 
nutrient broth enrichment, incubated at 35 C for 20 h , and an aliquot 
transferred to Selenite Cystine (SC) broth , selective enrichment, and 
incubated at 35 C for 24 and 48 h . The SC selective enrichment was 
streaked onto Brilliant Green (BGA) agar and Bismuth Sulfite (BSA) 
agar and incubated at 35 C for 24 and 48 h. Salmonella-type colonies 
were screened on MacConkey agar and TSI slants. 

Positive controls were done during the study using known cultures of 
coagulase-positiveS. aureus, S. typhimurium , S. cholerae-suis, E . coli 
and C. perfringens. 

In addition to bacteriological tests , pH was measured on 111 of the 
bologna samples using a 1:10 blended homogenate of bologna in 
de-ionized , distilled water (23, 40) and for ca. 70"1o of the samples using 
a combination (single probe) electrode (Fisher Scientific Co., Cat. No . 
13-639-90) directly between the bologna slices (29, 31, 32, 36) . 

Analyses 
Data were analyzed statistically using Pearson 's correlation 

coefficients (r) as outlined by Nie et a!. (25). Chi-square analysis for 
independence (25) was carried out to determine the influence of 
manufacturer and age upon bacteria counts and pH. In addition, using 
only the results from " new" bologna samples (all brands) and "old" 
bologna samples (those samples which were purchased "new" and 
stored at 4 C in the laboratory to pull date) an analysis of variance (25) 
to determine effects of manufacturer and age was carried out. 

RESULTS AND DISCUSSION 

A total of 113 samples of bologna were analyzed, 
representing "new" and "old" samples from six 
manufacturers. The pH profile of 111 of the bologna 
samples is shown in Table 1. The pH ranged from 4.9 to 
6.7, and almost 50o/oof samples fell in the range of 6.1 to 
6.5. The pH of bologna has been reported as 6.2 to 6.4 
(37), 5.2 to 5.3 (26) and 5.0 to 6.5 (23). Results of this study 

TABLE I. pH of bologna samplesa analyzed in the study. 

pH values 

Sample 4.6-5.0 5.1 -5.5 5.6-6 .0 6.1-6.5 6.6-7.0 

(Number of samples) 
Manufacturer 

A 0 2 5 11 0 
B 0 0 3 9 1 
c 3 17 3 8 1 
D 0 2 2 9 0 
E 0 0 2 7 13 
F 0 0 3 10 0 

New samples 0 2 6 27 1 
Old samples 3 19 12 27 14 
All samples 3 21 18 54 15 

a Results for 111 samples out of 113 analyzed . 

supported the wider range of pH levels reported by 
Kempton and Bobier (23) . They noted that the pH drop 
did not occur until after 4 weeks of refrigerated storage. 
In this study, however, pH dropped before 4 weeks of 
storage had expired, possibly as a result of poor storage 
conditions at retail level. Age had a significant effect on 
pH (p<0.002). New bologna generally fell in the pH range 
of6 .1 to 6.5, while old product often had pH values below 1 

5.5. However approximately 55% of old samples failed to 
develop low pH. This poor correlation (r = - 0.2) was due 
to manufacturer effect (p = 0.0001). The old product of 
one manufacturer generally had low pH, while th~t of 
another manufacturer was generally high pH. This might 
explain reports by Steinke and Foster (37) and Riemann 
et al. (26) that samples had a narrow pH range. 

The distribution of saprophytic bacterial counts, 
including potential indicator organisms, is shown in 
Table 2. Total aerobic and psychrotroph counts varied 
over a wide range, which agrees with other literature 
reports for bologna and frankfurters {1, 20, 21, 23, 38, 
40). Results for total counts at different temperatures can 
be used to infer storage history of samples (38) . Samples 
stored continuously at 4 C or below should have 
psychrotroph counts equal to or greater than total counts 
at 21 or 35 C. For these samples, 44% of counts at 21 C 
and 29 o/o of counts at 35 C were at least five times higher 
than at 4 C. In comparison, 40% of counts at both 4 and 
21 C were at least five times lower than at 35 C. This 
suggests widely varying temperature histories of samples, 
resulting in growth of mesophilic organisms (i.e. storage 
temperature of 10 C and above). New samples had 
significantly lower total aerobic counts (p<0.001). 
Manufacturer also had a significant effect on total 
aerobic counts at 35 and 21 C (p<0.01) but not at 4 C, 
suggesting that differences in handling of product at 
manufacturing level influenced the mesophile count, but 
not the psychrotroph count. The psychrotroph count 
appeared to depend on post-manufacture storage 
conditions. 

Other saprophytic parameters measured in this study 
included lactic acid bacteria (NAP), lactobacilli (LBS) 
and M . thermosphactum (oxidase-negative count on 
STAA). As would be expected, the highest lactic acid 
bacteria and lactobacilli counts were detected in product 
that developed the lowest pH, correlation coefficients 
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TABLE 2. Profiles of saprophy tic and indicator organism cozmtsfor I I 3 samples ofvacuum-packaged. sliced bologna. 

Percent of samples with counts/ gin the ranges 

Count < 10 < 10 . < 10 . Number of 
106 108 samples 

Total count (35 C) 1.8 24.8 23.0 30.0 20.4 113 
Total count (21 C) 0.0 21.2 19.4 31.0 28.5 113 
Psychrotroph count 11 .5 18.5 23.0 37 .3 9.7 113 
Lactic acid bacteria (NAP) 22.7 13.6 13.6 31.8 18.2 44 
Lactobacilli (LBS) 41.4 21.6 8.1 27.0 1.8 Ill 
M. thermosphactum 62.8 16.8 13.3 7.1 0.9 113 
Group D streptococci 38 .9 13.3 15.9 26.5 5.3 113 

TABLE 3. Correlation coefficients between saprophytic counts and pH of bologna samples. 

Total counts 

pH 
Total count 35 C 

NAP' 
LBS' 
KF3 

21 c 
4C 

35C 

-o.60 

1NAP =presumptive lactic acid bacteria count . 
1 LBS =presumptive lactobacilli count. 

21 c 

-o.55 
0.89 

3KF =presumptive Group D Streptococcus count. 

4C 

-o.36 
0.61 

0.73 

'STAA =oxidase negative, presumptive M . thermosphactum count. 

r = - 0.66 and r = -0.61, respectively, These counts were 
influenced by manufacturer and age of the product. 
However, this was not true of M. thermosphactum. 
Contrary to expectation (14), M . thermosphactum did 
not appear to be associated with growth of bacteria in 
this vacuum packaged bologna, and correlations with 
other saprophytic organisms were extremely low (see 
Table 3). Furthermore, M. thermosphactum was not 
detected in 71 of the samples, indicating counts <100/g 
in 63 o/o of sam pies tested. 

The correlation coefficients between pH and different 
saprophytic bacteria parameters are shown in Table 3. A 
correlation of >0.7 is necessary to achieve SO% 
predictability between counts , such relationships were 
only observed in five of the 28 correlations, but many of 
the correlations were significant. These data indicate 
that lactic acid bacteria, lactobacilli and group D 
streptococci grew in the samples during storage, and 
their growth was reflected in the total aerobic counts at 
35 and 21 C, but not to the same extent at 4 C. 

Group D streptococci were detected in 78% of bologna 
samples analyzed, ranging from 10 to 2.1 x 108 

organisms/g. In 60% of samples, group D Streptococcus 
counts were above 100/g, indicating that many samples 
had been exposed to undesirable storage temperature 
conditions (5, 39). The group D Streptococcus count was 

'S . durans , originally described by Sherman and Wing in 1937 (35) is 
included in the 8th edition of Bergey's Manual as S. faecium (8). 
According to Deibel et al. (33) S. durans and S. faecium only differ in 
their ability to ferment arabinose and mannitol (the differentiating 
characteristics used for this study). The similarity between these 
organisms is widely accepted (3 ,9, 11) but for food microbiology the 
distinction of ""durans""-type is important because of different public 
health implications of th is strain (33 ,34) - in particular, its ability to 
survive and grow outside of the intestinal environment. 

NAP1 LBS2 KF3 STAA4 

-o.66 -o.62 -o.60 0.16 
0.81 0 .66 0.69 - 0.13 

0.82 0.65 0.63 0 .04 
0.47 0.64 0.34 0.03 

0.79 0.57 - 0.42 
0.47 - 0.15 

- 0.15 

significantly affected by age (p = 0.0004) and manufac
turer (p = 0.0001). The group D Streptococcus count was 
significantly correlated with total aerobic count at 35 C 
(r = + 0.685), again suggesting high storage tempera
tures. In a separate study (Stile, unpublished data), it 
was shown that 49% of isolates were Streptococcus 
faecium var. durans\ 38% were S. faecium and 
5% were Streptococcus faecalis. S. faecium var. 
durans has often been associated with heat processed 
meats, and in cheese it is not considered to indicate fecal 
contamination (12). However, both S. faecium and S. 
faecalis are considered by some to indicate fecal 
contamination (5). In these samples, numbers did not 
indicate degree of contamination because of the 
apparent growth opportunities for these organisms. A 
poor correlation was observed between coliform bacteria 
and group D streptococci in these samples, confirming 
the reports of others (5, 39) . However, the total absence of 
fecal-type E. coli in the samples raised doubts about the 
fecal implications of S. faecium and S. faecalis. 

For coliform bacteria and fecal E. coli, the lowest 
concentration that could be detected using the MPN 
technique was 3 organisms/ lOg. Only 5% of samples had 
detectable confirmed coliform counts. None of the 
samples were gas-positive in EC medium at 44.5 C and 
all samples were salmonella-negative in 25-g enrich
ments. This contrasted markedly with the group D 
streptococci, confirming that the group D streptococci 
were most likely from equipment, implicating sanitation 
of equipment and storage temperature, rather than poor 
hygiene as their source. 

Potentially pathogenic bacteria were only present at low 
concentrations in the bologna samples tested. Only 10 
(9%) samples had detectable levels of anaerobic spore 
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forming bacteria. One sample had coagulase-positive S. 
aureus at 102/ g, the remaining samples were <25/g. Only 
on Mannitol Salt agar (MDA) were appreciable counts, 
(up to 105/ g) obtained. However, 54% of samples had 
counts <1,000/ g, and in 44o/o of samples there was no 
detectable count. Counts on MSA represent salt tolerant 
bacteria that ferment mannitol. Although S. aureus 
would be included in this count, it appeared from the 
Baird-Parker medium results that potentially pathogenic, 
coagulase-positiveS. aureus counts were low. Since the 
samples had been stored and handled such that many 
bacteria could grow, it was apparent that for these 
samples the potentially pathogenic bacteria did not 
compete well with the saprophytic flora. High sapro
phytic counts would not necessarily indicate a potentially 
hazardous product. 

SUMMARY AND CONCLUSIONS 

The samples of bologna in the retail marketplace 
differ widely in bacterial load , both as a function of age 
and manufacturer. The latter is somewhat difficult to 
explain, but probably reflects different manufacturing 
techniques and different bacterial flora predominating in 
processing plants. Among the bacteria that grow in the 
bologna samples, the group D streptococci are the only 
group that mighfrepresent some concern. While group 
D streptococci are generally not accepted as indicators of 
fecal contamination of foods, they ·are suspected of 
having a food poisoning potential (39). Results of this 
study suggest that group D streptococci are not 
indicating fecal contamination. However, the source of S. 
'laecium, in particular, and also S. faecalis in these 
samples should be known before this conclusion can be 
confirmed . 

Low pH is an important protective factor against 
growth of potentially pathogenic bacteria in vacuum 
packaged luncheon meats. This study indicated that low 
pH may not develop in the samples, right up to the end of 
shelf-life (30 to 35 days from manufacture). Low pH 
alone, therefore, cannot be relied on for protection 
against growth of food poisoning bacteria in bologna. 
The low levels of potential pathogens in the bologna 
samples analyzed, even in samples with high total 
bacterial loads , indicate either a low incidence of 
contamination or failure of the pathogens to survive in 
the product. Bacterial standards, at least for total 
bacterial loads, would not appear to be meaningful for 
vacuum packaged bologna. Inoculation studies using 
enteropathogenic bacteria would help to clarify the food 
poisoning potential of bologna. · 
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ABSTRACT 

Factors that contributed to foodborne outbreaks that were reported 
in the U.S . from 1973-1976 are identified and categorized by disease 
and by locale il\ which incriminated foods were mishandled. Data from 
the same years are tallied separately and combined with data from the 
yea rs 1961-1972. Inadequate cooling was associated with most 
food borne outbreaks , with many bacterial foodborne diseases (such as 
salmonellosis , staphylococcal food poisoning, and Clostridium per
fringens gastroenteritis) , and frequently with outbreaks that originated 
from foods prepared in foodservice establishments and homes. 
Inadequate cooling practices were usually either failure to refrigerate 
cooked foods or the storing of foods in large stock pots or other large 
containers that were refrigerated. Other important factors that 
contributed to foodborne outbreaks were the lapse of a day or more 
between preparing and serving (coupled with inadequate refrigeration 
or hot-holding during this time), handling of cooked foods by infected 
persons, inadequate cooking or other thermal processing, inadequately 
high temperatures during hot storage, inadequately high reheating 
temperatures , inadequate cleaning of kitchen or processing equipment , 
ingestion of contaminated raw food or ingredient , and cross 
contamination. The frequency of involvements of the factors that 
contributed to outbreaks in England and Wales was quite similar. The 
principal factors that contributed to staphylococcal food poisoning 
were inadequate cooling practices , infected person manipulating 
cooked food , and lapse of a day or more between preparing and serving. 
The principal factors that contributed to C. peifringens gastroenteritis 
were inadequate cooling practices, lapse of a day or more between 
preparing and serving, and inadequately high temperatures during hot
holding and reheating. The principal factors that contributed to 
sa lmonellosis were inadequate cooling practices , contaminated raw 
ingredients , inadequate cooking or thermal processing, and cross
contamination. 

Epidemiologic and research data collected over the 
past century have demonstrated that the following 
sequence of events must occur for persons to get a 
foodborne disease: (a) the etiologic agent must be present 
either in citizens of a community, in food-source animals, 
or in the environment in which foods are grown, 
harvested , processed, or stored; (b) the agent itself or the 
organism that produces it (if it is one of several toxins) 
must contaminate a food during the growing period or 
during harvesting, processing, storage, or preparation; 
(c) then, one of the following events must happen; (z) the 
agents must be present on or in the contaminated food in 

sufficient numbers or concentrations to survive the 
remainder of the growing period , storage, and processing 
and still cause illness; (iz) bacteria on or in foods in 1 

insufficient numbers to cause illness must multiply and 
reach quantities or produce toxins in sufficient quantities 
to cause illness; (iiz) microorganisms, particularly 
bacteria, enter food preparation areas on or in raw foods, 
where they are transferred to worker's hands or to 
equipment surfaces, which if inadequately washed will 
then contaminate other foods that they subequently 
touch (and hence, if bacteria, multiply as described in 
(3iz); (d) sufficient quantities of the contaminated food 
that contains enough of the agent to exceed a person's 
resistance-susceptibility threshold must be ingested. 
Ingestion offoods contaminated to this level can result in 
sporadic cases of illness as well as outbreaks. Whether or 
not outbreaks are detected depends on the number of 
persons who ingested the contaminated food and on the 
socio-cultural attitudes of the populace to report illness 
and the efficiency of a health agency to determine that 
the illness is foodborne and epidemiologically related to 
other cases . When numbers of pathogens insufficient to 
cause illness are ingested , an infected individual may 
become a carrier and may contaminate other foods that 
he touches. 

Each step in the sequence of events necessary to 
contribute to outbreaks of foodborne disease is briefly 
reviewed. 

(a) Microorganisms that cause foodborne disease are 
commonly associated with healthy persons or animals 
and the environment (e.g., soil), as well as with ill persons 
or animals. Chemicals that cause illness are frequently 
those used for acceptable agricultural or industrial 
practices but are applied too close to harvesting, used in 
a haphazard manner , or added to foods in excessive 
amounts. 

(b) There are many sources of contamination of foods. 
Fruits and vegetables can become contaminated during 
production on farms, and seafoods and water-grown 
vegetables can become contaminated in their aquatic 
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environment. Meat can become contaminated if the meat 
is taken from an animals that has septicemia, if 
infectious lesions remain on sites used as meats, if edible 
organs are infected or inedible infected organs leak on 
meat surfaces, or if cross-contamination from animal 
feces occurs. Eggs become contaminated during form
ation , while in contact with nesting material, or by 
droppings. Foods are also contaminated by workers and 
by environmental sources during handling and prepara
tion in food processing plants, food service establish
ments, and homes. The point at which contamination 
occurs depends on the natural sources of a pathogen or 
the source of a poisonous substance and on the 
opportunities for transfer at each stage of the food 
production -processing-preparation chain. 

(c) Pathogenic bacteria on and in the contaminated 
food will multiply if the food contains sufficient moisture 
and sufficient quantity and variety of nutrients; if the pH 
and the redox potential of the food are favorable; if 
food-holding temperatures are within the growth range 
(particularly when the temperature is near the optimal 
growth temperature for the particular kind of pathogenic 
bacteria for enough time), and if they can successfully 
compete with the mixed microbial flora on and in the 
foods. Growth of spoilage bacteria that are usually on 
raw foods often inhibits growth of pathogenic bacteria. 
Raw foods, however, become vehicles of foodborne 
outbreaks when the ratio of pathogen to competitive 
flora is high or when the contaminating strain of 
pathogen is particularly virulent or is able to survive the 
co11;1petition of other flora, the effects of processes, and 
multiply during storage. 

For heat-processed foods to become vehicles of 
foodborne disease outbreaks, pathogens - particularly 
bacterial spores - survive heat processing or the food 
becomes contaminated after the heat processing. 
Pathogenic bacteria that survive processing and prepara
tion usually have to multiply to reach levels that cause 
disease. Most vegetative bacteria - but not spores -
will be killed if during cooking any contaminated 
portions offood reach 73.9 C (165 F) for a few seconds (or 
even temperatures as low as 60 C (140 F), if held at such 
temperatures long enough. All foods, however, are not 
cooked before being eaten, and the temperatures reached 
during cooking can be too low or the time too short (at 
that temperature) to kill pathogens. 

Pathogens often get into food preparation environ
ments on contaminated raw foods, particularly raw foods 
of animal origin. These organisms are killed if food is 
thoroughly cooked; but, before the food is cooked , 
pathogens can contaminate hands of workers who touch 
the raw foods, and they can contaminate equipment that 
is used in their processing, preparation, or storage. These 
same foods after heat processing become recontaminated 
or other foods can become contaminated if they are 
handled by these workers or processed or prepared with 
the same equipment which has not been subsequently 
cleaned and sanitized . 

A food contaminated with foodborne disease bacteria 
can support their growth under certain conditions: the 
food must contain sufficient moisture and essential 
nutrients and be within favorable pH and redox ranges to • 
support growth of these pathogens; it must be kept 
within a temperature range that permits these bacteria to 
multiply (this is usually near the organism's optimal 
temperature for growth); and the food must be kept at 
such temperatures long enough for sufficient organisms 
(or toxins) to be produced to cause illness in those who 
ingest the food. 

(d) Ingestion of contaminated food, however, does not 
always result in illness. Enough pathogens must be 
swallowed to exceed a person's threshold of resistance if 
illness is to result. Adult human volunteer feeding studies 
have indicated susceptibility resistance threshold levels 
for various enteric pathogens (10). Ten Shigella 
dysenteriae 1, 180 Shigella flexneri 2a, or 1,000 Vibrio 
cholerae biotype inaba can, if ingested, cause illness or 
carrier status. These quantities could conceivably be 
present on foods that were contaminated in fields or in 
watercourses by irrigation water containing sewage, or 
that were contaminated during handling by infected 
persons. Ten thousand Salmonella typhi and V. cholerae 
biotype inaba can cause illness; conceivably this amount 
could be present on foods recently fertilized with night 
soil or raw sewage. Most of the other organisms (such as 
Salmonella, Clostridium perfringens, and Escherichia 
colz) for which human feeding tests have been carried out 
usually require time for multiplication before the large 
number (often 100,000 or more) necessary to cause illness 
would be generated (10). Staphylococcal enterotoxin is 
produced when enterotoxic strains of Staphylococcus 
aureus multiply; there are usually 500,000 or more 
staphylococci present per gram before enterotoxin is 
detectable (9). Infants, elderly persons, malnourished 
persons, and persons with concomitant illness are more 
susceptible than healthy adults; perhaps a log or more 
reduction in dosage would cause illness among them . 

It is unlikely that an infective dose of salmonellae 
would be on lettuce or other raw vegetables, for example, 
but it is possible for the same foods to contain an 
infective dose of shigellae. Shigellae, however, do not 
usually survive long in the microbiologically competitive 
environment of food. Salmonellae, C. perfringens, and 
many other food borne disease causing bacteria would be 
problems if contaminated foods were allowed to stand at 
room temperature, be stored in hot-holding devices at 
bacterial incubating temperatures, or be stored in large 
pots or otherwise in bulk in refrigerators for sufficient 
time to permit them to multiply to sufficient numbers to 
cause illness . 

Each sequence of events described is shown to be an 
important factor that contributes to foodborne disease 
outbreaks by critical review of epidemiologic investiga
tions and surveillance reports for the period 1961 
through 1976. 
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MATERIALS AND METHODS 

The present study, as well as those of the past (5-7), was done by 

gathering details on operational or constructional factors that 

contributed to outbreaks of foodborne illness which were reported in 

public health literature or national surveillance data . Info rmation was 

sought from periodic surveillance reports that are published by the 

Center for Disease Control (CDC); articles in journals; reports of 

outbreaks that have been sent to CDC from states, local health 

departments, or Federal agencies; and reports from CDC's Epidemic 

:I ntelligence Service. The surveillance reports that were prev iewed are 

Morbidity and Morality W eekly R eports ()4) Salmonella Surveillance 

Reports ()5), Shigella Surveillance R eports ()7) , Hepatitis Surveillance 

Reports (26) , and Trichinosis Surveillance R eports ()8). Index Medicus 

(1961-1977), Excerpta Medica (1961 -1977), Abstracts of Hygiene 

(Bulletin of Hygiene), (1961-1977) and Current B ibliography of 

Epidemiology (1961-1977) were reviewed for listings of articles 

concerning foodborne disease outbreaks that occurred in the United 

States. Only those outbreaks that contained some mention of a food 

production , processing or preparation history were included in the 

data . Summary data were only used if there was a narrative to confirm 

the contributing factor. Outbreaks cited by one source were checked 

aga inst the other source to avoid duplication. This survey, although 

pointing out many important factors that contribute to outbreaks, 

suffers certain shortcomings, which include: inadequate reporting of 

outb reaks; and incomplete reporting, write-up, or abstracting of these 

factors and outbreaks. 

RESULTS AND DISCUSSION 

In the United States, factors that have been frequently 
shown to contribute to outbreaks of foodborne disease 
are (in order of frequency of occurrence): inadequate 
cooling of foods, lapse of a day or more between 

preparing and serving, infected persons having touched 

foods which are not subsequently heat-processed, inade
quate time or temperature or both during heat 
processing of foods , insufficiently high temperature 

during hot storage of foods, inadequate time or 
temperature or both during reheating of previously 
cooked foods, ingesting contaminated raw foods or raw 

ingredients , and other factors listed in Table 1. This 
table compares the most frequently reported factors that 

contributed to the occurrence of foodborne disease 
outbreaks for three periods, 1961 through 1970 (5) 1971 

and 1972 (6, 7), and 1973 through 1976. A more detailed 

breakdown of the factors that have been shown to 

contribute to specific outbreaks of foodborne disease 
reported from 1973 through 1976 is shown in Table 2. 

Inadequate cooling practices are the major contri

butors to outbreaks of foodborne disease. Data from 
these outbreaks that were reported in the U.S. from 1973 

through 1976 show that the following practices Jed to 

inadequate cooling: leaving foods at room temperature 
for several hours , storing foods in large pots or pans or 

otherwise in bulk in refrigerators, storing foods in 
refrigerators that maintain temperatures above recom

mended levels or permit temperatures above recom

mended levels because of malfunction , nonrefrigerated 

transport in trucks or car trunks , and storing in ovens 
that were turned off (Table 3). 

Data from the United States can be compared to a 
summary of some outbreaks of foodborne disease that 
have occurred in England and Wales and summarized in 

the British Medical Journal from 1969 to 1976 (Table 4) . 

TABLE 1. The most important j{1ctors that contributed to the 
occurrence of 1.152 outbreaks of foodbome disease (by rank and 
percent)' reported in public health literature or surveillance data 

during 1961 through 1976 and containing information about 
contn'hutoc)' fOctors 

Contributory factor 
1961-19J02 1971-19723 1973-1976 1961-1976 

(493) (232) (427) (1 ,152) 

Inadequate cooling 1 (46) 1 (48) 1 (46) 1 (46) 
Lapse of a day or more between 4 (21) 2 (23) 2 (20) 2 (21) 

preparing and serving 
Infected person 3 (22) 4 (19) 3 (18) 3 (20) 
Inadequate thermal processing, 2 (24) 5 (10) 6 (11) 4 (16) 

canning, or cooking 
Inadequate hot storage 6 (13) 3 (21) 4 (16) 5 (16) 
Inadequate reheating 7 (9) 6 (9) 5 (16) 6 (12) 
Ingesting contaminated raw 5 (14) 7 (6) 7 (11) 7 (11) 

food or ingredient 
Cross-contamination 7 (9) 7 (6) 10 (4) 8 (7) 
Inadequate cleaning of equ ipment 9 (8) 9 (6) 8 (6) 9 (7) 
Obtaining food s from unsafe 10 (6) 11 (3) 12 (4)5 •6 10 (5) 

sources 
Using leftovers I I (3) 10 (4) 9 (5) 11 (4) 

' More than 100% shows in percentage figures because multiple factors 
are usually necessary for outbreaks of food borne disease to occur. 
'Reference: Bryan (5) 1 
3Reference: Bryan (7) 
4Number of outbreaks reviewed in each survey. 
5Storing high-acid foods in toxic containers r~nked eleventh. 
6Toxic species mistaken for edible varieties also ranked twelfth. 

TABLE 2. Inadequate cooling practices that contributed to 189 

foodborne disease outbreaks reported 1973 through 1976. 

Inadequate practice 

Left at room temperature 
Stored in large container 
At room temperature in large container 
Refrigerator unit above recommended temperatures 
At room temperature, then in refrigerator at 

above recommended temperatures 
Transportation unit not refrigerated 
Car trunk 
Oven turned off 

'Total percent when multiple poor practices occurred 

Number 

105 
43 
18 

6 
6 

5 
3 
3 

Percent 

56(68)1 

23 (32)1 

10 
3 (6)' 
3 

3 
2 
2 

In England and Wales, factors that have been shown to 

contribute to outbreaks of foodborne disease are (in 
order offrequency of occurrence): inadequate cooling of 

foods, lapse of a day or more between preparation and 
serving, inadequate time or temperature or both during 

reheating, inadequate time or temperature or both during 
cooking, infected persons having touched foods which 

are not subsequently cooked, ingestion of contaminated 
raw food or ingredient, obtaining foods from unsafe 
sources, insufficient high temperature during hot

holding, and other factors listed in Table 4. These factors 

are quite similar to the factors that contribute to 
foodborne outbreaks in the United States (Tables 1 and 
2) . 

The factors that most often contribute to outbreaks of 
foodborne disease vary, depending on the type of 
establishment in which foods are handled . Annual 

foodborne disease surveiJiance data show that foods that 

are implicated in outbreaks are frequently mishandled in 
foodservice establishments and homes. For instance, 

from 1973-1976, 67.4o/o were mishandled in foodservice 

' ' 
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TABLE 4. Factors that contributed to the occurrence of81 outbreaks of food bonze disease. abstracted in the British Medical Journal. 1969 through 
1976. 

------.------------------.---------------.-----------------------------------,----, 

Disease 

Clostridium 
peifrbzgens 

gastroenteritis 
Salmonellosis 

Staphylococcal 
intoxication 

Bacillus cereus 
gastroenteritis 

Escherichia coli 
gastroenteritis 

Group A 
streptococcal 
gastroenteritis 

Total 
Percent 

28 
(93)1 

16 
(63) 

15 
(79) 

2 
(100) 

1 
(100) 

62 
(77) 

3 
(10) 

4 
(15) 

1 
(50) 

8 
(10) 

Incubation 

24 
(80) 

14 
(52) 
12 

(63) 

1 
(50) 

1 
(100) 

52 
(64) 

... .s 
" "' -5 ... 
Q) 
c. 
2 
c. 

..§ 

1 
(5) 

1 
(1) 

5 
(17) 

11 
(41) 

1 
(50) 

17 
(21) 

Process 
fai lure 

15 
(50) 

6 
(22) 

1 
(SO) 

23 
(28) 

2 
(7) 

1 
(4) 

1 
(50) 

3 
(4) 

1 
(4) 

11 
(58) 

1 
(100) 

13 
(16) 

8 
(30) 

1 
(50) 

9 
(11) 

11 
(41) 

1 
(50) 

12 
(15) 

Contamination 

7 
(26) 

7 
(9) 

5 
(19) 

1 
(5) 

6 
(7) 

1 
(4) 

1 
(50) 

2 
(2) 

... 
.s 
" Q) 

g. 
E 

~ 
; 
u 

4 
(21) 

4 
(5) 

30 

27 

19 

2 

2 

81 

1M ore than 100%shows in percentage figures because multiple factors are usually necessary for outbreaks of food borne disease to occur. 

establishments, and 26.6% were mishandled in homes. 
(29) . (Percentages were calculated with denominator of 
number of places where foods were known to be 

l' mishandled.) 
The factors that occasioned outbreaks of foodborne 

disease when foods were mishandled in foodservice 
establishments in the United States during 1973 through 
1976 are (in order of frequency of occurrence): 
inadequate cooling of foods, insufficiently high tempera
tures during hot-storage of foods, lapse of a day or more 
between preparing and serving food, infected person 
having touched foods which are not subsequently 
heat-processed, inadequate time or temperature or both 
during reheating of previously cooked foods, and other 
factors listed in Table 5. 

Factors that occasioned outbreaks of foodborne 
disease when foods were mishandled in homes in the 
United States during 1973 through 1976 are (in order of 
frequency of occurrence): inadequate cooling, inade
quate time or temperature or both during canning or 
cooking, mistaking toxic species of mushrooms and other 
plants for edible varieties, obtaining foods from unsafe 
sources, lapse of a day or more between preparing and 
serving, and other factors listed in Table 6. 

Factors that have contributed to the occurrence of 
outbreaks of foodborne disease which resulted from 
foods mishandled in food processing plants are presented 
in Table 7 and have been reviewed previously (6). 

Factors that contribute to outbreaks of foodborne 
disease form general patterns depending on the 
classification of the etiologic agent . Table 8 shows that 

factors that affect growth, survival , and contamination 
(all) frequently occur in outbreaks of bacterial food borne 
illness. Factors that affect survival and contamination 
are of concern in outbreaks caused by parasites. Factors 
that affect contamination are of major concern in 
outbreaks caused by viruses , toxic plants, and chemicals. 

Factors that contribute to outbreaks of any specific 
foodborne disease are unique for that disease. As data 
are collected over the years, patterns develop as indicated 
in Table 3-7 and Table 9. These can be studied and 
methods of prevention and control devised and priorities 
set. 
Staphyloenterotoxicosis 

Factors that most often contributed to outbreaks of 
staphylococcal food poisoning are inadequate cooling of 
foods, infected persons having touched cooked foods, 
and lapse of a day or more between preparing and 
serving. These factors and other less important factors 
are listed in Table 3-7 and Table 9. 

Although S. aureus is sometimes isolated from raw 
meat and poultry, food workers or homemakers appear to 
be the main source of the organisms that contaminate 
foods which become vehicles of outbreaks of staphylo
enterotoxicosis . Many persons carry S. aureus in their 
anterior nares; their hands readily become contaminated. 
Staphylococci are resident as well as transient on skin (9) . 
Most persons who contaminate foods are nasal carriers ; 
only occasionally does the contaminating organism come 
from cuts, burns, or boils (2, 9, 19). 

Vehicles are usually foods that are rich in protein. 
Several particular amino acids and thiamine and niacin 
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TABLE 5. Factors that contribute to the occurrence of235 outbreaks offoodbome disease where mishandling occurred infoodservice establishments. 1973 through 1976. 

Factors 
Factors affecting growth affecting 

survival 
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Bacterial 
Staphylococcal 38 (1)2 7 23 1 2 (1) (7) 22 (7) 

in toxication 
Salmonellosis J 9 (1) 7 J 10 3 J 14 3 (3) 
Clostridium perfringens 12 8 (1) 9 3 3 (1) 11 

gastroenteritis 
Shigellosis 1 2 2 5 (1) 
Vibrio parahaemolyticus 2 
gastroenteritis 

Bacillus cereus 2 1 
gastroenteritis 

Group A Streptococcus 2 2 
infections 

Typhoid fever 1 I 
Total Bacterial 76 (2) 25 (2) 1 47 9 6 (2) 28 (7) 33 (l J) 

Viral 
Hepatitis A 8 (3) 

Parasitic 
Amebiasis 1 (1) 
Toxoplasmosis 
Trichinosis 
Total Parasitic 1 (I) 

Chemical 
Copper poisoning 
Monosodium glutamate poisoning 
Detergent/soap/ phosph ate poisoning 
Fluoride poisoning 
Zinc poisoning 
Total Chemical 

Total diseases of known etiology 76 (2) 25 (2) I 47 10 6 (2) 28 (7) 41 (15) 2 

Percent' 56 19 I 34 7 6 25 40 I 

Diseases of unknown etiology but vehicle identified 72 (1) 37 I 21 6 3(1) 24 (5) 

Total 148 (3) 62 (2) 2 68 16 9 (3) 52 (7) 41 (20) 2 

Percent' 63 27 I 29 7 5 25 26 I 
-

'More than 100%shows in percentage figures because multiple factors are usually necessary for food borne disease out6reak.s to occur. 
2Data in parentheses represent factors that were suggested but not confirmed . 
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-TABLE 6. Factors that contributed to the occurrence of 122 outbreaks offoodbome disease where mishandling occurred in homes. 1973 through 11)76 . 

. 
Factors 

Factors affecting growth affecting Factors affecting contamination 
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St~phylococcal 12 (1)2 2 6 (2) 4 (3) 
intoxication 

Clostridium perfringens 6 1 4 1 3 
gastroenteritis 

Typhoid fever 1 (1) 
Brucellosis 1 Cholera 1 1 1 1 Shigellosis (1) 
Total Bacterial 26 (1) 6 10 1 8 21 (2) 5 (2) 4 (6) 1 9 (4) 3 1 
Viral 
Hepatitis A 

Parasitic 
Trichinosis 5 12 (1) 
Anisakiasis 

2 
Diphyllobothriasis 1 
Toxoplasmosis 1 Total Parasitic 6 15 (1) 
Toxic Plants 
Mushroom poisoning 15 15 
Burdock root poisoning 

1 
Cyanide poisoning (1) 
Pokeweed poisoning 1 
Tota l Toxic Plants 15 17 (1) 
Toxic Fish 
Tetrad on 

1 
Chemical 
Copper poisoning 
Monosodium glutamate poisoning 
Cadmium poisoning 
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Sulfuric acid poisoning 
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Total disease of know etiology 

Percent1 

Diseases of unknown etiology 
but vehicle identified 

Tota l 

Percent1 

26 (1) 

22 

IS 

41 (1) 

30 

.. 
6 10 I 

5 8 1 

2 5 4 

8 15 5 

6 11 4 

8 27 (2) 5 (2) 4 (6) 16 24(5) 

6 24 6 8 13 24 

(1) 2 

8 27 (2) 5 (2) 4 (7) 16 26 (5) 

6 21 5 8 II 22 

'More than lOO o/o shows in percentage figures because multiple factors are usually necessary for foodborne outbreaks to occur. 2Data in parentheses represent factors that were suggested but not confirmed. 
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TABLE 8. Percent offactors that contributed to the occurrence of outbreaks of several classes of food borne diseases reported in public health 
literature or surveillance data during 1961 through 1976. 

Factor 

Factors affecting growth 
Inadequate cooling 
Inadequate hot storage 
Inadequate thawing 
Growth during germination 
Faulty fermentation 
Lapse of day or more between 

preparing and serving' 
Use of leftovers3 

Factors affecting survival 
Inadequate cooking, thermal 

processing, or canning 
Inadequate reheating 

Factors affecting contamination 
Infected persons 
Unsafe source 
Contaminated raw ingredient 
Toxic species mistaken 

for edible varieties 
Cross contamination 
Inadequate cleaning of equipment 
Toxic containers 
Incidental additives 
Intentional additives 
Selling contaminated products 

or toxic foods 
Poor storage practices 
Contamination of washed dishes 
Unknown post-processing 

contamination 
Contamination by fertilizer 

or soil 
Faulty sealing of cans or jars 
Improper evisceration 
Contaminated water 
Misbranding 

Bacterial 
(707)2 

55 
16 
<1 
<1 

2 

26 
4 

20 
14 

25 
1 

13 

9 
8 

<1 

<1 

1 
<1 
<1 
<1 

Viral 
(44) 

2 

66 
36 

2 

Diseases 

Parasitic 
(72) 

59 

64 

8 
8 

Toxic plants 
(44) 

52 

66 

9 

2 

Chemical 
poisonings 

(79) 

47 
15 
34 

6 

3 

' 

'Percentages tabulated for each class of diseases separately. More than 100%show in percentage figures because multiple factors are usually necessary 
for outbreaks of food borne disease to occur. 
2 Number of outbreaks on which data are based. 
3Indirect factors that influence situation only when other factors occur. 

are necessary for the growth of staphylococci and 
production of enterotoxin. Many of the vehicles (such as 
(custard or ham) contain relatively high concentrations of 
sugar or salt; thus, they have a lower water activity than 
is optimum for most bacteria. Such substances inhibit 
the growth of many bacteria, but not staphylococci (8, 9). 
Foods that have been implicated in outbreaks of 
staphylococcal food poisoning have usually been cooked 
and then cut, sliced, mixed , grated, ground, or otherwise 
handled by persons who are carriers of enterotoxigenic 
strains of S. aureus (9, 16). The cooking is itself often an 
important factor that indirectly contributes to outbreaks 
because S. aureus does not compete successfully with the 
bacteria that are commonly found in raw foods. Cooking 
reduces or eliminates the nonsporeforming bacterial 
flora, including staphylococci. After cooked foods are 
subsequently handled and thus contaminated, they must 
remain at room temperature or be refrigerated in such 
bulk as to retain heat for a sufficient time for S. aureus to 
multiply and produce enterotoxin in the absence of 

numerous competitive organisms. Staphyloenterotoxins 
are not destroyed by the usual reheating in routine food 
processing and service operations. (9). 

Salmonellosis 
Factors that have most often contributed to outbreaks 

of salmonellosis are inadequate cooling of foods, 
ingesting contaminated raw foods or ingredients, 
inadequate time or temperature or both during heat 
processing of foods, cross-contamination from raw foods 
(frequently raw meat, raw poultry, eggshells, and 
unpasteurized egg products) to cooked foods, lapse of a 
day or more between preparing and serving, inadequate 
cleaning of equipment, insufficiently high temperatures 
during hot storage, infected person having touched foods 
which are not subsequently heat processed , and 
inadequate time or temperature or both during reheating 
of previously cooked foods. These factors and other less 
frequently reported factors are listed in Tables 3-7 and 
Table 9. 

Current epidemiologic evidence indicates that meat-
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TABLE 9. Percenti offactors that contributed to the occurrence of outbreaks of several bacterial foodborne diseases reported in public health 
fit erature or surveillance data during 1961 through 1976. 

Factor Salmone~osis 
(2381 

Factors affecting growth 
Inadequate cooling 47 
Inadequate hot-holding 14 
Lapse of day or more 17 
between preparing 
and serving 

Use of leftovers 4 
Faulty fermentations I 

Factors affecting survival 
Inadequate cooking, heat 21 

processing, canning 
Inadequate reheating 13 

Factors a.ffecting contamination 
Infected person 13 
Contaminated raw ingredients 32 
Cross-contamination 21 
Inadequate cleaning of equipment 15 
Unsafe source 1 
Contaminated water 

Staphylococcal 
intoxication 

(214) 

78 
18 
44 

3 

3 

(7)3 

53 

3 
9 

Clostridium 
perfringens 

gastroenteritis 
(93) 

76 
46 
51 

12 

(9)' 

45 

2 
1 

Bacterial Diseases 

Botulism 
(85) 

13 
2 

9 

80 

2 

Shigellosis 
(27) 

--

56 

22 

4 

7 

89 

'Percentages tabulated for each group of diseases separately. More than 100% shows in percentage figures because multiple factors are usually 
necessary for outbreaks of food borne disease to occur. Factors occurring in less than 1 o/oof outbreaks omitted. 
2Number of outbreaks in which data are based. 
3Poor practices reported but probably would not have altered outcome of outbreak. 

"'to 

• 

Vibrio 

Typhoid fever 
parahaemolyticus 

gastroenteritis 
(14) (12 

7 67 
7 

7 

79 
42 
33 

14 17 
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source animals are major reservoirs of salmonellae. 
Animals become infected either from feed which 
frequently contains salmonellae or from their environ
ment which has been contaminated by previous flocks 
or herds. The infection rate increases when swine or 
cattle are transferred to slaughter and held in pens. A 
few infected (or superficially contaminated) animals are 
the source of salmonellae that are spread from fecal 
matter to many carcasses. Considerable contamination 
occurs early in processing, during defeathering of fowl or 
dehairing of swine. Washing reduces the level of 
contamination , but subsequent handling enhances the 
possibility of cross-contamination, which increases the 
number of contaminated carcasses. The primary sources 
of salmonellae in retail stores, food processing establish
ments , and homes are poultry carcasses , cuts of meat, 
and unwashed eggshells . Consequently, poultry, meat, 
and eggs have been more commonly associated with 
outbreaks than have other foods (2, 12, 23). 

Foods that have been vehicles in outbreaks of 
salmonellosis usually become contaminated by salmon~ 

ellae in one of the following ways: (a) animal and fowl 
carcasses are contaminated with fecal matter during 
processing; (b) foods that receive no further heat 
treatment or that are inadequately heated are contami
nated by raw ingredients, such as checked or cracked raw 
eggs that already contain salmonellae or have them on 
their shells; (c) cooked foods become contaminated by 
touching unwashed or inadequately cleaned equipment 
that has been used to process contaminated raw foods of 
animal origin or by persons who have previously 
handled such contaminated foods (cross-contamination); 
and , to a lesser extent (d) human carriers who practice 
poor personal hygiene. It has been difficult to determine 
during outbreak investigations whether infected food 
workers were carriers and the source of contamination or 
whether they had eaten the same foods as did the other 
persons who had become ill or had handled the 
contaminated food . 

To become dangerous , foods contaminated by 
salmonellae usually must be held long enough at suitable 
temperatures for salmonellae to multiply to sufficient 
numbers to cause infection. In most episodes of 
salmonellosis, the ill have ingested millions of salmo
nellae. But smaller numbers of some serotypes can 
apparently cause illness in susceptible persons (1 , 10, 13, 
17). 

Clostridium perfringens gastroenteritis 
Factors that most often contributed to outbreaks of C. 

peifringens gastroenteritis are inadequate cooling of 
foods (meat, poultry, gravy, stock), lapse of a day or more 
between preparing and serving, inadequate time or 
temperature or both during hot storage of foods, and 
inadequate time or temperature or both during reheating 
of previously cooked foods. These and other less 
important factors are listed in Tables 3-7 and Table 9. 

C. perfringens is commonly found in the intestinal 
tract of man and animals and in dust and soil (15). 

During processing, meat and poultry frequently become 
contaminated by vegetative cells or spores of C. 
perfringens from one or more of these sources. Spores of 
some strains of C. peifringens survive boiling for 4 to 6 h; 
so, they survive the time-temperature effects of rhost 
cooking operations. Furthermore, cooking drives off 
oxygen; this can reduce the redox potential of the food to 
a level at which C. perfringens can initiate growth. 
Cooking also kills competitive organisms and heat
shocks any C. perfringens spores (that are present so that 
a greater number of C. perfringens spores) germinate 
than would occur without heating. Because this organism 
is commonlv found in the environment of or on equipment 
in foodservice establishments, as well as in the intestinal 
tracts and on the hands of workers, foods can easily 
become contaminated after cooking (1 1) . Spores that 
survive cooking must germinate and vegetative cells that 
evolve or that have contaminated cooked foods must 
multiply to sufficient numbers in the food to cause illness 
when ingested. 

C. peifringens can grow only if several particular 1 
amino acids and vitamins are available to it. Few foods, 
other than meat and poultry (or their stock or gravy) 
contain the necessary nutrients . C. perfringens will 
multiply in a protein-rich substrate when such foods are 
stored for several hours at room temperature, stored in 
large pots in a refrigerator, or stored in a warming device 
that holds the food at SOC or below (4, 14, 15). 
Botulism 

Outbreaks of botulism result when Clostridium 
botulinum survives the effects of time-temperature 
exposure during thermal processing, and when this 
organism multiplies and produces neurotoxin in the 
anaerobic environment of cans, jars, plastic bags, or bulk 
food (Table 3, 6, and 8). Inadequate time or temperature 
or both during cooking (as the failure to process 
hot-packed jars in pressure cookers) of home-preserved 
foods still contributes to most outbreaks. Other 
outbreaks, however, have been traced to fermented, 
smoked, and dried foods which are inadequately 
processed. Sources of C. botulinum are soil, mud, or 
water from which foods are grown and harvested (21, 22). 

Vibrio parahaemolyticus gastroenteritis 
Vibrio parahaemolyticus is found in high numbers in 

warm sea waters, and is frequently isolated from raw 
marine seafoods (1 8, 20). Several factors usually 
contribute to outbreaks (Tables 3, S and 9). Inadequate 
refrigeration has contributed to multiplication of V 
parahaemolyticus. Inadequate time or temperature or 
both during cooking has allowed these organisms to 
survive in seafoods. Handling raw seafoods and then 
cooked foods and processing them on the same 
equipment have recontaminated the cooked foods. 

Other foodborne diseases 
In outbreaks of shigellosis, typhoid fever, and 

streptococcal pharyngitis , foods are usually contam
inated by infected workers who practice poor personal 
hygiene (Table 3-7 , and Table 9). The contaminated 

• 
\ 
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food frequently is either not refrigerated or inadequately 
refrigerated . Occasionally the practice of obtaining foods 
from unsafe sources (e.g., shellfish from contaminated 
bays) has led to outbreaks of typhoid fever (3) . Foodborne 
hepatitis A occurs either after sewage contaminates 
waters from which oysters or clams (which are eaten raw) 
are harvested or after infected persons touch foods which 
are not subsequently heat-processed. Factors that 
contribute to outbreaks of trichinosis are either 
inadequate time or temperature or both during cooking 
or ingestion of raw pork (and sometimes other meat such 
as bear meat and rarely beef or mutton if cross
contamination from infested pork occurred in grinding 
machines). 

CONCLUSIONS 

Factors that contribute to the occurrence of food borne 
disease which are derived from epidemiologic data are 
compatible with information that is derived from the 
study of the ecology, biology, and toxicology of etiologic 
agents of food borne disease. This information should be 
used to plan and direct food protection programs and to 
set priorities based on prevention of contemporary 
disease problems. 
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CONTRIBUTED PAPERS 

The Environmental Health Professional - Can He Communi

cate and Motivate? C. Dee Clingman, National Institute for 

the Foodservice Industry, 120 S . Riverside Plaza, Chicago, 
IUinois 60606. 

The environmental health professional is a public personality. He or 

she must be well trained, educationally competent and possess a sound 

"sense" of effective public relations . Communicating successfully 

among and between fellow professionals , industry and the public is a 

must. Similarly, motivating staff workers , industry and especially 

oneself is an essential key in becoming a respected environmental 

health professional. These necessary capabilities are not inherent, but 

are learned and refined through review and practice. Their mastery is 

the culmination of professional dedication . 

Development of a Reciprocity System for Foodservice 

Management Training and Certification Programs. Patricia 

Franks, National Institute for the Foodservice Industry, 120 

S. Riverside Plaza, Chicago, IUinois 60606. 

The National Institute for the Food service Industry, under a contract 

with the U.S . Food and Drug Administration , is developing a 

reciprocity system for foodservice manager certification programs, in 

cooperation with several participating states. This project will establish 

minimum levels of course content and program administration among 

and between the participating states . Such uniformity will result in 

similar and equivalent programs and will lead to the establishment of a 

national reciprocity mechanism. 

Cost of Quality in a Food Plant. C. S. Gelda, The Borden 

Company, Limited, Technical Center, P. 0. Box 7, 95 

Townline Road, Tillsonburg, Ontario, Canada N4G 4H9. 

The paper deals with identification and control of factors such as 

waste. use of substandard products , warranty services , and inspection 

and laboratory costs in food operations . It provides a guideline to 

monitor such costs and relate them to production efficiency. 

Toxicity of Chlorinated Compounds Found in Drinking 

Water Assessed by a Fertile Egg Injection Technique. M. 

Hekmati, R. L. Bradley, Jr. and M. L. Sunde, Departments 

of Food Science and Poultry Science, University of 

Wisconsin, Madison, Wisconsin 59706. 

Organohalides occur in some drinking waters after chlorination 

because of the haloforrn reaction . Public concern has been focused on 

the presence of these organohalides because some are suspected I 
carcinogens . Apparently contamination with these chemicals can occur 

at the time of chlorination when water from highly polluted sources is 

used. Some research evidence shows as many as 46 chlorine-containing 

compounds in the primary stage of sewage treatment where 

chlorination is practiced. Chlorinated and/ or brominated methane, 

ethane, and benzene and methyl iodide were used in this study. 

Dilutions were made using 1:1 (v/ v) propylene glycol and ethanol. 

Injections were made into fertile chicken eggs using the method of 

Duthachie and Fletcher. Mortality assessed each week during 

incubation and hatchability were used as indices of toxicity. Toxicity 

was calculated on the basis of LD 50 using a designation of extremely 

toxic when the amount to cause LD50 was <1 mg/ kg of body weight to 

practically nontoxic when LD 50 was >5 g/ kg. Results showed that 

1 ,3,5-trichlorobenzene and chloroform were extremely toxic , while the 

remaining chemicals were rated highly toxic; 1 ,2-dichloroethane, o 

and p-dichlorobenzene, dichlorobromomethane and methyl iodide. 

The results of this screening test indicate the need for further study 

with other animal species . 

Extract-Release Volume Method as a Test of Microbial 

Quality of Chicken. Y-W Huang, and J. C. Ayres, 

Department of Food Science, University of Georgia, 
Athens, Georgia 90602. 

The extract-release volume (ERV) of ground lean chicken meat 

decreases directly as the meat undergoes spoilage. Decreases in ERV of 

chicken meat were shown to be accompanied by an increase in bacterial 

numbers and in pH values . Distilled water or .5% peptone solution at 

pH 5.8 are suggested as the extractives of choice and 37 C as the 

temperature to be employed . Since the ERV of chicken meat was less 

than that of other kinds of meat such as pork , fish , shellfish or beef, it is 

suggested that ERV's be collected for 30 min rather than 15. Under 

these conditions , chicken meat that produces ERV values less than 20 

ml can be considered spoiled . ERV responds to pH changes and , 

regardless of the microbial quality of the meat , maximum ERV values 

occur at pH 5.4 . 

Stability of Polyvinylchloride Tubing in Dairy Processing 

Operations. Jane S. Mueller and R. L. Bradley, Jr., 

Department of Food Science, University of Wisconsin, 
Madison, Wisconsin 59706. 
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The dairy industry uses long lengths of polyvinylchloride (PVC) 
tubing to convey products otherwise sent through a maze of stainless 
steel fittings and pipes . PVC tubing is flexible because of external 
plasticizers used in its manufacture. Since these plasticizers, esters of 
phthalic acid (PAE), are not bound chemically in the physical matrix of 
PVC, removal is facilitated with a resulting loss in tubing flexibility . 
Microbial invasion can occur when the surface becomes brittle 
enough to check and crack. Tygon tubing , formulation B-44-4x 

approved for processed milk and milk products , cut in 10-cm squares 
was soaked in water at 16, 44, and 71 C; milk at 38 C; chlorinated 
alkaline cleaners at 62 C; sodium hypochlorite at 24 C; iodophor at 24 
C; and " tamed" chlorine at 24 C. Timed intervals of immersion in the 
laboratory were calculated to be equivalent to an exposure of 1 day 
under average plant use conditions. Solutions used for soaking were 
extracted using the method for organochlorine chemicals in industrial 
effluents and assayed by gas-liquid chromatography with an electron 
capture detector. Calcu lations were made from standard curves of three 
PAEs, dibutylphthalate , diethylhexylphthalate, and diethylhexyliso
phthalate. Results showed leaching of PAEs by all solutions used . 
Curves showing amounts of PAE extracted were approximately similar 
in shape but differed markedly in the magnitude of extractant showing 
an initial large amount of extractant followed by a slope asymptotic 
with time. Milk leached the least . 

Ochratoxin Production by a Penicillium Species Isolated 
from Cheese. Mary M. Pohlmeier* and L. B. Bullerman, 
Department of Food Science and Technology, University of 
Nebraska, Lincoln, NE 68489. 

A Penicillium sp ., isolated from Cheddar cheese and identified as 
Penicillium commune, was found to be a strong ochratoxin producing 
organism. Toxin production was verified using thin layer chromato
graphy, ultraviolet and infrared absorption , and mass spectrophoto
metry. Biological activity and toxicity were verified using chicken 

·•embryos and 1-day old white Leghorn cockerels. The LD
50 

to chick 
embryos was found to be 10-20 )lg/egg. Ochratoxin production was 
studied using a basal salts broth , yeast-extract sucrose broth and 
several foods. The mold grew well over a range of temperatures , but 
ochratoxin production was best at 25°C on YES broth, and did not 
occur at 5°C in any of the broth substrates. Toxin production at l2°C 
was greatly reduced in amounts when compared with toxin production 

at 25° C, indicating temperature to be an important variable to toxin 
production by the mold . The mold grew extremely well on substrates 
containing lactate and a cheese extract but produced little or no 
ochratoxin. This indicates that conditions which favor heavy growth do 
not necessarily also favor ochratoxin production. Although the mold 
grew extensively and had heavy sporulation on the foods at all 
temperatures studied, it produced varying amounts of ochratoxin. 

Inhibition of Vibrio parahaemolyticus by Sorbic Acid in Crab 
Meat and Flounder Homogenates. M. C. Robach and C. S. 
Hickey, Monsanto Company, 800 N. Lindbergh Blvd. Saint 
Louis, Missouri 69166. 

The effect of sorbic acid on growth of three strains of Vibrio 
parahaemolyticus was studied using both a crab meat and flounder 
homogenate (pH 6.2) incubated at 35 C. Addition of O.OS o/o sorbic acid 
resu lted in delayed growth of all three strains of V. parahaemolyticus in 
both crab meat and flounder homogen ates. When 0.1 % sorbic acid was 
incorporated into the homogenates, no increase in numbers of the three 
stra ins was observed in the crab meat homogenate , and only slight 
increases in cell numbers were noted in the flounder homogenate. 
Results of this study indicate that sorbic acid is an effective growth 
inhibitor of V parahaemoly ticus in a model seafood system under 
conditions favorab le for rapid growth of the organism. 

Inhibition of Clostridium botulinum Type A and B Spores by 
Phenolic antioxidants. M. C. Robach and M. D. Pierson, 
Monsanto Company, 800 N. Lindbergh Blvd., St. Louis, 
Missouri 69166, and Dept. of Food Science and Technology, 
Virginia Polytechnic Institute and State Univ., Blacksburg, 
Virginia 24061. 

Butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT) 
and propyl gallate (PG) were tested against three strains of Clostridium 
botulinum spores in prereduced thiotone yeast-extract glucose medium 
(TYG; pH 7.0) at 37 C. T here was outgrowth and toxin production from 
strain 10755A spores when 25 ppm of BHA were present in the 
medium, while growth was inhibited by 50 ppm of BHA . Strains 62A 
and 213B were inhibited by 25 ppm of BHA throughout an incubation 
period of 7 days. Spore outgrowth and toxin production for all the 
strains were inhibited in the presence of 200 ppm of BHT in the TYG. 
None of the levels of PG tested delayed outgrowth or toxin formation of 
the test spores for more than 24 h. 

Effects of Foam-Reducing Methods on Recovery of Indicator 
Organisms from Foods. A . K. Stersky and C. Thacker, Food 
Directorate, Health Protection Branch, Department of I 
National Health and Welfare, Canada, Tunney's Pasture, 
Ottawa, Ontario, K1A OL2, Canada. 

Two antifoam agents (Dow Corning Antifoam AF and C), vacuum 
(23 inches of mercury) and the Stomacher 400 were used to reduce foam 
during processing of pudding (P) , skim milk powder (SMP), and whole 
egg powder (WEP) for determination of bacterial counts . One minute 
blending of 99 ml 0.1 % peptone plus 11 g of P, WEP, SMP in 
commercial blenders at liquefying velocity , resulted in up to 100, 60 
and 50 ml of foam , over the food homogenates , respectively; these 
values were reduced to 4, 20 and 10 ml when Antifoam AF was used at 
200, 500 and 1000 ppm (Antifoam C was less effective). Twenty-three 
inches of mercury of vacuum during blending resulted in 13 , 10 and 
6 ml of foam , and use of the Stomacher produced 4, 8 and 8 ml of foam 
with P , WEP, and SMP, respectively. For foam-reduction , the 
Stomacher is the method of choice. However, no detrimental effects 
were observed in recovery of Staphylococcus au reus , Escherichia coli 
and Streptococcusfaecalis when Antifoam AF at 200 ppm , vacuum (23 
inches of mercury), or the Stomacher were used to suppress foaming of 
the three foods. 

Foodborne Disease - Data From Six Countries. E. Todd, 
Food-borne Diseases Reporting Centre, Food Directorate, 
Health Protection Branch, Health and Welfare Canada, 
Ottawa, Ontario. 

Data on foodborne disease outbreaks from Canada, the United 
States, Japan, Australia , England and Wales are compared. Japan had 
the greatest number of outbreaks reported (6109) and Australia the 
least (48) , both over 5-year periods . Canada recorded the most 
outbreaks per 100,000 population (2.18) , Austra lia the least (0 .07). The 
percentage of outbreaks of unknown etiology varied from 0.6% for 
England and Wales to 61.7% for the United States and 84% for 
Canada. For all countries , however, where etiology was known, 
microbiological agents were the most important, particularly 
Staphylococcus aureus, Salmonella sp. and Clostridium perfringens. 
Vibrio parahaemolyticus was responsible for most illnesses in Japan. 
Meat and poultry were the main foods involved , with fish also being 
important in Japan and the United States. Mishandling that led to 
illness took place main ly in foodservice establishments. To permit a 
more complete comparison in the future, surveillance systems of 
different countries need to be developed on common criteria. 

• • 
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Inhibition of Salmonella typhimurium and Staphylococcus 
aureus by Butylated Hydroxyanisole and the Propyl Ester of 
p-Hydroxybenzoic Acid. K. R. Vantassell, L. A. Smoot and 
M. D. Pierson, Virginia Polytechnic Institute and State 
University, Dept. of Food Science and Technology, 
Blacksburg, Virginia 24061. 

Inhibition of Salmonella typlzimurium and Staphylococcus au reus in 
Trypticase Soy Broth by the propyl ester of p-hydroxybenzoic acid 
(propylparaben; 0 to 500 ppm) and butylated hydroxyanisole (BHA ; 0 
to 400 ppm) alone and in combination was studied. A concentration of 
250 ppm of propyl para ben delayed growth of S. au reus for 36 h. There 
was a decrease in cell numbers over 48 h of incubation in the presence 
of 500 ppm of propyl paraben. BHA at 100 ppm delayed growth of S. 
aureus for 36 h while viable cell numbers decreased to less than 1 per 
ml within 3 h in the presence of200 ppm of BHA. A 100 ppm BHA-100 
ppm propyl paraben combination was bacteriostatic and 150 ppm 
BHA-150 ppm propyl paraben combination was bactericidal. Growth 
of S. typlzimurium was progressively restricted as the concentration of 
propyl paraben was increased to 250 ppm, BHA to 200 ppm or the 
BRA-propylparaben combination to 75 ppm- 75 ppm. In the presence 
of either 300 ppm of propyl para ben, 400 ppm of BHA or a combination 
of ioo ppm BHA-100 ppm propyl para ben, a chemical injury recovery 
phenomenon was observed. 

INVITED PAPERS 

Ultrafiltration and Reverse Osmosis. Neil C. Beaton, 
Dorr-Oliver Inc., 77 Havemeyer La., Stamford, Connecticut 
06905. 

The general applicability of ultrafiltration and reverse osmosis in the 
dairy indus try is reviewed . Consideration is given to the problems of 
hygienic design and operation of membrane systems, particularly from 
the point of view of cleanability and sanitation. Recent technological 
advances which may accelerate the acceptance of ultrafiltration and 
reverse osmosis as unit operations in the dairy industry are also 
discussed. 

Sanitary Processing of Egg Products. Dwight H. Bergquist, 
Henningsen Foods, Inc., 14994 Industrial Road, Omaha, 
Nebraska 68144. 

The egg products industry has gone through dramatic changes in 
recent years as influenced by regulations requiring pasteurization of 
egg products, mandatory USDA inspection, establishment of E-3-A 
Standards for equipment, and tight customer specifications . Quality 
control for egg products include: (a) procurement of good raw 
materials; (b) use of adequate pasteurization, processing, and sanitary 
procedures; (c) microbiological testing, including salmonella; (d) 
safeguards against recontamination. Pasteurization methods have been 
developed which substantially reduce the hazard of potential pathogens 
and still retain the heat-sensitive properties of the raw egg. Present egg 
products have very good functional and microbiological quality. 

Food Protection for the 80's. F . F. Busta, Department of 
Food Science and Nutrition, University of Minnesota, 225 
Food Science & Nutrition Bldg, 1994 Eckles Avenue, St. 
Paul, Minnesota 55108. 

New social, economic, and political demands for conservation of 
energy, water , and consumable products coupled with changes in 
lifestyle including increased meals away from home will require new 
approaches to food handling. These modifications may increase or 
uncover new hazards and potential opportunities for foodborne illness. 
Microbial hazards wi ll remain a major problem but will be only one of 
the many concerns of the consumer about food . Increase in awareness 

of newly identified pathogens, carcinogens , mutagens, and the like will 
demand greater efforts but will also increase costs. Acute sensitivity to 
escalating costs will, in turn, bring about more objective evaluations of 
benefit/risk ratios on all programs . Education of producers, handlers , 
processors, and consumers will be required so that they may monitor 
and serve as protectors of the food system minimizing regulatory costs 
and placing responsibility at the point of action. This process will be 
successful only with the appropriate educational and research support 
to evaluate and implement modified programs . 

Psychrotrophs in Relation to Keeping Quality of Milk 
Products. Maribeth A. Cousin, Department of Animal 
Sciences, Smith HaU, Purdue University, West Lafayette, 
Indiana 4 7907. 

The introduction and use of alternate-day collection of refrigerated 
bulk milk, five-day-per-week plant operations, shipping of milk long 
distances, and sale of packaged milk have resulted in increased age of 
milk and dairy products on consumption . Consequently, the most 
important aspect affecting quality of milk and dairy products is growth 
of psychrotrophic microorganisms . Much attention has focused on 
methods to enumerate and identify the psychrotrophic bacteria; 
correlation of the presence of these bacteria in milk with sanitation o~ 
the farm, in transport , and at the dairy plant ; and sources of 
contamination by these bacteria. These microorganisms can cause 
physical , chemical , and organoleptic changes in milk and dairy 
products. The major changes include lipolysis, proteolysis , and over-all 
product spoilage. In recent years research on psychrotrophs has 
centered around their effect on starter cultures, cultured product 
manufacture, heat stability of the enzymes produced by these 
microorganisms, consumer acceptance of products made from milk 
that had previous psychrotrophic growth , and more rapid methods to 
detect growth of these organisms in milk. This research has indicated 
that the dairy industry must reevaluate the practice of extended holding 
of milk before processing. 

Current Concepts in Brucellosis. Francis J . Drazek, 
Diagnostic Laboratory, New York State CoUege of 
Veterinary Medicine, CorneU Unive'rsity, Ithaca, New York 
14859. 

Brucellosis continues to be a very devastating disease in the United 
States and throughout the world . In dairy herds, spread of the disease 
often results in severe milk losses due to the necessary slaughter of 
infected animals. Many herds have been depopulated because herd 
owners have not followed our management recommendations to control 
the spread of infection. Undulant fever is a frequent occurrence in farm 
families where herds are infected . Increased movement of cattle, 
including importation of animals, has contributed to its spread. 
Prevention, control and eradication have been impeded by present 
housing and management practices. The general apathy on the part of 
the owner by not having herd additions blood-tested for brucellosis 
before entry into the herd is also an important contributing factor . 

Designing Tomorrow's Foods. J . E. Edmondson, Depart
ment of Food Science and Nutrition, University of 
Missouri-Columbia, Columbia, Missouri 65211. 

Most individuals consume new food products without concern 
for composition, nutrition , processing, packaging and /or safety. In 
recent months , there has been a developing awareness of new food 
products. Such awareness has been exhibited by both the consumer and 
the food industry. One of the areas of greatest interest is development 
of new food sources, many utilizing waste. Changes in packaging 
materials , increased shelf life and nutritional composition by the food 

• • 
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industry become alarming factors to many consumer groups. These and 
other future topics will be discussed which will govern what we will be 
eating tomorrow. 

Energy Converters. Darl L . Evans, Babson Bros. Co., 2100 
South York Road, Oak Brook, IUinois 60521. 

The energy shortage is real! Public awareness started with the Arab 
oil embargo and the resulting gasoline shortage. Temporary? Political ? 
Imaginary? Perhaps, but the fact remains - our supply of fossil fuels is 
diminishing and the day is coming, in the forseeable future, when the 
world supply is exhausted. The United States now consumes 35% of the 
world's total energy, and although dairying uses only 2 to 4% of the 
nation's supply, dairymen will be victimized by spiralling energy costs; 
as much as 15% a year or double in the next 5 years , according to one 
estimate. The cost of operating tractors and field equipment is beyond 
our control, but we can do something about the cost of cooling milk . 
New milk cooling equipment available today is designed to offset the 
increased cost through improved energy efficiency ratio and energy 
conservation . Thirty million BTUs of heat are removed annually 
cooling the milk from a SO-cow herd with a 12,000-lb. average. 
Improved condensing units producing 10 BTUs per watt can recover 
this heat and convert it to usable energy in the form of hot water. Solar 
collectors can provide adequate space heating for milking centers with 
condensing units furnishing the back-up system. Cooling systems that 
are energy-efficient will provide adequate cooling and preserve the 
natural quality of milk. 

Sanitation Problem of Soft Drink Mixing Machines. George 
R. Gregory, Springfield-Greene County Public Health 
Center, Springfield, Missouri. 

Samples of rootbeer , which is manufactured in each store, were 
checked for coliform, standard plate count, and yeast and mold. 
Results have shown that it is difficult for rootbeer to meet the standards 
for bottled beverages. By education of store personnel , high quality 
rootbeer can be achieved. Laboratory results have been the best means 
to show the operator that aseptic techniques are necessary for 
production of a quality product. 

Quality Standards for Retail Meats. Gail C. Holland, Meat 
Packers Council of Canada, 5233 Dundas St. W., Islington, 
Ontario, CanadaM9B 1A6. 

To be of public benefit a quality standard for meat at retail must 
do as it purports to do--i.e. to reduce the public health hazard or prevent 
consumer deception. Among other factors, it also must be technically 
workable for both the industry and the administrative branches of a 
regulatory agency. With processed meats and ground beef at retail it 
has not been demonstrated that these foods present a potential health 
hazard. In addition , if a health hazard were demonstrated, it would not 
be reduced by use of microbiological quality standards such as APC 
and Escherichia coli. Use of the bacterial criterion, APC of 107 / g, in 
place of organoleptic stand ards could reduce processed meats' retail 
shelf-life by 20-66%. An APC of 107 /g could remove in excess of 33% of 
the ground beef sold at retail level. In both instances a substantial 
quantity of wholesome meat would be prematurely removed from the 
retail market. Chemical standards such as protein , fat, moisture , cereal 
are relatively static and do not substantially change over the retail 
shelf-life of meat. However the bacterial populations in meats 
demonstrate a dynamic growth pattern for APC. Hence, APC may 
indicate product age. However, it does not reflect product deterioration 
as determined by microbiological quality. E. coli, although an intestinal 

bacterium, is capable of growing outside the host intestine; thrives on a 
variety of substrates; and thrives for long periods. Thus presence of E. 
coli cannot be correlated with the extent of initial fecal contamination, 
nor with presence of pathogens . A program of increased awareness of 
personal hygiene, temperature control , stock rotation, elimination •of 
areas for potential cross-contamination and a regular sanitation 
program throughout the meat cycle, will guarantee the microbiological 
quality of meats at retail. 

Functions of Cleaners. James J. J ezeski, H. B. FuUer 
Company, Monarch Chemicals Division, Minneapolis, Min
nesota. 

A basic discussion of the specific activities of various base materials in 
cleaning agents whether they are blended together in a proprietary 
formulation or used separately as bulk chemicals. The operational or 
use factors relating to each function and/ or class of chemical will also 
be covered as will the coordination and scheduling of certain classes of 
chemicals in the overall cleaning process . Various individual functions 
include water treatment-softening, emulsification - suspension, 
saponification - peptizing, prevention of redeposition, and demineral
ization. Various operational activities cover prerinsing, the several 
means of application of cleaning solutions , disposal of used solution, 
and final rinse. Interactions between various functions , operations , and 
individual chemicals will be evaluated with emphasis on practical 
operational considerations. Some regulatory aspects and energy 
conservation opportunities will be discussed. 

Goat Milk Production and Problems. Judy Kapture, 
Countryside Publications, Hwy. 19 East, Waterloo, Wis
consin 53594. 

There are 30 goat dairies which distribute fluid milk in 21 states. 
Three are large, they supply the Los Angeles, Chicago and New York 
areas with up to 1,000 gallons of milk weekly. The others are 
producer/distributors which sell from 30 to 250 gallons weekly. Most 
distribute raw milk. Potential market is about one quart per I ,000 
population weekly. Necessary dairy building and equipment to market 
milk may cost $5,000 to $15,000, pasteurization may add $3,000 to cost. 
High leucocyte counts in fall and low summer milkfat tests are 
common . Goat milk is a valuable food, but fluid goat milk is not 
available to perhaps 80% of the urban population. Limited market 
and high costs discourage production. Inexpensive equipment to 
process small volumes is needed . Evaporated and powdered goat milk, 
produced in California and Arkansas, are widely distributed. 

Innovative Water Saving Techniques in Canneries. Allen M. 
Katsuyama, National Food Processors Association, 1950 
Sixth Street, Berkeley, Californw 94 710. 

The food processing industry annually uses 130 billion gallons of 
water to prepare and preserve canned, cured , and frozen foods and 
discharges about 120 billion gallons of wastewater. Research designed 
to minimize fresh water requirements while protecting the safety of 
prepared foods has been conducted over several decades. However, the 
relative widespread availabi lity of fresh water and the relative low costs 
for wastewater disposal did not provide sufficient incentive for general 
industrial adoption of newly-devised water saving techniques. The 
drought experienced in several areas of the country during 1976-1977, 
coupled with sky- rocketing costs for wastewater treatment and 
disposal, provided the impetus required for the food industry to begin 
serious implementation of water conservation programs. By avoiding 
wasteful practices , by reusing water in a manner demonstrated to 
protect product integrity, through process alterations , and with process 

' 
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modifications and new operational techniques, food processors have 
achieved substantial reductions in water consumption. These measures 

will contribute significantly to the conservation of one of our precious 
resources, water. 

Opportunities to Improve Milk Quality. W. 8. LaGrange, 
Department of Food Technology, Iowa State University, 
Ames, Iowa 50011. 

Opportunities to improve the bacterial quality of manufacturing
grade milk both on the farm and in the processing plant still exist. Data 
gathered from dairy laboratories in Iowa indicate a gradual increase in 

the percent (70-80o/o) of farm milk samples that qualifY for Class I 
(<500,000 bacteria/ ml) in recent years. Contrast this improvement with 
the lack of improvement, according to the USDA data , of processing 
plant's commingled milk. Recent results from Iowa plants classifY only 
5.8 to 13.3"7o of the samples in Class I. Flavor evaluation of American 

cheese and butter samples entered in Iowa exhibits reveal a significant 
number of these samples have flavor defects associated with poor 
quality raw milk. Milk quality problems involve bacterial contam

ination of milk during milking and storage, too much time between 

milking and processing, storage temperatures exceeding 40 F and 

large-volume inflexible milk storage facilities in processing plants. 

Kids, Cartons, and Quality. C. Bronson Lane, Dairy and 
Food Nutrition Council of Florida, P. 0. Box 7813, Orlando, 
Florida 32854. 

Two years ago, Dairy Farmers, Inc. with cooperation from the 
Florida Department of Health, Department of Education, Department 
of Agriculture and Consumer Services, University of Florida Dairy 

Science Department, and Florida Dairy Products Association, 
conducted a statewide school milk survey. Purpose of the study - done 
in four phases - was to organoleptically evaluate taste and flavors 
of milks from half the state's schools, determine product shelf-life, 
analyze storage and serving temperatures , and gather information on 

frequency of study complaints about milks offered in the school feed
ing programs . Of the 877 milk samples evaluated for flavor , 80o/o scored 
good or excellent, 11 "lo obtained a fair rating, and 9"1o were classified as 

poor. Serving temperature data were mildly surprising - and indicated 
that for the most part- school foodservice personnel were dispensing the 
product at appropriate temperatures. Data obtained from approxi

mately 1000 school foodservice managers, however , showed that 71.4o/o 
of these individuals received five gripes or less per month, 13.4o/o got 

6-10 complaints per month, and 1So/o received more than 10 
"bad-mouthings" per month about milk quality from cafeteria 

patrons . " Bad taste" and "too warm" were culprits in 27o/o of the 

complaint cases. However, dirty cartons , hard to open packages, and 
empty or partially filled containers got blamed for 73"1o of the 

criticisms. The dairy industry can't afford to subject its school patrons 
to a quality and container gamble. The stakes are too high. Basic eating 

patterns are established during the school years. Kids who are " turned
off' by inferior quality and poorly packaged milks in the school 
cafeterias may opt to boycott our products during adu lthood . 

Bacterial Numbers in Milk: What Do They Tell Us? R. T. 
Marshall and B. L. O'Brien, Department of Food Science and 
Nutrition, University of Missouri, Columbia, Missouri 
65211. 

Because bacteria vary widely in their rates of growth and in 
metabolic activ ities and because sources of contamination of milk 
differ in importance, high total aerobic bacterial counts cannot be 

interpreted to indicate specific causative factors or remedies . Data 
gathered by in-depth studies of the microflora of milk of a large fluid 

milk plant and in evaluation of the automated pyruvate test with grade 
A pasteurized milk were used to illustrate problems of quality 
evaluation in the fluid milk industry. Usually bacterial growth was 

logarithmic when counts reached 103 / mi. Lag times varied from < 1 to 7 
days. Generation times of dominant bacteria ranged from 3.2 to 
15.1 h . Rates of pyruvate production generally paralleled growth of 
psychrotrophs for 7 days at 7 C. Neither psychrotrophic plate count 
nor pyruvate produced in 24 h at 20 C were good predictors of the day 

a sensory panel of 10 by triangle test differentiated milk stored at 7 C 
from the same milk stored at 1 C. Variations inherent in 
microbiological tests and sensory analyses, and differences in abilities 

of microorganisms to spoil milk make prediction of keeping quality 
extremely difficult . 

Communications the Key to Public Relations. Arthur W. 
Nesbitt, Nasco International, Inc., Fort Atkinson, Wisconsin 
53538. 

Communication is to share. Public relations is the degree of 
understanding and good will achieved. Feeding the increased world 

population has brought new demands on all sanitarians yet the 
consumer has little appreciation for the day-to-day protection which is 
provided to us all by this dedicated group of people. In the conduct of 
their normal duties how can sanitarians, the "Quiet Professionals," I 
share with the public the services they render routinely to provide us 
with safe products and the world's best standard of living? 

The International Dairy Federation. Kenneth G. Savage, 
International Dairy Federation, 6661 Tamany Drive, 
Victoria, B. C., Canada. 

The International Dairy Federation (I.D.F.), a non-governmental , 
non-political international organization was established in 1903. The 
I.D.F . derives its finances from the annual membership fee (current 

membership , 28 countries). Membership is accorded to countries 

through their National Committees representing the country's various 
dairy interests. These Committees are the link between l.D .F . and the 

member country. The I.D .F. Executive Committee deals with policy 

matters delegated by the supreme body of I.D.F., the General 
Assembly, and develops proposals for General Assembly consideration. 
A permanent secretariat under the direction of Mr. P . Staal , 
Secretary-General, coordinates I.D .F . activities and carries out the 
current business at the l.D.F. House , Brussels, Belgium. The technical 

and sc ientific work of l.D .F. , under guidance of the Commission of 
Studies , is carried out in six special Commissions whose subject matter 
covers all aspects of interest to the dairy industry. The objective of 
I.D.F. , which is to promote, through international cooperation, the 

solution of scientific, technical and economic problems in the 
international dairy field , is ach ieved through the voluntary work of 
hundreds of the world's dairy industry leaders. This work is done by 

Groups of Experts or at Annual Sessions, I.D.F .-sponsored Seminars or 
Symposia or at Congresses. 

Retortable Food Pouches for Military Rations. G. L. Schulz, 
and H. A. Hollender, U.S. Army Natick Research and 
Development Command, Natick, Massachusetts 01760. 

This paper will summarize the retort pouch work done at the US 

Army Natick Research and Development Command (USA NARAD
COM) and will focus on testing conducted to assure sufficient durability 
and reliability to withstand military transportation , handling, and 

storage requirements. Recognizing the potential advantages of 

retortable pouches for operational rations, USA NARADCOM began 
work in this area over IS years ago. Working closely with industry, we 

have conducted extensive testing to assure that this new package would 
meet the requirements for military use. Although some requirements 
are peculiar to the military , most of the advantages which make the 
retort pouch attractive to the military also apply to commercial markets. 
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Lightweight, energy efficiency, and the potential for improved quality 
of processed foods are major factors which created and maintained 
interest in the retort pouch by the food industry. Utilizing the 
advantages of the retort pouch as well as other advances in food and 
packaging technology, USA NARADCOM has developed a new 
operational ration, the Meal , Ready-to-Eat, Individual. Procurement of 
24 million of the new combat meals in currently under way. 

A Justifiable Food-Energy-Legislative Triangle? Nan Unk
lesbay, Department of Food Science and Nutrition, 
College of Agriculture, University of Missouri-Columbia, 
Columbia, Missouri 65211. 

Recent regulations to protect the consumer and assure public health 
and safety have impacted upon energy usage throughout the food 
industry. Thus, effects of the food-energy-legislative triangle are 
pervasive. Triangles have always been included in folklore; the 
Bermuda Triangle is one of today's most perplexing phenomena. This 
presentation includes an analogy between issues surrounding the 
Bermuda and food-energy-legislative triangles. Although different in 
scope, both triangles are increasing public awareness that something is 
wrong. Human resources are being lost in the former; legislation in the 
latter ensures food safety for humans but depletes energy resources. 
Reasons for bizarre disappearances have been partially explained 
scientifically. However, completely reliable methods to identify all 
cost/benefit factors and risks to inflation, energy, competition , 
productivity, and other forces, associated with legislation , do not exist. 
Unraveling dimensions of both triangles is hampered by limited 
scientific time and resources to comprehend complex issues. Thus, 
cataclysmic forces are used to explain the Bermuda Triangle and 
food / energy regulations are based upon philosophies and biases of 
estimators. Can either triangle be solved? 

PBB-The Michigan Program. Kenneth M. Van Patten, 
P.B.B. Project Unit, Michigan Department of Agriculture, 
Lewis Cass Building, Box 30017, Lansing, Michigan 48909. 

The PBB Law in Michigan requires testing of a composite sample of 
milk from each dairy farm once a year and testing of each adult dairy 
cow that is culled for slaughter. Milk found to contain more than 5 
parts per billion of PBB , on a sample basis , is excluded from the 
market. Any cow found to contain more than 20 parts per billion of 
PBB on a fat basis in a tissue sample is quarantined, branded by the 
Michigan Dept. of Agriculture and disposed of in disposal facilities 
selected by the Dept. of Natural Resources . The owner of each dairy 
cow tested is paid $30.00 for the holding and maintenance of that dairy 
cow during the testing period. The owner of each violative cow is 
indemnified the fair market value (meat price) oft he animal on the date 
of appraisal plus a payment of $2.50 per day for each day the cow is 
held on the farm before pickup for disposal. Tissue samples are taken 
by contract veterinarians , which number more than 350. All sample 
analysis work is done in one main contract laboratory with another 
contract laboratory doing limited analytical work. The program is 
designed for fast processing of samples after they are taken. The entire 
record system has been computerized. Turn around time from 
sampling to reporting to the farmer is 10 to 12 days. Emergency 
slaughter samples have a 3 to 4-day turn around time. The legislature 
may exempt a category of dairy cattle from the law by concurrent 
resolution when 0.5%or less of a category of dairy cattle are found to be 
nonviolative. 

Beyond the One Shot Clean-Up. Charles F. Vogt, City of 
Kansas City, Missouri, 414 E. 12th St., Kansas City, 
Missouri 64106. 

Most people think of spring and summer as clean-up , fix-up and 
beautification times. Whether it be public or private property, 'no 
results of a clean up on a vacant lot or street remain very long. Debris 
and litter clutter the environment as before. The Clean City 
Commission of Kansas City, Missouri, in conjunction with Keep 
America Beautiful, Inc., New York, has devised a four-front app roach 
to sustaining litter reduction through changing behaviors and attitudes 
that fail to properly contain litter and trash. These measures consist of 
devising ordinances that assign responsibilities for pick-up and 
containment of trash; introducing new technology and waste handling 
methods to improve solid waste clean-up and disposal ; increasing 
educational awareness of the environment and teaching persons new 
habits which can be learned and sustained; and finally, providing a 
fail-safe measure by which proper enforcement of litter ordinances can 
be maintained. To do this , the Commission is getting the facts about 
littering, involving the people, focusing in on results of successful 
ant i-litter projects , planning systematically through goals and 
objectives , and providing positive reinforcement (recognition) for jobs 
well done. 

3A Sanitation Criteria and their Development. D. H. 
Williams, Dairy and Food Industries Supply Association, 
5530 WisconsinAvenue, Washington, D.C. 20015. 

3-A sanitation criteria provide for cleanability and product 
protection in dairy processing equipment. The elements of construction 
that assure these criteria are the critical selection of safe materials for 
product contact surfaces and their ultimate surface finish , and the 
arrangement into a configuration that will permit cleaning and 
sanitizing so that all surfaces are restored to their original character for 
repeated use. A means for evaluating safety of materials is considered , 
and a bench mark for surface finish is described. All 3A Standards are 
organized into four basic sections dealing respectively with Scope, 
Definition, Materials, and Fabrication. Appendices are frequently 
provided to amplify understanding of the basic criteria as well as to 
provide appropriate collateral information on the equipment. 3A 
Standards do not deal with criteria for performance, with minor 
exceptions for insulation , agitation, and the cooling capability for farm 
tanks. Otherwise, the efficiency for equipment is not within the purview 
of 3A Standards. 3A Standards are limited to equipment having 
product contact surfaces, thus do not include such equipment as 
refrigerated cabinets, cases , etc. In addition to Standards, the 3A 
Committees also promulgate a category of document entitled, Accepted 
Practice, which is comprised of sanitary quidelines for accomplishing a 
specific function, such as production of air under pressure, installation 
of welded pipelines , production of culinary stea., ,, milKing systems 
milk drying , and the monumental Practices for HTST Pasteurization . 
The latter is a fail-safe procedure for milk pasteurization , widely 
adopted in most regulatory milk control jurisdictions . Its impact on 
fluid milk pasteurization is virtually absolute; there is no other way of 
doing it . Sanitation criteria developed in 3A Standards have been 
extended to corresponding equipment that is used in the egg products 
industry. Much of the equipment used by the dairy processing industry 
is also found in the egg products industry, which has the applicable 
criteria for handling liquid and dry eggs, including special E-3A 
Standards for egg washers and egg breakers. Regulatory sanitarians are 
urged to adopt the applicable classical criteria for cleanability and 
product protection that have been developed for dairy processing 
equipment for extension to all food processing equipment. 

' 
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Report of the Committee 
on Food Equipment Sani
tary Standards 

The IAMFES Committee on Food Equip
ment Sanitary Standards, known hereafter as 
the Committee, is charged with the responsibi 
lity of carrying out the following objectives: 

I . To cooperate with other interested 
health organizations and related indus
tries in the formulation of sanitary 
standards and educational materials for 
the fabrication, installation , and opera
tion of food equipment and food vending 
machines. 

2. To aid the food and vending industry in 
improving the design , construction and 
installation of food equipment so that it 
will lead to easy cleaning and proper 
functioning when it is placed into 
service. 

3. To cooperate with the food industry in 
the preparation of standards or guide
lines which public health agencies will 
accept , thereby securing uniformity in 
the manufacture and nation-wide ac
ceptance of such equipment. 

4. To present to the IAMFES membership 
those standards and educational mater
ials which the Committee recommends 
be endorsed by the Association. 

The following report will outline the Com
mittee's activities during the past year in 
working with two health and industry 
organizations (National Sanitation Founda
tion·'s Joint Committee on Food Equipment 
Standards and the National Automatic Mer
chandising Association's Automatic Merchan
dising Health Industry Council) and progress 
in meeting its purposes and objectives. It is 
expected these organizations will be the two 
groups that the Committe~ will work with 
during the coming year. 

NATIONAL SANITATION FOUNDATION 
(NSF) 

The Committee was represented at the 1978 
meeting of the National Sanitation Founda
tion 's Joint Committee on Food Equipment 
Standards , where action was taken on several 
proposals; and prior to the meeting, the 
Committee reviewed and submitted comments 
on each draft of these proposals. 

NSF Food Equipment Standards 1.2.12,18 

NSF has developed a "Guide to Require
ments for the Protection of Potable Ice". 
According to this Guide, no appurtenances 
are accepted in the ice bin, such as syrup lines, 
carbonators, drop-in cold plates , drain lines, 

or bottle holders. Furthermore, all typical ice 
bins are to be protected by some means so as 
to prevent water, syrup, and other materials 
from splashing, dripping or leaking into the 
bins and contaminating the ice. 

COMM ITTEE REPORT 

NSF Standards!. 18. 25 

A complaint has been raised by the Surgeon 
General of the Navy concerning the present 
construction of cup-stops and dispensing 
equipment activating mechanisms for dispen
sing beverages. According to the Complain
ant , the presently approved equipment at 
self-service locations would permit contamina
tion of the mouth contact surfaces of 
beverage containers. The Joint Committee has 
asked the Foundation to review this matter 
and / or to submit it to a Task Committee for 
Recommendations. 

NSF Standard 2 

A question has been raised as to the 
adequacy of the NSF Guidelines concerning 
the shielding of food at self-service counters 
from droplet infection and mishand ling by the 
customer. The present Guidelines are based 
on the customers average mouth height of 4ft. 
6 in. to 5 ft. with a tray rail between the 
customer and the food . It was decided that the 
food guards should be designed to provide the 
same degree of protection with or without a 
tray rail. 

Furthermore, the Joint Committee felt that 
these Guidelines would be acceptable against 
droplet infection but had some serious 
reservations as to the ability of such guards to 
protect the food on display from contamina
tion due to mishandling by the customer. 
Consequently the Committee recommended 
that the Foundation appoint a committee to 
study the need for developing additional 
requirements to protect food on display from 
contamination due to mishandling by the 
customers. 

NSF Standards 3. 29 

The proposed revision of Standard 29 
concerning chemical feeders would incorpor
ate chemical sanitizer feeders in this Standard 
with specific requirements therein to cover 
these new chemical feeders . It is anticipated 
by the Foundation staff that appropriate 
provisions will be incorporated in Standards 3 
and 29 designating that each dishwashing 
machine and feeder will be so labeled as to 
inform the purchaser and user of the specific 
type of feeder which is needed for a specific 
chemical sanitizing/ dishwashing machine. 
The Committee also recommended that the 
chemical feeder be attached to each dish
washing machine prior to testing machines by 
the Foundation. 

NSF Standard 3 

Standard 3 as revised in 1977 has been 
reprinted . Each new dishwashing machine 
shall be equipped with a pressure gauge, and a 
gate valve shall be installed immediately 
ahead of the pressure gauge to help minimize 
damage to the gauge due to water hammer. 
The Foundation staff sa id there was not 
enough field experience to know whether or 
not gauge failure has been alleviated by the 
gauge installation procedure in the revised 
Standard. 

NSF Standard 4 

The Foundation , as well as many regulatory 
agencies , has received requests to evaluate 
slow cookers to determine their acceptability. 
Consequently, the following points arE con
sidered by the Foundation and should be 
considered by regu latory agencies in evalu
ating slow cookers under NSF Standard 4: 
I. Most of these units exhibit a glazed pottery 

cooking well and a glass cover. Such mater
ial would not meet food zone material re
quirements as indicated in item 3.1 of 
Standard 4. 

2. The cooking well would need to be readily 
removable from the unit for cleaning, as 
generally these units are not submersible . 

3. The on-off high-low temperature switch is 
not calibrated in degrees Fahrenheit . The 
units would need to have capability of at
taining 165°F food temperature and be 
capable of maintaining a food temperature 
of 140°F or above 

4. Since most of these units are designed for 
domestic use, there will probably be 
numerous other problems revealed when I 
evaluated against Standard 4, such as 
handles that do not fit tightly, feet that are 
not closed on the bottom, seams on the side 
wall that are not closed , etc. 

NSF Standard 12 

Some regulatory agencies have requested 
the Foundation to consider requiring a tight 
closure around or on dispensing mechanisms 
of ice-maker dispensing machines so as to 
exclude insects, dust, and so forth from 
reaching the ice stored in the machine. The 
Foundation staff said there was a closure 
machanism on each machine to prevent the 
free flowing of ice. The Committee felt for the 
present this would be sufficient and more 
could be accomplished by public health and 
industry by concentrating on restaurants , 
institutions. and motel/ hotel operations to 
eliminate open ice bins , which have been 
found to be in many cases very unsanitary and 
unsatisfactory devices for producing a safe 
product, and to permit only the use of 
ice-maker dispensing machines. 

Future Proposals 

The NSF Staff reported that steps are being 
taken to combine Standards 1, 2, 4, and 7, 
similar to the combination of Standards 
related to swimming pools. This is being 
planned to avoid duplication of requirements 
and to bring related equipment under one 
stand ard. 

A question has been raised as ·to the 
problem of maintaining a uniform tempera
ture in hot and cold food holding carts and 
cabinets. Apparently, the temperature of the 
food in some of these cabinets has been found 
to vary from 165°F to 205°F depending on the 
location of the food tray and the design of the 
cabinet. In the past , the Committee has 
limited its work on Standards to the public 
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health aspects and has not included the 
quality of the food. However , it was felt by the 
Joint Committee that food must be acceptable 
to the consumer; and if it were not. it could 
create a public health problem. Therefore, it 
was recommended that a NSF task committee 
be appointed to study this matter in detail and 
to report its recommendations at the 197 9 
meeting as to the need for assuring a greater 
degree of uniformity as to temperatures in 
these cabinets and broadening the scope of the 
standards to include performance. 

Two additional Standards have been recom
mended for adoption by the Joint Committee 
during the past year "Plastic Component on 
Food Equipment" and "Proposed Standard 
on Supplemental Flooring". It is anticipated 
that these Standards will be approved by the 
Council of Public Health consultants and be 
implemented by the Foundation within the 
next year. 

Some regulatory and industry personnel 
have been concerned that the NSF Standards 
for the most part are not designed as 
performance standards. Consequently, some 
of the surfaces of food equipment have been 
found to readily corrode and deteriorate 
without effecting the more critical portions of 
equipment. Never-the less, the appearance of 
equipment has a decided effect on the opinion 
of the customer, user and regulatory people as 
to the acceptability of food service equipment. 
Consequently, the Foundation has made plans 
to conduct a seminar within the next year to 
study this matter in detail, particularly 
concerning the use of noncorrosive materials 
on splash and non-food contact surfaces, and 
to make recommendations for appropriate 
action. 

NATIONAL AUTOMATIC 
MERCHANDISING ASSOCIATION 

The National Automatic Merchandising 
Association 's Automatic Merchandising 
Health-Industry Council (AMHIC) held its 
twenty-second annual meeting during Octo
ber. 1977 . and this Association and other 
public health organizations and the affected 
industries were represented and participated 
in AMHIC's discussion. 

Evaluation Manual Revision
Water Supply Protection 

A number of proposed amendments to the 
Evaluation Manual were discussed ; and the 
following motion was approved by the 
Council: the proposed September 26, 1977 
Manual revision draft , as amended at this 
meeting. be incorporated into appropriate 
sections of the Evaluation Manual. Some of 
the substantive changes made by the Council 
at this meeting to the Manual included : (a) the 
insertion of "spring-loaded" to check valve 
references; (b) the substitution of "4 inches" 
for the · '12 inch " critical elevation of vacu urn 
breakers; (c) the substitution in sect ion 605 of 
"overflow level" for "flood level" (as applica
ble to tubing connections in waterbath 
compartments); and (d) a new definition of 
" liquid waste". 

COM MITTEE REPORT 

A copy of all of the Amendments to the 
Evaluation Manual as made by the Council at 
its 1977 meeting may be obtained from 
NAMA. 

Remanufactured Machin es 

According to an industry representative of 
the Council, steps are being taken to increase 
participation in the remanufactured machine 
program (two new applicants were received in 
1977). The Secretary pointed out NAMA's 
concern for product liability in remanufac
tured machines and the present requirements 
of the Administrative Policies governing 
supplemental nameplates. 

Food She(fL (f'e Study 

A representative of one of the NAMA 
Evaluation agencies reported highlights of the 
most recent bacteriological studies of vended 
and manually served sandwiches. Although 
his findings indicated acceptable plate counts 
during a four-day period , it was agreed that 
too many variables were present to permit 
NAMA publication of recommended shelf life 
guidelines. There was a con census that NAMA 
should survey the industry for present shelf 
life practices and prepare a generalized 
operator bulletin on "how to assure maximum 
shelf life''. 

Handicapped Access to Machines
Energy Conservation 

Reporting on NAMA activities in these two 
areas, the Secretary was asked to keep 
AMHIC informed of developments in both 
areas , particularly those relating to standards 
for machines used by the handicapped. 

Ice-maker Research 

An industry representative on the Council, 
reported progress in the development of a new 
automated system for ice-maker cleaning and 
his plan to begin tests in installations in one or 
more machine models within a few months. 
The Secretary stated that NAMA has not 
arranged for effectiveness studies of the two 
presently available automated cleaning sys
tems for two reasons: (I) automated systems, 
as designed, are clearly superior to manual 
cleaning; and , (2) the fact that 90% of the two 
models sold are ordered with auto-systems is 
proof of their effectiveness in reducing 
"algae" growth problems. On the basis of this 
information, the Council adopted the follow
ing motion: " NAMA should prepare a 
research protocol for determining the effec
tiveness of automated ice-maker cleaning 
systems in controlling microorganisms within 
the system for discussion by AMHIC not later 
than the 1978 annual meeting." 

Water Vending Machines 

Addressing the one water vender presently 
NAMA-Listed , the NAMA Machine Evalua
tion Agency personnel stated that: (a) 
independent laboratory tests showed excellent 
bacterial counts (of vended water); (b) the 
Le tter of Compliance covers all machine fea
tures; and (c) more detailed standards in the 
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Evaluation Manual would be of val ue. Al
though the present vender is marked " For 
Municipal Water Supply Connnection Only", 
it was agreed that his qualification should also 
appear on the Letter of Compliance and in the 
NAMA Listing. 

Questions and cautions expressed by vari
ous Council members included these for 
future activity in this field: 
I . Does NAMA certification of a water 
vending machine cover all components (in
cluding UV systems, if used)? 
2. Is water vending a "rip-off' to which 
NAMA should not lend its name or can water 
" improvement" be demonstrated ? 
3. What machine labeling and advertising 
claims/statements are justified and proper 
(pure, purified , sanitized, safe, sparkling, 
etc.)? 
4. What is the potential for degrading the 
water when (it) filters (pressure gauges , cut-off 
controls , etc.) become excessively clogged ? 

Provisional Certification Policy 

A proposal to amend NAMA's Evaluation 
Program " Administrative Policies" to include 
a " Provisional Letter of Compliance" under 
specified circumstances was discussed ; and 
the following paragraph was incorporated in 
Part I,E, of the Policies: 

5. The evaluation agency may issue a 
provisional letter of compliance whenever, in 
the opinion of the agency. new vending 
technology or new products associated with 
the applicant machine require field use and 
servicing experience to confirm the machine's 
safety and acceptability. 

R ecommendations 

I. The Association reaffirms its support of 
the National Sanitation Foundation and the 
National Automatic Merchandising Associa
tion and continues to work with these two 
organizations in developing acceptable stand 
ards and educational materials for the food 
industry and public health. 

2. The Association urges all sanitarians to 
obtain a complete set of the National 
Sanitation Foundation's Food Equipment 
Standards and Criteria and a copy of the 
National Automatic Merchandising Associa
tion - Automatic Merchandising Health
Indust ry Council's Vending Machine Evalua
tion Manual and related educational mater
ials; to evaluate each piece of food equipment 
and vending machine in the field to determine 
compliance with the applicable sanitation 
guidelines (construction and installation 
specifications); and to let this Committee and 
the appropriate evaluation agency know of 
any listed manufacturer or fabricator failing 
to com ply with these guidelines. 

3. The Association urges all sanitarians 
and regulatory agencies to support the work of 
the Association's Committee . submit sugges
tions for developing new guidelines and for 
admending same, and subscribe, by law or 
administrative policy, to the principles repre
sented by the Standards, Criteria, and 

... can't. 011 page H44 
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836 FINANCIAL REPORT 

Financial Report IAMFES 

Members of the Board of 
International Association of Milk, Food 

and Environmental Sanitarians, Inc. 

We have examined the accompanying balance sheet of the 

International Association of Milk, Food and Environmental Sani

tarians, Inc., as of June 30, 1978 and 1977, and the related statements 

of the Association income, journal income, and changes in fund 

balance for the years then ended. Our examination was made in 

accordance with generally accepted auditing standards and accordingly 

included such tests of the accounting records and such other auditing 

procedures as we considered necessary in the circumstances. 

In our opinion , the accompanying statements present fairly the 

financial position of International Association of Milk, Food and 

Environmental Sanitarians, Inc., as of June 30, 1978 and 1977 and the 

results of its operations for the years then ended , in conformity with 

generally accepted accounting principles applied on a consistent basis 

after giving retroactive effect to the change (with which we concur) in 

the method of recording income from dues and subscriptions as 

explained in Note (2) to the financial statements . 

Payroll taxes payable 821 

Unearned dues and subscriptions 

income 30,559 

Special purpose funds: 
Memorial Fund 961 

Foundation Fund 4,153 

Total current liabilities 36,494 

Fund Balance 6,678 

Total liabilities and fund balance $ 43,172 $ 

See Notes to Financial Statements- June 30, 1978 

STATEMENT OF ASSOCIATION INCOME 
For Years Ended June 30, 1978 and 1977 

Year Ended 

2,356 

28,276 

997 
2,038 

34,322 

8,076 

42,398 

June30, 1978 June 30, 1977 

Dougherty & Co. 

Certified Public Accountants 

July 21 , 1978 
Ames, Iowa 

BALANCE SHEET 
As of June 30, 1978 and 1977 

ASSETS 

Year Ended 

June 30, 1978 June 30, 1977 

Current Assets: 
Cash on hand, in bank & savings & loan 

assoc. $ 30,721 $ 26,319 

Accounts receivable - trade 4,405 6,392 

Inventory- supplies, lower of cost 
or market 3,875 5,208 

Prepaid expenses 163 104 

Total current assets 39,164 38,023 

Fixed Assets: 
(Note 1) 

Office equipment 2,852 2,602 

Addressing & mailing equipment 4,138 4,138 

6,990 6,740 

Less : allowance for depreciation 2,982 2,365 

Net fixed assets 4,008 4,375 

Total assets $ 43,172 $ 42,398 

LIABILITIES AND FUND BALANCE 

Current Liabilities : 
Accounts payable - trade $ -- $ 655 

Income: 
Affiliate dues $ 19,071 $ 19,170 

Direct dues 13,619 11,784 

Total dues received 32,690 30,954 

Contributions received for awards 1,095 2,206 

Convention and meeting income 2,449 1,577 

Publications and pamphlets 6,897 14,013 

Sale of3-A Standards 3,640 3,971 

Sustaining memberships 3,250 1,500 

Misc. and expense reimbursement 1,143 923 

Expense reimbursement 3-A 9,213 9,186 

Interest income 696 531 

Total income 61,073 64,861 

Expense: 
Salaries 31 ,644 30,660 

Payroll tax expense 2,059 2,276 

Travel 4,273 2,756 

Office supplies 2,611 804 

Box rent and postage 3,596 3,185 

Telephone 1,008 914 

Office rent 2,250 2,250 

Insurance 244 235 

Legal and professional fees 1,408 1,320 

Dues and subscriptions 216 

Depreciation- office equipment 244 186 

3-A Standards expense 2,864 3,411 

Citations and awards 1,000 2,000 

Buttons and decals 43 8 

Convention and annual meeting expense 37 2,429 

Cost of printing pamphlets 5,534 

Miscellaneous 651 1,253 

Total expense 54,148 59,221 

Net income (loss) of Association $ 6,925 $ 5,640 

See Notes to Financial Statements- June 30, 1978 
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STATEMENTOFJOURNALINCOME 
For Years Ended June 30, 1978 and 1977 

Year Ended 

June 30, 1978 June30, 1977 

Income: 
Advertising $ 15,244 $ 

Subscriptions 35,536 
Sales of journals 208 
Sale of reprints 10,594 
Page charges 12,975 
Miscellaneous 288 

Total income 74,845 

Expense: 
Editorial salaries 9,567 
Printing and publishing 46,926 
Plates, cuts, etc. 1,181 
Mailing and postage 6,397 
Reprint expense 5,684 
Advertising cost -commission 

and printing 1,244 
Stationery and supplies 312 
Travel expense 1,842 
Depreciation - addressing equipment 373 
Telephone 277 
Consulting 4,750 
Payroll tax expense 1,105 
Computer service costs 1,054 
Miscellaneous 341 

Total expense 81,053 

Net income (loss) of Journal ($ 6,208) $ 

See Notes to Financial Statements- June 30, 1978 

STATEMENT OF CHANGES IN FUND BALANCE 
For Years Ended June 30,1978 and 1977 

Year Ended 

12,786 
33,220 

1,987 
12,192 
8,773 

68,958 

8,858 
39,508 

759 
5,227 
4,753 

1,448 
142 

1,849 
315 
459 

4,150 
625 

297 

68,390 

568 

June 30, 1978 June 30, 1977 

Balance beginning of period $ 36,352 $ 29,038 

Less prior period adj ustment- change 
in accounting method for dues and 
subscriptions - Note (2) 28,276) 25,938) 

8,076 3,100 

Add closing of Special Purpose Fund 
(Reserve for Lab Methods Committee) 299 

Less transfer to Special Purpose Fund 
(Foundation Fund) 2,115) 1,531) 

Add net income (loss) for the year: 
Association 6,925 5,640 
Journal (6,208) 568 

Balance end of period $ 6,678 $ 8,076 

Notes to Financial Statements - June 30, 1978 

1) Summary of Significant Accounting Policies 
Fixed Assets 

Office equipment and addressing and mailing equipment are I 
recorded at cost. Depreciation is computed on the straight-line 
method over the estimated useful li fe. 

Income Taxes 
The Organization has received a letter dated April 3, 1953 
indicating they are exempt from income taxes under Code Section 
501 (c) (3). 

2) Change in Accounting Method used for Dues and Subscription 
Income: 
The method of accounting for revenue received from dues and 
subscriptions has been changed from the cash basis to the accrual 
basis, retroactive to the year ended June 30, 1976. The effect of 
these changes on amounts previously reported is as follows: 

Year Ended 

June 30, 1977 June 30, 1976 

Effect on net income 
increase (decrease) ($ 2,340) ($ 7,863) 

Effect on fund balance 
increase (decrease) 28,276) 25,936) 

.. 



838 3-A STANDARDS AM ENDMENTS 

Amendment to 
3-A Sanitary Standards for Fittings Used 

on Milk and Milk Products Equipment and Used 
on Sanitary Lines Conducting Milk and Milk 

Products, Number 08-17 
NUMBER 08-17B 

Formulated by 
I ntemational Association of Milk, Food and Environmental Sanitarians 

United States Public H ealth Service 
The Dairy Industry Committee 

The "3-A Sanitary Standards for Fittings Used on Milk and Milk Products Equipment and Used on Sanitary Lines 

Conducting Milk and Milk Products , Number 08-17" are amended by the following changes: (underscoring indicates 

new language): 
Part One 

L Rewrite paragraph E.8 to read as follows: 
E .8 

Air-operated or electrically-operated automatic 
positive displacement samplers shall comply with 
the applicable provisions of this standard and the 
following (reference revised 3-A drawings, in Part 

Two numbers 3A-100-36, 3-A-100-37, and 3A-
100-38): 

IL Rewrite second line of E.8 1 to read as follows: 
E.8 1------------- --

"head , 0-rings , seals , and an air or electrically-

operated mechanism." 
These corrections have been made in Number 08-17 Rev 

Part One and Two. 

Amendment 
to the 3-A Sanitary Standards for 

Fillers and Sealers of Single Service Containers 
for Milk and Fluid Milk Products, Number 17-04 

NUMBER 17-05 
Formulated by 

I ntemational Association of Milk, Food and Environmental Sanitarians 
United States Public H ealth Service 

The Dairy Industry Committee 

The 3-A standards for fillers and sealers, Number 17-04, are hereby amended by the following: 

L Add a new sub-section C.1.2.1 , as follows: III. Add Section L. to the appendix to read as follows: 
C.1.2.1 L. 

Integral stainless steel pumps may be covered by an 
engineering plating of electroless nickel alloy 
conforming to the applicable provisions of Military 
Specifications MIL-C-26074B , as amended4 . (See 
also Appendix Section L.) 

II . Add a new subsection D.3.1 , as follows : 
D.3 .1 

The minimum thickness of an engineering plating of 
electroless nickel alloy, as specified in C.1.2.1 , shall 
be 0 .002- inch . 

4 M IL -C-26074B. 26 March 1969 - Military Specifications: coatings, 
e/ectroless nickel, requirem ents f or: as am ended by Amendm ent One. 
14 May 1971. Supt. Documents. U. S. Printing O.fjice. Washington. 

D. C. 20402 
This A mendm ent will be inchtded in Standard Number 17-06. 

Electroless Nickel Alloy 
L.1 

An electroless nickel alloy coating having the 
following composition is deemed to be in compli
ance with C .1.2 .1 herein: 
Nickel- 90 % minimum 
Phosphorous - 6 % minimum and 10 % maximum , 
as a supersaturated solution of nickel phosphide in 
nickel. 
Traces of carbon , oxygen , hydrogen , and nitrogen . 
No other elements . 

,. 
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3-A STANDARDS AMENDMENTS 

Amendment 
To 3-A Sanitary Standards for Batch and 

Continuous Freezers for Ice Cream, Ices, and 
Similarly-Frozen Foods, Number 19-02. 

NUMBER 19-02-B 
Formulated by 

I ntemational Association ofM ilk, Food and Environmental Sanitarians 
United States Public H ealth Service 

The Dairy Industry Committee 

839 

The 3-A Sanitary Standards for Batch and Continuous Freezers for Ice Cream, Ices , and Similarly-Frozen Dairy Foods, 
Number 19-02, are hereby further amended as indicated in the following: 
L Add a new sub-section to C.2, as follows (and Zinc -8 % maximum 

re-number accordingly): Optional metal alloy may be Nickel -19 1/2% minimum 
used but only in applications requiring disassembly Tin -3 112o/o minimum 
and manual cleaning, such as scraper blades, shaft Lead -So/omaximum 
and shaft bearings , discharge gate, front head, and Iron -11/2%maximum 
bearings . (See Appendix, Section I. for the Copper -the balance 
composition of an acceptable optional metal alloy.) 

II. Add a new section to the Appendix, as follows, and 
re-letter accordingly: 
I. 
OPTIONAL METAL ALLOY 

An alloy of the composition given above is properly 
designated "nickel silver ," or according to ASTM 4 

Specification B149-70 may be entitled "leaded nickel 
An optional metal alloy having the following 
minimum and maximum composition is deemed to 
be in compliance with C.2 herein. 

bronze. " 
This Amendment will be included in 19-03 when 

reprinted. 

Amendments to 
3-A Sanitary Standards for Multiple

Use Plastic Materials 
Used as Product Contact Surfaces 
for Dairy Equipment, Number 20-08 

NUMBER 20-08A 

Formulated by 
International Association ofMilk, Food and Environmental Sanitarians 

United States Public H ealth Service 
The Dairy Industry Committee 

The "3-A Sanitary Standards for Multiple Use Plastic Materials Used as Product Contact Surfaces for Dairy 
Equipment, Number 20-08", are hereby further amended as indicated in the following: 

Section I. Standards for Acceptability, Sub-paragraph 
(2): Add the following materials to the list of Generic 
Classes of Plastics : 

Polyox methylene copolymer* 
Ethylene-vinyl acetate copolymers* * 

* covered by CFR I77.2470 
* * covered by CFR I 77. I 350 

Maximum Percent of Weight Gain 

Cleanability Product Treatment 
Response (Section G Regimen) 

(Section F . 
Regimen) Solution I Solution J 

0 .25 
0.25 

0.60 
0 .55 

1.00 
0.10 
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840 NEWS & EVENTS 

ADSA Award Winners Announced 

Prof. E. W. Custer Dr. G.H. Richardson Dr. N. F. Olson 

E. W. Custer, professor of Dairy Science at Mississippi 
State University, was named winner of the 1978 Kraftco 
Teaching Award of the American Dairy Science 
Association. Dr. G. H. Richardson , professor of 
Nutrition and Food Sciences at Utah State University, 
received the 1978 Pfizer, Inc. Award, and Dr . N. F. Olson 
of the University of Wisconsin won the ADSA's Dairy 
Research Foundation Award. 

Prof. Custer has taught , supervised dairy plant 
operations, researched , and counseled in the dairy 
industry for 31 years. He teaches six courses and helped 
develop others . Custer helped design and now directs 
operations of a modern dairy processing facility and its 
program to give practical experience to students and to 
help them finance their college expenses. Custer is also 
an active force in continuing education of dairy 
professionals in his state and nationally. He is an official 
U.S.D.A. Grader of Dairy Products and Plant Inspector 
and is Executive Director of the Mississippi Dairy 
Products Association. He served the American Guernsey 

Coming Events 

Cattle Club as Research Committee Chairman and was 
Senior Quality Consultant for All Jersey, Inc. Custer is a 
long-time IAMFES member. 

Dr. Richardson's contributions to the dairy industry 
include the development of a low-cost bacteriophage
resistant culture medium that can be prepared from 
whey in a cheese factory . When used with proper 
controls, the starter can be produced at constant pH with 
much higher activity than can be developed in 
conventional bulk starters and , as a result, much less 
starter is needed. 

Richardson is the author or co-author of over fifty 
scientific publications related to milk and cheese. He is 
also an active member of several professional organiza
tions and societies , including the ADSA, Association of 
Official and Analytical Chemists , Institute of Food 1 
Technologists, and the Intersociety Council on Standard 
Methods for the Examination of Dairy Products. He is a 
member of the Editorial Board of the Journal of Food 
Protection. 

Dr. N. F. Olson , recipient of the Dairy Research 
Foundation Award, has concentrated much of his 
research on cheeses , including solving the cause of pink 
discoloration in Italian cheese, development of a rapid 
method for determining suitability of various lactic 
cultures on mozzarella cheese , and informing the dairy 
equipment industry of cheese curd flow during 
processing. Dr. Olson is serving on the Editorial Boards of 
the Journal qf' Food Protection and Journal qf Dairy 
Science. He also participated in the preparation of the 
14th edition of Standard M ethods fo r the Examination qf' 

Dairy' Products. 

Oct. 18-IOWA ASSOCIATION 
OF MILK, FOOD AND EN
VIRONMENTAL SANITARIANS , 
INC. , Fall meeting. Waterloo, IA. 

Nov . 15-17- FUNDAMENTALS 
OF THERMAL PROCESSING . 
Pick Congress Hotel , Chicago, IL. 
Contact: Dan Weber, Institute of 
Food Technologists , 221 N. LaSalle 
St. , Chicago, IL 60601. 

VATION AND MUNICIPAL 
WASTEWATER FLOW REDUC
TION . Ramada-O'Hare Inn , Chica
go, IL. Contact: U.S. Environmental 
Protection Agency , c/o Enviro Con
trol , Inc . P.O. Box 1687, Rockville, 
MD 20850. 

NSF Building, P.O. Box 1468, Ann 
Arbor, MI 48106. 

April 22-25, 1979-1979 CON
FERENCE ON INDUSTRIAL 
ENERGY CONSERVATION 
TECHNOLOGY. Hyatt Regency , 
Houston , TX. Co-sponsored by Dept. 
of Energy and Texas Industrial 
Commission. Prospective authors 
send abstracts (300-350 words) to: 

Nov . 28-29-NATIONAL CON
FERENCE ON WATER CONSER-

Nov. 28-30-FOO DSERVICE 
EQUIPMENT MATERIALS AND 
FINISHES SEMINAR . Ann Arbor, 
MI. Contact: Education Service , 
National Sanitation Foundation, 

Dr. Philip Schmidt, Technical Pro
gram Chairm an, University of Texas 
at Austin, Austin, TX. 78712. 

.. 
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NEWS & EVENTS :. 

Committee Seeks Awards Candidates 
Each year IAMFES recognizes 

outstanding contributions and per
formance by its members. 

The success of the awards is 
dependent not only on the organiza
tions which generously support the 
monetary aspects of the awards 
program, but also on you, for 
providing the Awards Committee 
with the names and background 
information of potential award win
ners. 

Please give serious thought to 
candidates for the following awards 
to be considered for presentation at 
the 1979 IAMFES Annual Meeting. 

1. The Sanitarians· A ward -
$1000 to a state or federal sanitarian 
who, during the past seven years, has 
made outstanding contributions to 
the health and welfare of his 
community. 

2. Educator/ Industry Award 
$1000 to a university or industry 
employee who has made outstanding 
contributions to food safety and 
sanitation. In 1979 the award will be 
made to an educator. 

3. The Citation Award- Present
ed to a member who has given 
outstanding service to lAM FES in 
fulfilling its objectives. 

4 . The Shogren A ward - Pre
sented to the affiliate organization 
which has the best statewide or 
regional program. 

5. Honorary L(fe Membership -
Awarded to a member who has given 
long and outstanding service to 
IAMFES . 

Contact Henry Atherton, Chair
person of the IAMFES Recognition 
and A wards Committee, Dept. of 
Animal Science, Dairy Building, 
Univ. of Vermont, Burlington , VT 
05401; 802-656-2070. 

19811AMFES Meeting Set for Seattle 

The Executive Board of IAMFES 
decided during its meetings at the 
1978 Annual Meeting in Kansas City 
to pursue sites for the 1981 Annual 
Meeting in Seattle, W A. 

The Board's decision followed the 
news earlier this summer that the 
National Environmental Health As
sociation's (NEHA) best possibilities 
for the 1981 meeting centered a
round Arizona and Nevada. IAM
FES does not have affiliates in either 
location. Richard March, IAMFES 
President-Elect said, "O ur decision 
has been that during this conference 
we'll need to make a decision for the 

location of the 1981 meeting," when 
he announced the Board action to 
NEHA representatives Paul Taloff, 
President, and Larry Krone, Execu
tive Secretary. 

"We owe it to our affil iates to 
respond in the traditional way 
because we feel strongly that the 
success of our conference depends on 
a strong affiliate in the area of the 
annual meeting," March explained. 

"This doesn 't preclude plans for a 
joint meeting with NEHA in 1982," 
March added. 

IAMFES and NEHA will hold a 
joint meeting in 1980 in Milwaukee, 
WI. 

AlB offers New Manual 
A new book, "Basic Food Plant 

Sanitation," has been released by the 
American Institute of Baking. 

Prepared by the Department of 
Sanitation Education , this updated 
manual contains current information 
and new laws governing proper 

sanitation practices for food proces
sing operations. 

The cost of the manual is $35.00 
and includes postage and handling. 

To order, contact: Department of 
Sanitation Education , American In
stitute of Baking, 1213 Bakers Way , 
Manhattan, KS 66502. 

Secretary-Treasurer 
Nominations open 
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The constitution and by-laws •of 
lAM FES require that a Secretary
Treasurer be elected by mail ballot 
each year. President Howard Hutch
ings at the Annual Meeting in 
Kansas City appointed the following 
members to the Nominating Com
mittee for 1979: Roy Ginn, Jerry 
Brown , C. M. Russell, Roger Wray 
and Harold Barnum. 

Nominations for the office of 
Secretary-Treasurer are now open. 
Any member wishing to make a 
nomination for this position should 
send a biographical sketch and 
picture of his nominee to the 
Nominating Committee no later 
than November 1, 1978. To maintain 
proper balance on the Executive 
Board, the nominee this year should 
be selected from Education. 

Harold J. Barnum, Chairman 
Nominating Committee 
International Association of 

Milk, Food and Environmental 
Sanitarians 

736 Cloute Street 
Fort Atkinson, WI 53538 

Pennsylvania 
Sanitarians Meet 

The Pennsylvania Dairy Sanitar
ians Association held their annual 
meeting as part of the 36th Dairy 
Fieldmen's Conference on the Uni
versity Park campus of Pennsylvania 
State University. More than 250 
persons participated in the three-day 
conference held June 5-7, 1978. 

William Killough , fieldm an for 
Penn Dairies, was given the Sanitar
ian of the Year A ward. Killough has 
served as secretary-treasurer of the 
Pennsylvania Association . 

Officers elected for 1978-79 were: 
Elwood Hench, President; AI Gott
fried , President-Elect; Allen Murray, 
Vice-President; and William Kil
lough, Secretary-Treasurer. Associa
tion advisors are Sidney Barnard, 
Stephen Spencer and George Fouse. 

' 
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Transflow~ tubing 
Dairymen across the country rely on 
Transflow raw milk tubing to protect 
the wholesomeness and flavor of their 
product. That's because Transflow tub- 1 
ing is specially designed for the rigid 
sanitation requirements of the dairy 
industry. 
Transflow tubing cleans quickly and 
thoroughly. Its inner bore - smoother 
than rubber tubing and stainless steel 
pipe - leaves no place for butterfat 
or milkstone to accumulate. And be
cause Transflow tubing is clear, you can 
see that it's clean and residue-free. 
Insist on genuine Transflow M-34R tub
ing , which complies with FDA and 3-A 
standards. Just look for its distinctive 
blue strip . 

Transflow® paneling 
The Transflow paneling system is fast 
gaining a reputation as the premier 
wall and ceiling covering for dairy 
operations. 
The system - panels, moldings and 
connectors - installs easily with no 
special tools. Transflow panels are built 
tough to withstand repeated cleaning , 
yet stay bright and new-looking for 
years. They inhibit mold growth , require 
little maintenance , and never need 
painting. Like Transflow tubing , Trans
flow paneling meets FDA and 3-A 
standards . 
Don ' t accept substitutes - choose 
Transflow paneling for your operation . 
When Transflow panel in g goes up , 
maintenance goes down. 

33-132 Transflow Hot-Line: Want more information on Transflow tubing 
1-800-321-9634 or panel ing? Call us toll-free and we' ll give 

you the whole story. Ohio call collect 216-
630-9230. 
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NEWS & EVENTS 

Food Protection Conference 
Proceedings Available 

The National Institute for the Foodservice Industry 
has announced that the Proceedings of the National 
Conference on Food Protection in Foodservice are now 
available. 

The conference addressed many of the nation 's 
concerns and responsibilities regarding food protection 
in the food service industry. This document provides 
concerned comments and recommendations from food 
protection leaders in regulatory agencies , industry, and 
education. 

PAT. #3485261 
Completely New 
And Improved 

REITO® 
FLOAT VALVE 
AUTOMATIC 

Converts stock 
tanks, pans, 
troughs, barrels, 
to automatic 
waterers instantly. 
REITO #500 Antisiphon 
Float Valve meets the re
quirements of pasteur
ized milk ordinance 1965 
edition P.H.S. Food and 
Drug Administration . 

WHY WORRY ABOUT WATERING CHORES? 
A REITO DOES IT AUTOMATICALLY 

• One piece heavy gauge steel housing. 
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Convened in Chicago, the four-day conference was 
attended by 136 representatives from 33 states and 
Canada. 

A copy of the Proceedings can be obtained from: Mr. 
• Heavily galvanized within a final coating of vinyl to 

resist chemical reaction and corrosion. 

C. Dee Clingman, Director, Food Protection Programs, 
National Institute for the Foodservice Industry , 120 S. 
Riverside Plaza, Chicago, Illinois 60606 . 

• Float has non -porous surface for extra protection 
against liquid absorption and algae. 

• Float Valve adjusts to depth of watering trough , etc. 

REITMAN MANUFACTURING COMPANY 

10319 Pearmain Street, Oakland, CA 94603 

Telephone: (415) 638-8977 

PROCEDURES 
TO 

INVESTIGATE 
FOODBORNE ILLNESS 

Recommended By 

INTERNATIONAL ASSOCIATION OF MILK, FOOD AND 
ENVIRONMENTAL SANITARIANS, INC. 

COPIES OBTAINABLE FROM 

International Association of Milk , Food and Environmental Sanitari ans. Inc . 
P.O. Box 701 . Ames. Iowa 500!0 

Price: Single copies $1.50 each 25-99 copies $1.25 each 100 or more $.90 each 

, 



Make Your 
Cows Worth More. 
Dr. Allan Bringe 
Professor, Dairy Science 
University of Wisconsin 
Madison, Wisconsin 

Efficient production of clean. 
natural-tasting milk which 
will be in demand by con
sumers . shou ld be every 
dairyman·s goal. The milk
ing operation and care of 
your herd should have the 
highest priority because a 
full harvest of quality milk 
will mean more income to 
you . Dairymen can take ad
vantage of curren t knowl
edge and technology to 
achieve this goal , and make 

better use of their time while earning more profit. 
DHI Production Records 
These tools are essential for measurement of produc
tion to make feeding . breeding. and culling decisions. 
Use records to detect and correct weaknesses in herd 
management. You won't know which cows are worth 
more unless production is measured . Ideally, your 
milk1ng equ1pment should have provisions for obtain
Ing DHI milk weights and samples. 
Identify Cows With Hidden (Sub-Clinical) Mastitis 
The invisible loss of milk for each infected quarter is 
more than a thousand pounds per year. You need 
some rout1ne method of iden tifying infected cows early 
-before you can see clinical mastitis. Each cow can be 
monitored for mammary infection by: 

1. Somatic cell report in DHI programs. 
2. California mastitis test. 
3. Bacteriological cul tur ing. 

Once Infected cows are identified , you and your 
vetennanan can make management decisions regard
Ing proper handling and treatment. When cows be
come 1nfected with sub-clinical mastitis you should also 
play the role of a detective to determine the cause and 
correct the situation that caused the new infection . 
Mast1t1s can be kept under control wi th the following 
measures: 

1. A str ict sani.tation program. 
2. Proper ins tallation , maintenance and use 

of milking equipment. ' 
3. Using recommended procedures including teat 

d1pp1ng . 
4. Propertreatment of infected quarters. (Select 

antibiOtiCS for treatment of infected quarters 
based on previous culturing and sensitivity test
Ing.) 

5. Culling . 

Dairymen attempting to control mastitis by treatment 
alone will always be in trouble . 
Routine Milking Machine Service 
You aremilking 1977 model cows. bred for high milk 
production That means your milking equipment needs 
to be up to 1977 operating standards. Just because 
your milking machine starts running when you hit the 
sw1tch . doesn 't mean that it's operating properly. 
Schedule your equ1pment for routine service by a com
petent milk1ng mach1ne serviceman . Make sure that 
pulsation , vacuum control. vacuum pump. mflations. 
and other essential parts are functioning correctly. 
Don't guess. Check equipment performance when all 
units are milking the highest producing cows. Re
member, your milking equipment operates more hours 
than any other piece of farm equipment. and it"s the 
only equipment that operates on living tissue. 

Provide The Environment For Healthy Calves 
Proper environment, care and attention is essential to 
raising healthy calves. Poor calf care allows scours 
and pneumonia to pre-cull many genetic assets from 
your herd and its future productivity. Genetically supe
nor calves. ra1sed_ 1n a heal thy manner. give the dairy
man an opportunity to cull more selectively and elimi
nate masti tis problem cows. 

This, in turn , helps prevent the spread of pathogenic • 
organisms throughout the herd. 

Managed Milking Procedure 
Plan the best sequence for proper cow milking . Even 
the best m1lk1ng system cannot achieve maximum 
production and avoid udder irritations unless proper 
milk1ng procedures are followed. The milker's attitude 
and desire to consistently milk properly is essential. 
Handle cows gently so they associate milking with a 
pleasant expenence. The preparation and stimulation 
of the udder.is important to saving milking time. obtain
Ing more milk , and reduc1ng teat and udder irritation. 
Attention to the important routine of sequencing stimu
lation , t1me of machine attachment , and proper ma
Chine removal will pay big dividends. The challenge is 
to control procedures so th ey are properly performed 
when milking each cow in the herd . regardless of her 
charactenst1cs. This can be accomplished equally well 
1n a stanchion barn or full y automated milking parlor. 
The rewards w1ll be better use of your time. better 
herd health and more profit. You can make your cows 
worth morell 

Babson Bros. Co .. 
2100 South York Road . 
Oak Brook. Ill inois 60521. 

We make your cows worth more. 
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