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AnsruAcr

Certain strains of Escherichia coli, designated as
enteropathogens, can cause either a Shigella-like or
Salmonella-like illness in adults and children (12, 16).
Although fur years these bacteria have been known
to cause infantile diarrhea, recently there has been
increasing concern about the presence of E. coli in
foods because the enteropathogenic strains can cause
a form of foodborne illness. Such illness has been
recognized and reported extensively in European
countries and Japan (4, 7). Outbreaks of foodborne
illness caused by E. coli have been asmciated with
consumption of IDilk, ice crea.rn, kefir, cheese, and
other dairy products (1, 2, 10, 18). Enteropathogenic
strains of E. coli have been found in market milk and
market cheese, especially Camembert cheese from
France, Sweden, and DeiliDla!l:"k (3, 19, 22).
Between November 12 and December 8, 197~ at
least 22.7 persons in 96 separate outbreaks in ap1ResearCh supported by the College of Agricultural and Life
Sciences, University of Wisconsin-Madison and by contributions from the food industry to the Food ResearCh Institute.
"Present address: Cheese Division, Borden Foods, Plymouth,
Wisconsin 53073.

MATERIALS AND METHODS

Cultures
The following enteropathogenic strains of E. coli were
supplied by the Food and Drug Administration: Ol28:BI2
(NY), OI25:B15 (SHIB), OI25:BI5 (3HIC), 0124:BI7
(5H4B), 0124:BI7 (4H4A), and Ol24:BI7 (7H4A). Most
of these strains were originally isolated from the Fr~Ch
Camembert cheese that caused illness. Each culture '~~s
transferred to nutrient broth daily for 3 days before it was
nsed for an esperiment. Incubation was at 37 C for 24 'h.
Sufficient of a 24-h old nutrient broth culture ( 37 C incubation} was added to pasteurized milk to provide approximately IOO E. coli cells/ml of milk.
Starter cultures used to make Cheese included a commercial mixed strain laetic culture and Streptococcus cremoris
Ct. The starter cultures were transferred to sterile skimmilk
daily for 3 days before they were used to make Cheese. Incubation was at 22 C for approximately 16 h. Milk to be
made into cheese was inoculated with 2% of a 16 to 24-h old
lactic culture prepared in skimmilk.
Penicillium camemberti, obtained from K. B. Raper, Department of Bacteriology, University of Wisconsin, Madison,
was grown on Czapek agar slants at 22 C for I week. The
mold on one agar slant was blended (Waring blendor) with
50 ml sterile buffered distilled water and the mixture was
added to 40 lb. milk at the time of cheesemaking.

Manufacture of cheese and $ampling procedure
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Camembert cheese was made from pasteurized milk inoculated to contain, per milliliter, approximately IOO cells of enteropathogenic strains of Echerichia coli. A Most Probable Number technique was. nsed to enumerate E. coli at intervals during manufacture and ripening of the cheese. Identity of
isolates obtained was determined serologically. Growth of
E. coli was minimal until after curd was cut and hooped.
Rapid growth ensued and populations in excess of IO'/g appeared in some Cheeses 5 h after the Cheesemaking process
began. Overnight ~1:orage of Cheese in hoops was accompanied by a decline in numbers of viable E. coli. This ooincided
with a drop in pH of the Cheese to 5.0 or below. Salting of
cheese and I day of ripening at I5.6 C ( 60 F) caused a
further decline in number of viable E. coli. This decline
continued dJ,Uing the rest of the week at I5.6 C ( 60 F) and
during storage at 10 C (50 F). From 0 to 9 weeks at 10 C
(50 F) were required before cheese was free of viable E. coli.
Substitution of Streptococcus cremom C1 for a commercial
laotic starter culture favored survival of E. coli so that 9-week
old Cheese contained >10"/g. When cheese was made from
milk that contained penicillin, the E. coli population was approximately IQ9/g in 24-h old cheese and I07 /g when the
Cheese was 9 weeks old.

proximately 8 states of the U. S. became ill with
acute gastroenteritis about 24 h after consuming
imported French Camembert or Brie cheese (2, 17).
Symptoms of the disease included vomiting, di8.rrhea,
fever, and myalgia. Some victims observed blood
in their stools. E. coli serogroup 0124:B17 was isolated from stools of several patient~ and from samples
of cheese believed to have caused the illness. Although the presence of coliform bacteria in cheese
was recognized as early as 1895 (15), it ~as not until
76 years later that the first well-documented cheeserelated U. S. outbreak of foodborne illness caused
by E. coli was recorded.
When the outbreak of foodborne illness just described occurred, information was lacking on the
fate of enteropathogenic strains of E. coli during the
manufacture and curing of Camembert cheese. Consequently experiments were done to obtain these
data. Results of the tests are in this paper. A preliminary report of the data has been given (13).
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TYPICAL MANtiF ACTURING SCHEDULE FOR CAMEMBERT

CHEESE MADE FROM 40-LB.

LOTS

OF PASTEURIZED MILK

INOCl:Jr..ATED WITH ENTEROPATHOGENIC STRA:U"'S OF

Step

Time
(h:mln)

Temperature

E. coli
pH

Room temperature

Sixteen vats of Camembert cheese were made as outlined
in Table 1. The cheese was ripened for 1 week in a hamid
cham her at 15.6 C ( 60 F) and then for up to 9 additional
weeks at 10 C (50 F). Each strain of E. coli was used to
inoculate two vats of cheese made with the commercial starter
culture. Only E. coli 0128:812 was used in tests with antibiotic-contaminated milk or when S. cremoris served as the
starter culture. Again, each experiment was done in duplicate.
Antibiotic-contaminated milk was prepared by adding sufficient penicillin so milk contained 0.3 unit antibiotic per
milliliter. This quantity of penicillin is sufficient to markedly
but not completely inhibit acid production by the starter
culture (9, 11).
All Camembert cheese (average fat in dry matter, 53.711:;
average moisture content, 59.2$) made in these trials complied with the Federal standard (minimum of 50% fat in dry
matter, no requirement for moisture) for this product. The
schedule for sampling the cheese is indicated in Fig. 1 and 2.

Enumeration of enteropathogenic E. coli
A Most Probable Namber (MPN) technique was used
to enamerate enteropathogenic E. coli in samples of milk, curd,
or cheese. Each value reported in Fig. 1 and 2 represents the
average MPN of two trials.
Twenty grams of curd or cheese were blended (Waring
blendor) for 3 min with 180 ml of sterile 2% sodiam citrate
solution. All subsequent dilutions also were made in the
sodiam citrate solution.
One-milliliter quantities of the
appropriately diluted samples were added to tubes with 9 ml of
nutrient broth. After incubation for 24 h at 37 C, some material from each tube was streaked onto EMB agar ( Difco) and
plates were then incubated at 37 C for 24 h. Typical E. colt
colonries were picked and streaked onto a blood base agar
( Difco) slant in preparation for a serological test to confinn
that the isolate recovered from the sample was the same
strain of E. coli that was used to inoculate the milk. Growing the E. coli on blood base agar served to minimize problems with false-positive and cross reactions. The slide agglutination test and OB antisera ( Difco) were used to confirm that the i~olates were of the same E. coli strain that was
added to milk when cheese was made.
Measurement of moisture, pH, and fat
Approximately 3 g of cheese in an aluminam foil moisture
dish (Sargent-Welch no. S-25725) were dried for 16 h in a
forced-draft air oven at llO C. The percent of weight lost was
considered to be the percent moisture. The pH of milk was
measured with a Beckman pH meter equipped with glass

REsULTS AND DISCUSSION

Behavior of E. coli during cheese manufacture
Twelve vats of Camembert cheese were made using
a commercial lactic starter culture and six strains of
E. coli (Fig. 1). Two vats of cheese were made using
each strain of E. coli. Average values from each set
of two vats appear as Cheese No. 1-6 in Fig. 1. Two
additional vats of cheese were made using the commercial lactic starter culture, E. coli 0128:B12, and
mUk contaminated with penicillin (average values
from the two vats of cheese appear as Cheese No.
7 in Fig. 2). Another two vats of cheese were made
using S. cremoris c., E. coli 0128:B12, and normal
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Figure 1. Behavior of enteropathogenic strains of E. coli
during the manufacture and ripening of Camembert cheese
made with a commercial starter culture.

Figure 2. Behavior of an enteropathogenic strain of E. colt
during the manufacture and ripening of Camembert cheese
made from milk contaminated with penicillin (Cheese No. 7)
or with S. cremorls C, (Cheese No. 8).
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Add starter ( 363
ml! 40 lb. milk)
Add mold ( 1 agar
slant/40 lb. milk)
Add rennet ( 4.8
ml! 40 lb. milk)
(92 F)
0:0
33.3 c
Cut curd
(92 F)
6.22
0:45 33.3 c
Dip curd into hoops
(92 F)
1:05 33.3 c
Hoops turned first time
3:05 24-29 c (75-84 F) I
Hoops turned second time 5:05 24-29 C (75-84 F)l 5.29
Add salt ( 69 g to cheese
from 40 lb. milk)
( 75-84 F)' 4.65
23:50
1

electrodes, whereas the pH of cheese was detennined with a
saturated calomel half-cell, gold electrode, and a Leeds and
Northrup portable potentiometer. Fat in cheese was dctennined by the Babcock procedure.

FATE

OF

ENTEROPATHOGENIC STRAINS

Behavior of E. coli during ripening of cheese
After overnight storage, cheese was removed from
hoops, salt was rubbed on the outside, and cheese

was moved to storage at 15.6 C (60 F) and high
humidity. During the first day at 15.6 C (60 F)
there was a further decline in number of E. coli in
cheeses made with the commercial lactic starter
culture (Fig. 1). This decline was not evident in
cheese made with S. cremoris c, or milk that contained
penicillin (Fig. 2).
The number of viable E. coli continued to decline
during storage at 15.6 C ( 60 F) of cheese made with
the commercial starter culture. In fact, cheese made
with E. coli 0124:B17 (5H4B) was free of viable
cells of this bacterium a:t the end of the 1-week storage at 15.6 C (60 F). Numbers of E. coli 0124:B17
(4H4A) and 0124:B17 (7H4A) in cheese were very
low at this point. In contrast to these observations,
7 days at 15.6 C (60 F) had essentially no effect on
E. coli in cheese made from milk that contained penicillin. There was a 10-fold decline during this time
in the population of E. coli in cheese made with S.
cremoris C1. The number of E. coli approximated
1o•;g at this point which is the lowest population
achieved in such cheese during the entire ripening
process.
Storage at 10 C (50 F) of cheese made with the
commercial starter culture was marked by a further
decrease in numbers of viable E. coli (Fig. 1). Cheese
made with E. coli 0124:B17 ( 4H4A) was free of viable cells of the bacterium, as measured by our tests,
after 1 week at 10 C (50 F). Another week was required to do the same when cheese contained E. coli
0124:B17 (7H4A). Five and 7 weeks at 10 C (50
F) were required to free cheese of E. coli 0125:B15
( 3H1C) and 0125: B15 ( 8H1B), respectively, whereas E. coli 0128:B12 persisted in the cheese for > 7
but < 9 weeks. Two strains of E. coli appeared to
grow slightly during the first week at 10 C (50 F).
This growth coincided with an increase in the pH
of the cheese.
Storage at 10 C (50 F) failed to eliminate viable
cells of E. coli from cheese made with S. cremoris
C1 or milk that contained penicillin (Fig. 2). Growth
of E. coli in cheese made with S. cremoris c, was
clearly evident during the first one-half of the holding
period. This was followed by a decline in numbers
during the second one-half but the population at the
conclusion of ripening still exceeded 104 /g. The
population of E. coli in cheese made from milk with
penicillin declined only slightly during storage at
10 C (50 F) and such cheese still contained > 1071g
when ripening was completed.
Limited growth of E. coli in Camembert cheese
during storage at 10 C (50 F) when the pH of the
cheese had increased caused us to further explore
the possibility that surviving cells might initiate
growth at this time and cause the cheese to become
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milk (average values from the two vats of cheese
appear as Cheese No. 8 in Fig. 2).
Relatively little growth of E. coli occurred during
the first 45 min of the cheesemaking operation during
which the rennet acted to coagulate milk held at
33 C (Fig. 1, Table 1). A marked increase in numbers of E. coli appeared during the interval between
cutting the curd and turning hooped cheese for the
second time. The increase during this time can be
attributed both to growth and concentration of cells
through entrapment in the curd. Such entrapment
accounts for a 10-fold increase in numbers and the
balance of the increase resulted from growth of E.
coli.
After taking into account the increase through entrapment of cells in curd, an average generation time
of 38 min was calculated for growth of E. coli in experiments reported in Fig. 1. This oornpares favorably with an average of 32 min reported as the generation time for ooliform bacteria during the interval between adding rennet to milk and milling the
curd in the manufacture of Cheddar cheese (21). It
also agrees well with the values of 35 and 36 min
reported as the generation time for SalmoneUa typhimurium during the same segment of the procedure used to make Cheddar oheese (6, 14). Generation times during the 260-min segment of the Camembert cheesemaking operation mentioned before
were different when S. cremoris c, (23 min) or antibiotic-contaminated milk ( 69 min) were used.
A marked decline in numbers of E. coli occurred
during overnight storage of all cheeses made with
normal milk and the commercial lactic starter culture. The pH of the cheese averaged 4.65 at this
point and the acid probably inactivated a portion of the
E. coli population. Other investigators (5, 8, 20, 21)
also have noted that coliform bacteria are either inhibited or inactivated by pH values of 5.0 or below
when they occur during production of Cheddar or
cottage cheese or in other cultured products.
The marked decline in number of E. coli during
overnight storage of hooped cheese failed to occur
when cheese was made with S. cremoris C1 or from
rnilk contaminated with penicillin (Fig. 2). In fact,
E. coli grew most rapidly during this time in the
latter cheese and approached a population of 10" /g.
The pH values of cheese made in these trials did
not drop as rapidly or as low as when normal milk
and a commercial lactic starter culture were used
(Fig. 1). This may account for growth of E. coli
in one and no inactivation in the other instance.
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highly contaminated with E. coli at the end of the
ripening period. Two-month old Camembert cheese,
pH 6.4, was contaminated with E. coli 0128:B12
to provide 10"-103 cells/g. The cheese and bacteria
were· thoroughly mixed, and portions were stored at
10 C (50 F) and 15.6 C (60 F). Viable E. coli
could not be recovered from the cheese two weeks
later. Although these limited observations do not
provide additional information about the apparent
limited growth of some E. coli strains in cheese at
(50 F), they do suggest that ripened Camembert
cheese is unfavorable for growth of this bacterium.
The reason for lack of growth by E. coli in the ripened cheese remains to be determined.
It is evident from the data obtained in these experiments that the behavior of E. coli was variable
during manufacture and ripening of Camembert
cheese. This variation was directly related to (a)
the kind and activity of the starter culture and (b)
the strain of
coli.
Production of Camembert cheese with few if any
E. coli cell'> can be achieved by (a) use 9f adequately
pasteurized antibiotic-free milk, (b) preventing contamination of the milk after it is pasteurized, and (c)
use of an active lactic starter culture that will promptly produce sufficient acid so that a pH value of approximately 4. 7 will be attained in cheese within
24 h.

