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A B S T R A C T   

Cheese products may serve as vehicles for transmission of foodborne pathogens, causing disease outbreaks, 
particularly when unpasteurized raw milk is used for cheese production. Therefore, the adequacy of a 60-day 
aging period for raw milk Cheddar cheese to eliminate Escherichia coliO157:H7 and Listeria monocytogenes was 
evaluated. The changes in cheese components and characteristics of pH, Aw, coliform, and LAB were examined 
during the ripening process. Cheddar cheese was manufactured from raw milk artificially spiked with 1, 3, or 5 
log CFU/mL L. monocytogenes or E. coliO157:H7. When compared with the pasteurized samples, the unpas
teurized samples exhibited slightly lower pH values and similar aw values. No coliform were observed in the 
pasteurized cheese, whereas over 5-log CFU/g of coliform were found in the cheese made from unpasteurized 
milk during the early phases of ripening. However, coliform were completely eliminated from the cheese made 
from unpasteurized milk within five weeks. In contrast, while the level of LAB was initially 2-log lower in the 
cheese made from pasteurized milk than that derived with unpasteurized milk, the number of LAB between the 
two cheese preparations equalized within five weeks. Although L. monocytogenes numbers decreased significantly 
to below the detection limit (1-log CFU/g) during ripening, viable cells were isolated from all the inocula. 
E. coliO157:H7 cells also significantly decreased to below the detection limit during ripening at all the inocu
lation levels. However, viable cells were still detected. Thus, a 60-day ripening process alone may not be suf
ficient for elimination of contaminating pathogens.   

1. Introduction 

Although regarded as highly nutritious in many countries, cheese 
products have served as a vehicle for many outbreaks of food poisoning 
(Rodriguez et al., 2005; Schlesser et al., 2006). In particular, cheese 
manufactured from unpasteurized raw milk has been regarded as an 
important cause of the transmission of food-borne pathogens, including 
Escherichia coliO157:H7, Listeria monocytogenes, Salmonella spp., Yersinia 
enterocolitica, and Campylobacter spp. (Batz et al., 2012; Leong et al., 
2014). A total of 87 outbreaks causing 750 laboratory-confirmed ill
nesses and 215 hospitalizations in the United States (US) between 2009 

and 2014 were reported to have been associated with milk and cheese 
consumption (Costard et al., 2017). Staphylococcus aureus, Salmonella 
spp., Listeria monocytogenes, Escherichia coliO157:H7 and Campylobacter 
account for the most frequent potential pathogens associated with the 
consumption of milk or dairy products and are the main microbiological 
hazards linked to raw milk products and raw cheese (Jakobsen, 
Heggebø, Sunde, & Skjervheim, 2011; Claeys et al., 2013; Kousta et al., 
2010; Verraes et al., 2015; Yang et al., 2012). Because dairy cows are a 
reservoir of E. coli, which produce Shiga toxin, raw milk may be 
contaminated with the enterohemorrhagic serotypes, such as 
E. coliO157:H7, at the farm level (Wells et al., 1991; D’Amico et al., 
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2010). In addition, Listeria monocytogenes, which can grow and survive 
at low temperatures, is also considered a threat for the raw-milk‒based 
cheese manufacturing (bib_Johnson_et_al_1990Johnson, Nelson, & 
Johnson, 1990a, 1990b). 

The US Food and Drug Administration (FDA) established the cheese 
standards to define the requirements for pasteurization; as an alterna
tive, cheese made from raw milk could be ripened at least 60 days at 1.7 
◦C to reduce the number of viable pathogens in the product (Ryser and 
Marth, 1989; Schlesser et al., 2006). However, cheese made from un
pasteurized milk was strictly banned in South Korea until 2015. 

After the implementation of the free trade agreement (FTA) between 
Europe and the USA, the Ministry of Food and Drug Safety (MFDS) of 
Korea revised the processing standards and ingredient specifications of 
livestock products. Accordingly, the use of raw milk to be used for 
cheese ripened over 60 days was excluded from the pasteurization 
conditions to harmonize with the international standards, eliminate 
trade frictions related to the exports and imports, and create a basis for 
the production of diverse products. 

However, various studies have suggested that even the minimum 60- 
day ripening period permitted for the manufacture of unpasteurized 
raw-milk‒based cheese is not sufficient for the elimination or significant 
reduction of the microbiological hazards (Ryser and Marth, 1989; 
Reitsma and Henning, 1996; Schlesser et al., 2006; D’Amico et al., 
2010). With increasing numbers of studies reporting alternative 
methods to treat for cheese made from unpasteurized raw milk, it seems 
necessary to reconsider the requirement of the ripening for 60 days at 
1.7 ◦C. Although several studies have examined reductions in the levels 
of various pathogens by the 60-day ripening process, few studies have 
specifically evaluated changes in the levels of E. coliO157:H7 and Listeria 
monocytogenes in cheddar cheese (the most frequently consumed cheese 
in South Korea) made from raw milk that was artificially inoculated with 
various concentrations of these microorganisms. 

Thus, the objective of this study was to evaluate the adequacy of the 
60-day aging period to eliminate E. coliO157:H7 and Listeria mono
cytogenes from raw-milk‒based cheddar cheese. The composition of the 
cheese, and changes in its pH, water activity (aw), and the levels of non- 
pathogenic microorganisms, such as coliform bacteria and lactic acid 
bacteria (LAB), were also examined during the ripening process. 

2. Materials and methods 

2.1. Manufacturing of raw milk-based cheddar cheese 

The raw milk was regularly provided by Konkuk Milk Dairy & Ham 
Company (Seoul, Korea) and tested for the total number of bacteria, 
coliforms, generic E. coli, and the presence of naturally contaminated 
E. coliO157:H7 or Listeria monocytogenes according to the methods 
described in the MFDS Bacterial Analysis Manual (Ministry of Food and 
Drug Safety of Korea (MFDS), 2018). Assuming that raw milk could be 
contaminated with pathogens during the collection step, cheddar cheese 
was manufactured from raw milk artificially spiked with E. coliO157:H7 
or Listeria monocytogenes. E. coliO157:H7 (FS_12) isolated from a dairy 
food was provided by FDA’s Center for Food Safety and Applied Nutri
tion (College Park, MD, USA), and Listeria monocytogenes (ATCC 51776) 
originated from a dairy product of Belgium was purchased from ATCC 
(Manassas, VA, USA). E. coliO157:H7 (FS_12) or Listeria monocytogenes 
(ATCC 51776) suspensions were incubated overnight in tryptic soy 
broth (Oxoid) and inoculated into 20 L of raw milk at an approximate 
density of 101–105 CFU/mL raw milk. Twenty liters of raw milk artifi
cially inoculated with the pathogen was placed into a 100-L rectangular 
stainless steel cheese vat (model FT20, Armfield, Hampshire, UK). 
Cheddar cheese samples were manufactured from both pasteurized and 
unpasteurized milk and aged up to nine weeks (63 days). For the 
preparation of cheddar cheese made from pasteurized milk, raw milk 
was heated at 65 ◦C for 30 min according to the method recommended 
by the MFDS (Ministry of Food and Drug Safety of Korea (MFDS), 2018). 

Milk was heated at 32 ◦C for 45 min after the addition of 1% commer
cialized starter culture (Songeun Co., Seoul, Korea) containing Lacto
bacillus delbrueckii subsp. bulgaricus and Streptococcus thermophiles. 
Liquid animal rennet (19 mL/100 L; MaysaGida San ve Tic, Istanbul, 
Turkey) diluted 1:9 in sterile deionized water was added and heated at 
32 ◦C for another 45 min. Once curd formation occurred, the coagulum 
was cut into pieces (0.5 × 0.5 cm) with stainless steel wire knives fol
lowed by mild stirring for 15 min. The temperature was increased to a 
cooking temperature of 39 ◦C for 30 min. Stirring was continued until 
the pH reached 6.2, and the whey was then drained. The curd mat was 
made by turning the curd upside down, and the curd mat was then 
further cheddared to reach a pH of 5.4. The curd was milled into small 
pieces (1.5 × 1.5 cm), and the pieces were salted (2%) and mixed for 5 
min. The curd was then transferred into cheese molds and pressed 
overnight on a 24-kg cheese press for 24 h. After pressing, the blocks 
were dried for 2 days and then placed in a sterilized plastic bag (Kpac 
Co., Seoul, Korea). The plastic bags were vacuum sealed using a vacuum 
sealer (Interise, Seoul, Korea), followed by aging at 15 ◦C for up to nine 
weeks (63 days). Cheddar cheese samples manufactured from both 
pasteurized and unpasteurized milk were aged and aseptically collected 
every week during aging. 

2.2. Changes in the pH and aw values of the samples during the ripening 
step 

The aw and pH values of the ripening cheese samples were also 
measured during all the tested periods. The aw values were measured 
with AquaLab (Decagon Devices Inc., Pullman, WA, USA), and pH was 
determined using an Orion 3-star pH-Benchtop (Thermo Fisher Scien
tific, Hudson, NH, USA). The measurements of aw and pH values were 
repeated three times and averaged. Enumeration data were log- 
transformed using Microsoft Excel 2010 in all analyses. 

2.3. Quantitative detection of bacteria during the ripening step 

For the enumeration of Listeria monocytogenes and E. coliO157:H7, 
25-g cheese samples were cut and suspended in 225 mL of Butterfield’s 
phosphate-buffered water (BPD, Difco) and then homogenized for 2 min 
using a BagMixer stomacher (Interscience, St. Nom, France). After 
stomaching, 1 mL of homogenate was serially diluted in BPD, and each 
dilution was then inoculated onto five Oxford agar plates for Listeria 
monocytogenes or sorbitol MacConkey agar plates (SMAC; Difco) for 
E. coliO157:H7 (0.2 mL for each plate). The plates were incubated at 30 
◦C for Listeria monocytogenes and at 37 ◦C for E. coliO157:H7 for 24 h, 
and the presumptive positive colonies were enumerated. The enumer
ation was repeated three times, and the numbers of positive colonies for 
the three trials were averaged. Enumeration data were log-transformed 
using SPP software in all analyses (version 17.0.1, SPSS, Inc., Chicago, 
IL, USA). 

2.4. Qualitative detection of pathogens during the ripening step 

For the isolation of Listeria monocytogenes, 25 g of food was placed in 
225 mL of Listeria enrichment broth (Difco) and then homogenized in a 
BagMixer stomacher (Interscience) for 2 min. After enrichment at 30 ◦C 
for 24 h, a 0.1-mL aliquot of the pre-enrichment culture was transferred 
into 10 mL of a secondary enrichment Fraser broth (Difco) and incu
bated at 37 ◦C for 24 h. A loopful of the enrichment broth was streaked 
on Oxford agar and incubated at 37 ◦C for 24 h. Suspected colonies with 
black halos on Oxford agar were selected and biochemically confirmed 
using a Vitek 2 system GP kit (bioMerieux, France). 

For qualitative detection of E. coliO157:H7, 25-g samples were mixed 
with modified tryptic soy broth (mTSB) supplemented with novobiocin 
(20 mg/L, Oxiod) and homogenized for 2 min. After enrichment at 37 ◦C 
for 24 h, the broth cultures were streaked onto Sorbitol MacConkey agar 
(SMAC: Difco) and incubated at 37 ◦C for 24 h. Suspected colonies were 
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identified with colony PCR analysis targeting the stx gene, as previously 
described (Feng & Monday, 2000). 

2.5. Enumeration of coliform bacteria and LAB 

One milliliter of each sample homogenized with BPD as described 
above was serially diluted in BPD, followed by inoculation of 0.2 mL of 
each sample onto five 3M petrifilms (3M, St. Paul, MN, USA) and MRS 
agar plates (Difco) for enumeration of coliform bacteria and LAB, 
respectively. The plates or petrifilms were incubated at 37 ◦C for 24 h 
under aerobic or anaerobic conditions, and presumptive positives were 
then enumerated. The enumeration was repeated three times; the 
numbers of positive colonies from all the three trials were averaged. 

3. Results and discussion 

3.1. Changes in the pH and aw values of cheddar cheese samples during 
ripening 

Changes in the aw and pH values of cheddar cheese samples during 
ripening are summarized in Table 1. All the pH values of the pasteurized 
and unpasteurized cheeses during this time were consistently between 
4.98 and 5.26 or 4.77 and 5.09, respectively (Table 1). The aw values 
varied little among the cheese samples tested, ranging from 0.95 to 0.98 
in both types of cheeses (Table 1). Compared with pasteurized samples, 
unpasteurized samples showed lower pH values and similar aw values; 
however, the differences were minimal (Table 1). These ranges were 
similar to those reported in another study (Leong et al., 2014), in which 
the pH and aw values of natural cheddar cheese were shown to range 
from 4.99 to 5.28 and 0.96 to 0.98, respectively. 

It has been shown that pH is a critical parameter that affects the 
textual properties of cheese (Lawrence et al., 1987; Lee & Lee, 2008). 
The slightly lower pH of cheese made from unpasteurized milk at the 
early period of aging may be associated with the higher number of LAB 
which last up to 3 weeks of ripening. Formation of the lactic acid occurs 
at the beginning of the fermentation during the early phase of the 
ripening period, whereby the pH value of the cheese is decreased (Lee & 
Lee, 2008). 

3.2. Changes in coliform bacteria and LAB during ripening 

Changes in coliform bacteria and LAB are also presented in Table 1. 
According to the Korea Food Code, coliform bacteria is an important 
indicator of the quality of processed cheese (Ministry of Food and Drug 
Safety of Korea (MFDS), 2018). Cheese made from pasteurized milk 

should be free from coliform bacteria (Khayat et al., 1988). In this study, 
no coliform bacteria were observed in pasteurized cheese, whereas over 
5-log CFU/g coliform bacteria was present in cheese made from un
pasteurized milk during the early ripening period (Table 1). However, 
coliform bacteria in cheese made from unpasteurized milk were 
completely eliminated within 5 weeks (Table 1). 

Although the level of LAB was 2-log lower in the cheese made from 
pasteurized milk than that in the cheese made from unpasteurized milk, 
the number of bacteria was similar between the two cheese preparations 
approximately five weeks later during the ripening stage. The lower 
number of LAB in the cheese made from pasteurized milk during the first 
stage of ripening may be due to elimination of the naturally present LAB 
in the raw milk during the heating step. Leong et al. (2014) have re
ported that inhibitory compounds generated during manufacturing of 
cheese, including free fatty acids and metabolites of LAB, result in dif
ferences in pathogen growth during unrefrigerated storage. 

3.3. Reduction and survival of pathogens during ripening 

Raw milk was tested for the presence of naturally contaminating 
E. coliO157:H7 or Listeria monocytogenes. Only the samples determined 
to be free of those pathogens were used for the experiments requiring 
inoculation in order to exclude potential false positives resulting from 
natural contamination. Changes in Listeria monocytogenes and 
E. coliO157:H7 during the ripening are shown in Tables 2 and 3, 
respectively. Compared with the number of cells of Listeria mono
cytogenes and E. coliO157:H7 inoculated in the raw milk samples, that in 
manufactured cheese on day 0 was increased by approximately 
0.32–1.69 log unit (Tables 2 and 3), indicating possible growth near the 
optimum temperature during the cheese-manufacturing process 
(Schlesser et al., 2006). Pathogens are known to be able to survive and 
even grow during the production of cheddar cheese, following concen
tration and entrapment of bacterial pathogens in the curd (Reitsma & 
Henning, 1996; Maher et al., 2001; D’Amico et al., 2010). 

Artificial inoculation of pathogens indicated that Listeria mono
cytogenes and E. coliO157:H7 could survive after a 60-day ripening stage, 
regardless of the inoculation level (Table 2). Although Listeria mono
cytogenes numbers were significantly decreased to below the detection 
limit (1-log CFU/g) after 56 days of ripening, viable cells were isolated 
in all inoculums using the enrichment isolation procedure (Table 2). In 
the case of E. coliO157:H7, cells were significantly decreased to below 
the detection limit (1-log CFU/g) after 56 days of ripening for all the 
inoculation levels. However, viable cells were still detectable in the 
samples with high and medium inoculation levels. No pathogens were 
observed in the cheese made from pasteurized milk (Table 3). 

There have been few studies on the behavior of Listeria mono
cytogenes in Cheddar cheese during ripening. Ryser and Marth (1989) 
found that Listeria monocytogenes can survive during ripening for more 
than one year. However, this previous study differed from the study 
presented here because Ryser and Marth (1989) inoculated Listeria 
monocytogenes into pasteurized whole milk, indicating that the 
contamination of milk had occurred after pasteurization or during cold 
storage of the pasteurized milk before the cheese was made. Dalmas
soand Jordan (2014) have investigated Listeria monocytogenes in natu
rally contaminated cheddar cheese made from raw milk at the farm 
level. They have found that Listeria monocytogenes levels never exceed 
20 CFU/g in raw-milk cheeses and could not be detected after aging. 

Various levels of E. coliO157:H7 for inoculation were tested, and it 
was found that the pathogens could be completely eliminated if small 
numbers of cells were contaminated in raw milk. However, E. coliO157: 
H7 was not totally eliminated and could be detected by enrichment 
culture in the samples inoculated with medium to high numbers of cells. 
Similar results were reported in previous studies about E. coliO157:H7 in 
cheese. D’Amico et al. (2010) reported that they could still detect viable 
E. coliO157:H7 cells after >270 days of aging in Gouda and stirred-curd 
cheddar cheeses made from milk inoculated at 20 CFU/mL. Reitsma & 

Table 1 
Changes in pH, water activity, lactic acid bacteria, and coliform bacteria during 
the ripening stage of cheddar cheese manufactured from pasteurized or unpas
teurized raw milk.  

Days pH aw Lactic acid 
bacteria (log CFU/ 
g) 

Coliform (log 
CFU/g) 

P* U* P U P U P U 

0 4.98a 4.86a 0.96a 0.95a 4.65b 6.60a ND** 5.72a 

7 5.15a 4.77b 0.96a 0.97a 4.65b 6.00a ND 3.28a 

14 5.15a 5.09a 0.98a 0.97a 5.45b 6.85a ND 2.87a 

21 5.12a 4.78b 0.97a 0.98a 5.23b 5.99a ND 1.00a 

28 5.20a 4.85b 0.96a 0.98a 6.94a 6.48b ND 1.78a 

35 5.26a 4.91b 0.96a 0.97a 6.99a 6.92a ND ND 
42 5.14a 4.91a 0.96a 0.96a 7.00a 6.43b ND ND 
49 5.18a 4.83b 0.95a 0.97a 6.52a 6.51a ND ND 
56 5.09a 4.90a 0.97a 0.96a 7.28a 6.68b ND ND 
63 5.13a 5.00a 0.95a 0.96a 6.93a 6.26b ND ND 

*P, pasteurized raw milk; U, unpasteurized raw milk. 
**Under the detection limit (i.e., < 1-log CFU/g). 
abDifferent letters within a row indicate a significant difference (p < 0.05). 
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Henning (1996) showed similar results in their study, where viable 
E. coliO157:H7 was detected in cheddar cheese made from milk that had 
been inoculated at 103 CFU/mL for up to 158 days using an enrichment 
procedure. The differences between the results of this study and those of 
previous studies may be due to the variations in the strains used, 
ripening temperatures, and cheese manufacturing processes. 

The observed reductions in pathogen numbers during the ripening 
period may result from the extended exposure to low pH, the starter 
culture, low temperatures, and high salt concentrations (Hudson et al., 
1997; D’Amico et al., 2010). However, high acid tolerance, resistance to 
fermentation by-products, survival during storage at 4 ◦C, and high salt 
tolerance may allow these pathogens to survive in cheddar cheese 
(Reitsma & Henning, 1996). Moreover, expression of virulence factors 
within the cheese matrix may be altered over time by prolonged expo
sure to salt, acid, low temperatures, low moisture, and the presence of a 
starter culture (D’Amico et al., 2010). Further studies are needed for a 
better understanding of these factors. 

Despite the survival of pathogens during the ripening stage, the re
ported incidences of illness outbreaks linked to raw-milk cheeses are low 
in comparison with those linked to cheeses made with pasteurized milk 
(D’Amico et al., 2010). Recently, various pathogens such as Salmonella 
spp., Listeria monocytogenes, and E. coliO157:H7 have been implicated in 
food poisoning outbreaks related to cheeses produced from pasteurized 
milk (Centers for Disease Control and Prevention, 2013; Leong et al., 
2014). The infrequent occurrence of pathogens in raw milk products 
may explain this observation. Indeed, several studies have reported that 
Listeria monocytogenes and E. coliO157:H7 are rarely found in raw milk 
products. Previous studies have reported that the incidence of 
E. coliO157:H7 in raw milk used for raw milk cheese is much lower 

(<1%) than that reported for milk in general (D’Amico et al., 2008, 
2009, 2010). The number of pathogens present at levels below the in
fectious dose after ripening may also explain the low incidence of 
foodborne illnesses from raw milk products. In this study, the numbers 
of Listeria monocytogenes and E. coliO157:H7 were less than 10 cells after 
a 60-day ripening period, indicating that the number of cells was too low 
to cause food poisoning (Table 3). In previous studies, researchers have 
shown that Listeria monocytogenes does not pose a public health risk up to 
100 CFU/g, even in young, old, pregnant, or immunosuppressed in
dividuals (Dalmasso & Jordan, 2014; Ross, 2011, pp. 25–81). 

This study indicated that the 60-day ripening process alone may not 
be sufficient to effectively eliminate contaminating pathogens, i.e., Lis
teria monocytogenes and E. coliO157:H7, in cheddar cheese made from 
unpasteurized raw milk, particularly at medium (103 CFU/g) or high 
(105 CFU/g) contamination levels. Some researchers have suggested 
effective alternative methods for pathogen removal. For example, sub
pasteurization heat treatment may be applied as an additional method 
for the elimination of pathogens (Reitsma & Henning, 1996; Schlesser 
et al., 2006). A minimum heat treatment of 64.48 ◦C for 16 s in com
bination with the 60-day aging would be an alternative option to 
eliminate vegetative pathogens effectively without any adverse effects 
on the quality of the product (Johnson et al., 1990a, 1990b; Reitsma & 
Henning, 1996). Using bacteriocin or nisin-producing starter cultures or 
high-pressure treatments would also be an effective control method for 
the inhibition of undesirable pathogens in cheeses made from raw milk 
(Ramasaran et al., 1998; Rodriguez et al., 2005). 

Therefore, the adequacy of a 60-day aging period for raw milk 
Cheddar cheese to eliminate Escherichia coliO157:H7 and Listeria mon
ocytogenes was evaluated. The changes in cheese components and 

Table 2 
Quantitative and qualitative detection of L. monocytogenes in cheddar cheese manufactured from unpasteurized raw milk during the ripening stage (unit: log CFU/mL).  

Days The size of initial inoculums 

High (5-log CFU/mL) Medium (3-log CFU/mL) Low (1-log CFU/mL) 

Quantitative Qualitative Quantitative Qualitative Quantitative Qualitative 

0 6.69a (+) 3.32b (+) 1.74c (+) 
7 5.91a (+) 4.08b (+) 1.94c (+) 
14 5.86a (+) 4.32b (+) 2.08c (+) 
21 5.81a (+) 3.86b (+) 2.18c (+) 
28 5.56a (+) 3.04b (+) 1.99c (+) 
35 4.00a (+) 2.71b (+) 1.62c (+) 
42 2.23a (+) 1.57b (+) 1.26c (+) 
49 ND* (+) 1.11a (+) ND (+) 
56 ND (+) ND (+) ND (+) 
63 ND (+) ND (+) ND (+) 

*Under the detection limit (i.e., < 1-log CFU/g). 
ab) Different letters within a row indicate a significant difference (p < 0.05). 

Table 3 
Quantitative and qualitative detection of E. coli O157:H7 in cheddar cheese manufactured from unpasteurized raw milk during the ripening stage (unit: log CFU/mL).  

Days The size of initial inoculum 

High (5-log CFU/mL) Medium (3-log CFU/mL) Low (1-log CFU/mL) 

Quantitative Qualitative Quantitative Qualitative Quantitative Qualitative 

0 5.56a (+) 3.85b (+) 2.78c (+) 
7 5.38a (+) 3.77b (+) 1.23c (+) 
14 3.83a (+) 3.08b (+) ND (+) 
21 4.04a (+) 1.56b (+) ND (+) 
28 4.89a (+) 1.38b (+) ND (+) 
35 3.40a (+) ND (+) ND (+) 
42 3.28a (+) ND (+) ND (+) 
49 1.99a (+) ND (+) ND (+) 
56 ND* (+) ND (+) ND (+) 
63 ND (+) ND (+) ND (− ) 

*Under the detection limit (i.e., < 1-log CFU/g). 
ab Different letters within a row indicate a significant difference (p < 0.05). 
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characteristics of pH, Aw, coliform, and LAB were examined during the 
ripening process. Cheddar cheese was manufactured from raw milk 
artificially spiked with 1, 3, or 5 log CFU/mL L. monocytogenes or 
E. coliO157:H7. When compared with the pasteurized samples, the un
pasteurized samples exhibited slightly lower pH values and similar aw 
values. No coliform were observed in the pasteurized cheese, whereas 
over 5-log CFU/g of coliform were found in the cheese made from un
pasteurized milk during the early phases of ripening. However, coliform 
were completely eliminated from the cheese made from unpasteurized 
milk within five weeks. In contrast, while the level of LAB was initially 2- 
log lower in the cheese made from pasteurized milk than that derived 
with unpasteurized milk, the number of LAB between the two cheese 
preparations equalized within five weeks. Although L. monocytogenes 
numbers decreased significantly to below the detection limit (1-log 
CFU/g) during ripening, viable cells were isolated from all the inocula. 
E. coliO157:H7 cells also significantly decreased to below the detection 
limit during ripening at all the inoculation levels. However, viable cells 
were still detected. Thus, a 60-day ripening process alone may not be 
sufficient for elimination of contaminating pathogens. 

In conclusion, although naturally present coliform bacteria were 
completely inactivated as early as 5 weeks of aging for raw milk Cheddar 
cheese, L. monocytogenes or E. coliO157:H7 that were artificially inocu
lated at three different levels survived the entire 60-day aging period 
indicating the ripening process alone may not be sufficient for complete 
inactivation of contaminating pathogens. 
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