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Abstract As cheese is often frozen prior to microbiological analysis, the aim of this
study was to determine the survival of foodborne pathogens to freezing in cheese. A
semi-soft cheese was produced, in independent triplicate for each pathogen mix, using
milk inoculated with two pathogen mixes: Listeria monocytogenes+Staphylococcus
aureus and Escherichia coliO157:H7+Salmonella typhimurium. Three different strains
were used for each pathogen, except for E. coli O157:H7 for which two strains were
used. Cheeses were manufactured, wrapped in plastic bags and frozen at −20 °C. For the
E. coli O157:H7+S. typhimurium pathogen mix, the effect of different freezing condi-
tions on survival was studied. In all cases, the numbers of starter bacteria and pathogens
weremonitored in fresh cheese and after 2, 7, 30 and 90 days of storage. Twomethods of
thawing were compared after 30 days (14 h at 4 °C and 4 h at 20 °C). The numbers of
L. monocytogenes, S. aureus and starter bacteria did not change significantly during
frozen storage at −20 °C, but E. coli and S. typhimurium decreased significantly after
2 days. There was no significant (p>0.05) influence of the thawing method. Freezing of
cheese at −80 °C or flash freezing in liquid nitrogen only facilitated survival of E. coli
O157:H7 and S. typhimurium for 1 day. The study shows that cheese samples should not
be frozen prior to analysis for detection or enumeration of E. coli or S. typhimurium.
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1 Introduction

It is a relatively common practice to freeze milk or cheese samples prior to microbi-
ological analyses (Ansay and Kaspar 1996; Jakobsen et al. 2009). Many other studies
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give no information on whether or not samples were frozen. In addition, many
researchers do not see any issue with freezing samples prior to microbiological analyses
(personal communication). However, some food safety organisations, such as the Food
Safety Authority of Ireland, suggest that frozen storage has an impact on the cheese
microflora (FSAI 2005). The latest edition of the Standard Methods for the Examina-
tion of Dairy Products (Graham 2004) advises not to freeze cheese samples as it could
affect microbial populations. The International Commission on Microbiological Spec-
ifications for Foods (ICMSF) recommends that cheese samples be stored between 6 and
8 °C before analysis (ICMSF 1986). There is little data given to support this view, and
the view is not universally applied. Freezing is a widely used method for maintaining
viability of bacterial cultures, but this is normally achieved with a cryoprotectant, to
protect bacteria from the effects of the freeze-thaw process. Freezing bacteria in a food
matrix may have detrimental effects on bacterial viability.

Some previous studies have shown that not all bacterial populations survive in
frozen conditions in food. Coliform bacteria were sensitive to frozen storage in beef
(Luchansky et al. 2012) and in cheese (Ansay and Kaspar 1996). Ben Slama et al.
(2012) showed that numbers of Listeria monocytogenes, inoculated onto a sliced
cheese surface, decreased by about two log cycles after 6-month frozen storage.
Gunnarsdóttir et al. (2012) showed that coliforms and Salmonella were difficult to
detect after frozen storage of water, while the numbers of Streptococci and Gram-
positive bacteria in the water remained stable. In contrast, a study on cheese microflora
after 9-month frozen storage showed that the numbers of micrococci and staphylococci
tended to decrease over time, while total viable counts, lactic acid bacteria and mould-
yeast counts were similar throughout the 9 months (Prados et al. 2004). In a study by
Tejada et al. (2006), except for enterococci, counts of microorganisms (including
coliforms and Enterobacteriaceae) tended to decrease during 3-, 6- and 9-month frozen
storage in cheese. The rate of freezing did not influence the bacterial survival.

In milk, variable results have been obtained with regard to inactivation of pathogens
associated with mastitis during frozen storage at −20 °C. Murdough et al. (1996) and
Luedecke et al. (1972) reported no effect of freezing at −20 °C for 70 days and 6 weeks,
respectively. On the other hand, Schukken et al. (1989), using split samples stored at
−20 °C for different times, reported a decrease in the number of samples that were
positive for Escherichia coli during 16-week storage. Variation in the methodology in
these studies makes it difficult to draw any concrete conclusions.

The objective of this study was to determine if freezing at different temperatures (−20
and −80 °C), or thawing under different conditions, affected the survival of pathogens
during frozen storage of cheese. Four pathogens were monitored in two pathogen
combinations, as multiple pathogens can occur in food; a mix of E. coli O157:H7 and
Salmonella typhimurium and a mix of Staphylococcus aureus and L. monocytogenes.

2 Materials and methods

2.1 Strains and culture preparation

Pathogen strains were streaked onto the relevant selective agar [Xylose Lysine
Deoxycholate (XLD, Oxoid, Basingstoke, England) for Salmonella; ChromID
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O157 (Biomérieux, Marcy l’Étoile, France) for E. coli O157:H7; Agosti &
Ottaviani Listeria Agar (ALOA; Biomérieux) for L. monocytogenes; Rabbit Plas-
ma Fibrinogen (RPF agar; Oxoid) for S. aureus], and isolated colonies were
incubated in Brain-Heart Infusion broth (BHI; Merck, Darmstadt, Germany) at
37 °C for 14 h. Three strains were used for each pathogen, except for E. coli
O157:H7 where two strains were used. The strains of S. aureus used were strains
56, 517 and 526, which were isolated from milk, curd and cheese, respectively.
The strains of L. monocytogenes used were strain 757, isolated from a clinical
study, strain 1020, isolated from raw milk cheese and strain 1021, isolated from
the processing environment of a food business. One strain of S. typhimurium was
isolated from a pig carcass (strain 3784), while the two others were from Amer-
ican Type Culture Collection (ATCC; Manassas, Virginia, USA): S. typhimurium
ATCC 14025 and ATCC BAA-185. The strains of E. coli O157:H7 were the vt-
negative (non-toxigenic) strains P1432 and NCTC11290 which were isolated from
a patient with diarrhoea and obtained from the National Type Culture Collection,
respectively.

2.2 Cheese manufacturing

A semi-soft cheese was produced using heat-treated milk. The milk (full-fat
pasteurised milk) was purchased in a local supermarket (Spar, Fermoy) and was used
between 5 and 7 days before the ‘use by’ date. Fifteen litres ofmilkwas heated to 32 °C
in a vat, with gentle agitation. A sample was removed for microbiological analysis
(total bacterial counts and detection/enumeration of the four pathogens being studied).
Two hundred microlitres of the relevant pathogen mixture [in 10% reconstituted
skimmed milk (RSM), Kerry Ingredients and Flavour, Charleville, Ireland] were
added to the vat, resulting in a concentration of approximately 100 cfu.mL− for each
pathogen. A liquid starter culture DPC4268 (Lactococcus lactis 303, Hansens, Cork,
Ireland), pre-incubated for 16 h at 25 °C in sterile 10%RSM,was added to themilk at a
concentration of 1.5%when the temperature reached10 °C.Themilkwas ripeneduntil
the pHdroppedbelowpH6.5,when rennetwas added (Chymax,Chr.Hansens; 2.5mL
mixed with 150mL of sterile distilled water) under gentle agitation. Curd knives were
introduced prior to coagulation, and the milk was left to set for approximately 75min.
The curd was cut into cubes of about 1 cm cubed and left for 5 min. The cut curd was
stirred for 5 min, then cooked to 36 °C (with a 1° increase every 5 min) and stirred for
30 min to a pH of approximately 6.4. One third of the whey was drained, and moulds
were filled to obtain 7–8 fresh cheeses. The cheeses were turned every 30 min for 2 h,
then coveredwith tin foil and left for 15 h. Cheeseswere brined for 75min (24%NaCl,
0.02%CaCl2) and allowed to drain for 10min. The temperature and pHwere recorded
at each step to monitor the consistency of the cheese-making process. Cheeses were
placed individually (in aerobic conditions) in blender bags, wrapped, labelled and put
into a domestic freezer at −20 °C. Three batches of 7–8 cheeses were made for each of
the twopathogenmixes, in addition to threebatchesofnon-inoculatednegative control
cheeses. The cheese was made with each pathogen mix on three independent
occasions.

To compare the effect of different freezing conditions on pathogen survival,
cheeses were manufactured with a mix of the same E. coli O157:H7 and
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S. typhimurium strains and were frozen at −20 or −80 °C, or flash-frozen in liquid
nitrogen and then stored at −20 °C. Samples were thawed at room temperature for
4 h prior to analysis.

2.3 Sampling and analysis

The protein, fat and lactose concentrations of the milks were measured by infrared
analysis (Milkoscan FT 6000, Foss Electric, Denmark). Determination of the
somatic cell count was carried out based on flow cytometry technology
(Fossomatic FC 300, Foss Electric, Denmark). Total bacterial count and
lactococcal bacterial count were measured by plating the milk on nutrient agar
(Oxoid) and L-M17 Agar (Merck KGaA), respectively. Plates were incubated at
37 °C for 24 h and at 30 °C for 48 h, respectively. The presence of Salmonella
was detected by sampling 25 mL of milk into 225 mL of Buffered Peptone Water
(Oxoid), incubated at 37 °C for 24 h. Then 1 mL of the mix was transferred into
9 mL of Rappaport-Vassiliadis Salmonella broth (RVS broth, Oxoid) and incubat-
ed at 37 °C for 24 h. The broth was then plated onto XLD agar plates and
incubated at 37 °C for 24 h. The presence of E. coli O157:H7 was detected by
sampling 25 mL of milk into 225 mL of Modified Tryptone-Soya Broth (MTSB;
Oxoid), incubated at 37 °C for 24 h, then plated onto selective agar (ChromID
O157:H7) and incubated at 37 °C for 24 h. The presence of L. monocytogenes was
detected by sampling 25 mL of milk into 225 mL of half Fraser Broth (Merck
KGaA), incubated at 30 °C for 24 h. From this enrichment, 0.1 mL was inoculated
in 10 mL of full Fraser Broth at 37 °C for 48 h. From the first and second
enrichment broths, 20 μL was spread onto ALOA agar and incubated at 37 °C for
48 h. The presence of S. aureus was detected by spreading 0.1 mL of milk onto a
RPF agar plate which was incubated at 37 °C for 24–48 h.

Cheeses were thawed at 4 °C for 14 h. From each cheese, 25 g was blended with
225 mL of Trisodium Citrate (TSC; VWR, Leuven, Belgium) and mixed in a Stom-
acher for 3 min. Starter bacteria, L. monocytogenes, S. aureus, S. typhimurium and
E. coli O157:H7 numbers were determined by plating appropriate dilutions on M17
agar, ALOA, RPF agar, XLD agar or ChromID O157:H7 agar, respectively, and
incubated at the appropriate temperature, as described above. Numbers were deter-
mined at day zero (without freezing) and at days 2, 7, 30 and 90. On each occasion,
bacterial counts were determined in quintuple for each pathogen. In order to compare
different thawing procedures that could be used in different laboratories, the cheeses
were also thawed at 20 °C for 4 h on day 30, and numbers were compared with thawing
at 4 °C for 14 h.

The pH was measured by inserting a pH probe (Hanna pH 211, Woonsocket, RI,
USA) into the cheeses. Water activity was determined using an AquaLab water activity
meter (Series 3 TB, Decagon Devices Inc., Pullman, WA, USA).

2.4 Statistical analysis

Three independent replicates of each cheese were made, and bacterial counts were
determined by plating five samples from each batch at each sampling point. Data from
plate counts (cfu.mL−1 or g−1) were transformed to log10 values and the average and
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standard deviation calculated. The results were analysed using the ‘one-way ANOVA’
test (GraphPad InStat; Graph Pad Software, La Jolla, CA., USA), with multiple
comparisons. Significant differences are reported at a p value of <0.05.

3 Results

3.1 Physicochemical characteristics of the milk/cheese

The fat, protein and lactose concentrations of the milk did not vary in the milk used for
manufacturing different cheese batches (data not shown). The physicochemical prop-
erties of the cheese batches were similar on all occasions (Table 1) and did not show
any evidence of conditions that could influence the survival of bacteria in a different
way in the different batches. No pathogens were detected in the milk prior to inocu-
lation, and starter culture numbers in the cheese were consistent over the experimental
period at about 9 log cfu.g−1 (data not shown).

3.2 Survival of pathogens at −20 °C

During cheese manufacture, the numbers of all pathogens increased, resulting in
apparent growth. However, as bacteria concentrate by a factor of approximately tenfold
in the curd during the transition from the liquid to the solid phase, this increase in
numbers is not necessarily growth. The numbers for each pathogen were 2.76±
0.22 log cfu.g−1 for L. monocytogenes, 2.39±0.37 log cfu.g−1 for S. aureus, 3.63±
0.83 log cfu.g−1 for E. coli O157:H7 and 3.14±0.93 log cfu.g−1 for Salmonella in
freshly made cheese.

During freezing, there was little or no decrease in L. monocytogenes numbers
between fresh cheese and cheese after 2, 7 or 30 days at −20 °C. After 90 days at
−20 °C, the numbers decreased significantly (p<0.05), except that the numbers of
S. aureus remained constant over the 90-day period in the freezer (Fig. 1). The numbers
of E. coli O157:H7 and S. typhimurium decreased rapidly when cheese was stored at
−20 °C (Fig. 1). At day 2, S. typhimurium numbers were below the detection limit of
the method (1 log cfu.g−1), while E. coli O157:H7 numbers decreased from 3.63±0.83
to 2.04±0.40 log cfu.g−1. The numbers of E. coli O157:H7 were below the detection
limit of the method (1 log cfu.g−1) at day 7. After 90 days, E. coli O157:H7 were

Table 1 Characteristics of the milk and cheese manufactured with different pathogens added to the cheese/
milk. The value for each batch of cheese manufactured is shown

Negative control L. monocytogenes+S. aureus E. coli+S. typhimurium

Batch 1 2 3 1 2 3 1 2 3

pH (final) 4.94 4.84 4.87 4.85 4.64 4.69 4.85 4.98 4.84

Milk temperature 12 12 12 12 12 12 12 12 12

Curd temperature 33 31 31 32 32 32 29 29 32

aw (final) 0.994 0.996 0.991 0.997 0.992 0.991 0.994 0.984 0.986
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detectable by enrichment in all cheeses, and S. typhimurium were detectable by
enrichment in two of the three batches.

3.3 Effect of the thawing method on cell viability

At day 30, the cheeses were thawed by two different methods (4 °C for 14 h or 20 °C
for 4 h) and the numbers of starter bacteria, L. monocytogenes and S. aureus compared
(at this timepoint, the numbers of E. coli O157:H7 and S. typhimurium were below the
detection limit). The numbers of L. monocytogenes were 2.53±0.34 and 2.65±0.25
when thawed at 4 °C for 14 h and 20 °C for 4 h, respectively, while the numbers of
S. aureus were 2.35±0.27 and 2.25±0.46, respectively. The numbers of starter culture
were 9.88±0.41 and 9.67±0.44, respectively. Thus, there was no significant difference
(p>0.05) in the counts obtained by the different methods (Fig. 2).
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Fig. 1 The effect of freezing at −20 °C on the survival of Listeria monocytogenes (black diamond),
Staphylococcus aureus (black square), Salmonella typhimurium (white circle) and Escherichia coli
O157:H7 (white triangle) in cheese thawed at 4 °C for 14 h. The average value of five analyses from each
of three independent experiments is shown, with the standard deviation as error bars
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Fig. 2 The effect of thawing at 4 °C for 20 h (grey bar) and 20 °C for 4 h (black bar) on the survival of
Listeria monocytogenes, Staphylococcus aureus and starter bacteria in cheese. The average value of five
analyses from each of three independent experiments is shown, with the standard deviation as error bars
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3.4 Effect of freezing method and temperature

New batches of cheese were manufactured with the mixture of strains of E. coli
O157:H7 and S. typhimurium. The cheeses were either kept at 4 °C, frozen at −20 or
−80 °C, or frozen rapidly in liquid nitrogen and kept at −20 °C. E. coli O157:H7 and
S. typhimurium behaved similarly. When frozen at −80 °C, the numbers remained
similar to those determined in fresh cheese for 1 day. After 1 day, the numbers
decreased rapidly (Fig. 3). When frozen at −20 °C or flash-frozen in liquid nitrogen,
the numbers were decreased at day 1 compared to the numbers detected in fresh cheese.
At day 2, the numbers were below the detection limit of the test (1 log cfu.g−1) (Fig. 3).

4 Discussion

The results of this study clearly showed that there is a considerable difference in
survival of Gram-positive and Gram-negative bacteria during storage of cheese at
−20 °C. The characteristics of the milk and cheese-making process were similar for
all batches of cheese, and so the cheese matrix per se did not have any influence on the
different survival behaviours of the pathogens. In all cases, similar results were
obtained with all three replicates of each pathogen mix. There were some relatively
minor differences between the two Gram-positive bacteria. Equal numbers of S. aureus
were found after 90 days at −20 °C, whereas the numbers of L. monocytogenes started
to decrease slightly after 30 days. Both of the Gram-negative bacteria were consider-
ably decreased after 2 days at −20 °C, S. typhimurium to a greater extent. However, in
most cases, the Gram-negative bacteria were still detectable by enrichment, even after
90 days of storage.

Normally, vegetative cells of Gram-positive bacteria are more resistant to environ-
mental stresses than vegetative cells of Gram-negative bacteria (Silhavy et al. 2010).

Fig. 3 Effect of freezing at −20 °C (black square), −80 °C (black triangle) and flash-freezing in liquid
nitrogen followed by storage at −20 °C (black circle) on the survival of A Salmonella typhimurium and B
Escherichia coli O157:H7 in cheese. All counts were below the detection limit (1 log cfu.g−1) at day 2. The
average values of duplicates are shown, and all values were within 15% of the average
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The results from the current study showed that this observation also applies to
freezing resistance. Indeed, a study by Gunnarsdóttir et al. (2012) showed that
coliforms and Salmonella decreased after frozen storage of water, while the
numbers of Streptococci and Gram-positive bacteria remained stable. Coliforms
have also been shown to be sensitive to frozen storage in beef (Luchansky
et al. 2012) and in cheese (Ansay and Kaspar 1996). The difference in survival
between Gram-positive and Gram-negative species may be due to the cell wall
structure differences between these bacterial groups. Gram-positive bacteria
have a cell wall with a thick mucopeptide backbone layer, while Gram-
negative bacteria have a thin middle membrane which would provide minor
protection against stress. In addition, as the cheeses had a high water activity
(0.993±0.004), this water could increase the pressure within the cheese when
freezing, leading to a greater effect on Gram-negative bacteria. The presence of
lactic acid has been shown to act as a permeabiliser to the outer membrane of
Gram-negative bacteria, including E. coli O157:H7 and S. typhimurium
(Alakomi et al. 2000). Thus, lactic acid present in cheese could enhance the
deleterious effect of freezing on the cell.

Freezing at −80 °C degrees is considered to promote better survival of bacteria.
Rapid freezing (for example in liquid nitrogen) is another strategy that may increase
survival of bacteria. However, neither of these strategies increased the survival of
E. coli O157:H7 or S. typhimurium in cheese (Fig. 3).

As each cheese was inoculated with a mixture of pathogens, it is possible that there
were interspecies interactions that influenced survival (Ronan et al. 2013). However, in
reality, the occurrence of two pathogens in the same cheese is likely; therefore, this
method of artificial inoculation was used. Further experiments would be required to
eliminate the possibility of interactions between the pathogens.

Freezing cheese samples prior to analysis for Gram-negative bacteria will compro-
mise the results. The idea that cheese samples can be frozen prior to analysis may have
arisen from an increase in emphasis on molecular studies. Detection of DNAwill not be
compromised by freezing, so there is a need to re-emphasise that molecular studies are
different from studies focused on detection or enumeration of viable cells, which may
be compromised by freezing the samples.

Freezing samples for chemical analysis is also widely practiced. The results of this
study emphasise that data on the effect of freezing on the analyte being measured should
be obtained in order to design a freezing strategy that does not compromise the analysis.
For example, Power et al. (2013) showed that freezing samples prior to analysis of
flukicides compromises the results for analysis of these residues.

5 Conclusions

From this study, it can be concluded that cheese samples should not be frozen prior to
analysis for detection or enumeration of E. coli O157:H7 and S. typhimurium, but
samples can be frozen prior to analysis of S. aureus and L. monocytogenes, although
the time for freezing samples prior to L. monocytogenes analysis should not exceed
30 days. Further study is required to determine if this freezing strategy can be extended
to other foods.
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