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ABSTRACT

The objective of this study is to estimate the metabolic activity and survival of
bioluminescence Escherichia coli O157:H7 (a chromosomally lux-marked strain) during
production and storage of yogurt.The effect of temperature on activity and survival of E.
coli O157:H7 during the production of yogurt were studied by incubating inoculated milk
at 43°C, 40 °C and 37 °C. The results showed that E. coli O157:H7 activity and cell
counts increased immediately in all yogurt samples at the beginning stagesof
fermentation then they declined to nearly of the initial levels at the end of fermentation.
During storage yogurt at three different initial levels of pH (4.6, 4.3 and 4.0), significant
differences (»<0.001) were found in cell activity and viable cellcount of Escherichia coli
O157:H7, indicating that low pH provided ideal conditions to inhibit the activity of
pathogens. The cell activity and survival of E. coli O157:H7 were significantly different
during storage at three different temperatures (4 °C, 12 °C and 25 °C). At 25 °C, E. coli
O157:H7 activity and cell counts were significantly lower (P<0.001) compared with
other storage temperatures. Bioluminescence (metabolic activity) helps to track E.coli
O157:H7 growth and survival during manufacture and storage of yogurt and interact with
their acidic environments as a rapid assay method. Therefore, it can provide notice on the
way of eliminating E.coli O157:H7 in the dairy products to avoid these pathogens.
INTRODUCTION

Enterohemorrhagic Escherichia coli (EHEC) is an important food borne pathogen which
has been linked with a variety of illnesses in humans including haemolytic uraemic
syndrome and the diarrhea, hemorrhagic colitis (1). E. coli O157 H7 have been isolated
from different animal products like meat and dairy products, several infection outbreaks

have shown that this pathogen can present in foods with low pH (2). An outbreak of
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Escherichia coli O157:H7 infection has been linked to the consumption of yogurt (3).
The survival of E. coli O157:H7 in fermented dairy products, specifically cheese and
yoghurt for up to several days or weeks demonstrates the potential health risks linked
with post-processing infection of even low levels of this pathogen in various dairy
products (4). Although fermented milk products are considered safe due to their acidic
environments and pH less than 4.6, a wide verity of acid food such as mayonnaise, apple
cider and yogurt have been involved to be linked with some outbreaks of E. coli O157:H7
infection. (5 ,3). Persistence of this pathogen in yogurt demonstrations the ability of E.
coli O157:H7 to tolerate the acidic environments(3). In addition, it has been found E. coli
O157:H7 having the ability to adapt to acidic dairy foods during fermentation and
enhance the survival of this pathogen in these products (6). The acid tolerance and
adaptation of E. coliO157:H7 is believed to play a key role in foodborne infections by
fermented milk(7). Survival of E. coli O157:H7 in fermented dairy products has been
studied by many researchers over yearsE. coli O157:H7 was survived for up to 12 days in
yoghurt at pH 4.0(4).Also, it was shown that E. coli O157:H7 to be survived in yoghurt
for 7 days during storage at 4 °C (8). While other studies have foundthat E. coli O157:H7
survived for up to 21 days during refrigerator storage (5-7 °C) of kefir
(9).Bioluminescent bacteria have been used as an indicator of survival of this pathogenic
bacteriumin dairy products (10).The /ux-marked genes, which encode bioluminescence,
have been effectively used in studies of the behavior of microorganisms in their
environment(11). Lux-marked E. coli O157:H7 strain could help us to determine the
interactions between this pathogenic bacteria with starter culture in various fermented
dairy products and under variety of storage conditions. Therefore, The purpose of this
research was tostudy this bioluminescent construct to investigate the metabolic activity

and survival of E. coli O157:H7 during production and storage conditions of yoghurt.

MATERIALS AND METHODS

Cultures
The chromosomally /ux-marked (Tn5 luxCDABE) of E. coli O157:H7 has been used as a

test strain in this study (11). Commercial Direct Set Lyophilized starter (Chr. Hansen)

278



Bas.J.Vet.Res.Vol.17, No.2, 2018. ISI Impact Factor:3.461

including Streptococcus thermophilus and Lactobacillus delbrueckii ssp. bulgaricus have

been used as the starter culture in yogurt production.

Production and storage of yogurt

Cow’s milk was used to prepare yoghurt samples. Milk was heated to 85 °C, held there
for 30 min and then cooled to 45 °Cthen added starter culture (Streptococcus thermophilus
and Lactobacillus delbrueckii ssp. Bulgaricus)to milk at levels recommended by the
company.Inoculated milk was divided into three parts.The first part of milk was
contaminated with Escherichia coli O157:H7to obtain the desired final concentration of
approximately 10° CFU/mL, then incubated at 37°C, 40°C, 43 °C until the desired
acidity.The second part incubated at 43 °C until its acidity reached pH about 4.6, then
contaminated with Escherichia coli O157:H7 E. coli 0157 10° CFU/g, then stored at room
temperature (25 °C), 12 °C and 4 °C for 14 days. The third part incubated at 43 °C and
fermentation process continued until the desired acidity (pH 4.6, 4.3 and 4.0), then
contaminated with Escherichia coli O157:H710° CFU/ gand stored at refrigerated
temperature 4 °C for 14 days.

Preparation of E. coli O157:H7 inoculum

Bacterial inoculum was prepared from a fresh overnight culture (LB broth; Difco Ltd,
Teddington, Surrey, UK; 18 h, 37 °C, 150 rpm) of bioluminescence E. coli O157:H7 in
stationary growth phase. Cells were washed and concentrated by centrifugation.An
inoculum (1 mL) of the mixture at the appropriate dilution was added to 99 mL of milk
and mixed thoroughly in sterilised screw-cap bottles to obtain the desired final

concentration of approximately 10° CFU/g.

Survival and metabolic activity of E. coliO157:H7
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Metabolic activity of E. coli O157:H7 in milk was measured at 0 (immediately after
inoculation of milk), 30, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330, 360, 390, 420
min(pre-fermentation parts during production) and 0 (immediately after inoculation of
yogurt), 1, 2, 4, 6, 8, 10, 12 and 14 days (post- fermentation during storage). At each
time-point, a 1 mL aliquot from samples used for the enumeration study detailed above
was placed into a plastic luminometer cuvette and its luminescence (RLU) was
determined using a SystemSURE plus Pi-102 Luminometer (Hygiena International Ltd.,
UK).A parallel experiment was designed to assess variations in the survival of E. coli
O157:H7 among the different yogurt types (pre-fermentation and post-fermentation).E.
coli O157:H7 cells were enumerated at 0 (immediately after inoculation of milk), 30, 60,
90, 120, 150, 180, 210, 240, 270, 300, 330, 360, 390, 420 min until its acidity reached pH
about 4.6 for pre-fermentation parts and 0 (immediately after inoculation of yogurt),1, 2,
4, 6, 8, 10, 12 and 14 days for post-fermentation parts. Yogurt samples were serially
diluted in Ringer solution (Oxoid), and serial dilutions were plated onto CT-SMAC and
incubated at 37 °C for 18 to 24 h. Non-sorbitol fermenting E. coli O157:H7 colonies were
confirmed by agglutination with a latex test kit (Oxoid DR0620).

pH determined:

Yogurt samples pH values during fermentation and storage were measured with a
standard pH meter (Hanna instruments pH 211). Calibration was performed using two
standard buffer solutions at pH 4.0 and 7.0.

Statistical analysis

The changes in E. coli O157:H7 cell counts and cell activity (bioluminescence), and pH
values during the 14 days incubation period were subjected to ANOVA tests and Tukey's
test with significance at p< 0.05 using the statistical package SPSS 18.0 software (SSPS
Inc, Chicago, Illinois, USA)

RESULTS AND DISCUSSION
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Metabolic activity and cell count of E. coliO157 in yogurt samples during
fermentation

Metabolic activity ofE. coliO157 during fermentation at different temperatures (37°C,
40°Cand 43 °C) of yoghurt shown in Figure. 1. At 37 °C, E. coli O157:H7 cell activity
increased from 3.09 to 5.68 log;o RLU after 240 min during the fermentation period, then
the activity decreased to 2.67 logio RLU at the end of fermentation period (pH about 4.6).
At 40°CE. coli O157:H7 increased from to 3.17 to 5.79 log;o RLUduring 210 min of
incubation, then decreased to 4.22 log;o RLU at the end of fermentation period. After 90
min of fermentation at 43°CE. coli O157:H7 activity increasedabout 2.0 log from initial
activity of 3.31 to 5.33 1 log;o RLU, then decreased to 2.56 log;o RLU at the end of
fermentation period (210 min).The count of E. coliO157 during the fermentation of milk
at 37, 40 and 43 °C are shown in Fig 2. The count £. coliO157 increased from 5.02, 5.21
and 5.13 log CFU/mLto 7.98, 7.89 7.12 during fermentation and reduced to4.22,4.88 and
4.35 log CFU/mLat end of fermentation period at incubation temperatures 37, 40 and 43
°C, respectively. The pH values decreased from 6.68,6.71 and 6.72 to 4.6 at the end of
the fermentation period 410, 300 and 210 min during the incubation temperatures at 37,

40 and 43 °C, respectively. (Figure. 3)
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Figure: 1. Metabolic activity as measured by luminescence (RLU), of E. coli O157 in
yogurt samples during fermentation Values represent mean =+ standard error (n = 3).
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Figure:2. Cell counts (CFU/mL), of E. coli O157 in yogurt samples during fermentation.
Values represent mean + standard error (n = 3).
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Figure:3pH of yogurt samples during fermentation. Values represent mean + standard
error (n = 3).

Luminescence directly reports on bacterial metabolic activity which represents a
prerequisite for host infection (12,13,14). Our luminescence measurements show that, in
general metabolic activity of E. coli O157 increase rapidly, then decreases rapidly during

fermentation period at high temperature. The study has shown that E. coli O157 can grow
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easily in the early stages of fermentation because pH and other antimicrobial substances
produced by yogurt starters are limited (15). It was shown that E. coli O157:H7 survives
the fermentation environments of yogurt at temperatures of 42°C up to 5 h (8).However,
other researchers have found that E. coli O157:H7 cannot survive fermentationconditions
of yogurt containing lactic acid bacteria starters at temperature of 47°C (16). According
to (17), E. coli O157:H7 can survive and proliferate during fermentation of yogurt at
temperatures 25 °C and 37 °C. In a study done by (18) E. coli O157:H7 does not grow
well at 44°C to 45.5°C. In another study a E. coli O157:H7 grows best within a
temperature range of 30°C to 42°C, the optimal temperature being 37°C (19). Whilst
other studies have also demonstrated that E. coli O157:H7 can survive and proliferate
during preparation and storage of yogurt, this study additionally revealed a corresponding

increase in the pathogen’s metabolic activity at different temperatures of fermentation.

Metabolic activity and cell count of E. coliO157 in yogurt samples during storage at

different pH

Significant difference (p< 0.001) was shown among metabolic activity and cell counts of
E. coliO157 during storage of yogurt samples at pH 4.6, 4.3 and 4.0. (Figure 4). The cell
activity dropped afterwards in all yogurt samples, with that at pH 4.6 reaching zero on
day14, that at pH 4.3 on day 12 and that at pH 4.0 samples on day 8. Viable cells number
of E. coli O157:H7 in these yogurt samples decreased to undetectable level after 12 days
and 14 days at pH 4.0 and 4.3, respectively. (Figure 5); whereas that at pH 4.6 the count
of E. coli O157:H7 declined about 3-log cycle during storage periods. Although E. coli
O157:H7 cells donot grow, it can survive at refrigeration temperature. The results clearly
indicate a correlation between the drop in pH levels and the corresponding decline in
metabolic activity and cell counts of E. coli O157:H7 in yogurt. In this study, pH values
at which E. coli O157:H7 are eliminated are in agreement with previous studies, E. coli

O157:H7 decreased from 0.8 to 1.76 log , CFU/mL in yogurt (pH 4.4-4.5) made with

yogurt starterafter 7 days of storage at temperature of 4°C (8). It was reported that E. coli
O157:H7 (10° CFU/ g ) survived storage conditionsof low pH levels of 4.0 , but did not
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5
grow (20). The viable cells number of E. coli O157:H7 decreased from 10 CFU/mL
toundetectable level in yogurt (pH 4.1) after 35 days of storage at temperature of 4 °C
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Figure:4. Metabolic activity as measured by luminescence (RLU), of E. coli
O157 stored at pH 4.6,4.3, and 4.0. Values represent mean + standard error (n =
3).
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Figure:5. Cell counts (CFU/g), of E. coli O157 stored at pH 4.6,4.3, and 4.0. Values
represent mean =+ standard error (n = 3).

Metabolic activity and cell count of E. coliO157 in yogurt samples during storage
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at different temperatures

The cell activity (luminescence) and survival of E.coli O157:H7 were significantly
different (p< 0.001)during storage at 4°C, 12°C and 25 °C (Figure.6,7).Initial cell activity
of E. coli O157:H7 were reduced from 3.14 log;o RLU to undetectable level after 14 days
storage at 4 °C, whereas that at 12°C and 25 °C, E. coli O157:H7 cell activity reached to
undetectable level after 8 and 4 days of storage periods, respectively.E. coli O157:H7
counts decreased from 5.11 CFU /gto 1.88 CFU /gat 4 °C during storage 14 days. Initial
of E. coli O157:H7 count were reduced from 5.05CFU /gto undetectable level after 12
days, whereas that at 25 °C E. coli O157:H7 counts decreased sharply from 5.19 log CFU
/gto zero after 8 days. The pH values decreased from 4.58,4.61 and 4.62 to 4.22, 3.56 and
3.04 at the end of the storage period (14 days) at 4°C, 12°C and 25°C, respectively.
(Figure.8). The Results showed that storage temperature affected on metabolic activity
and the survival of the pathogen in yogurt. When comparing the results of yoghurt stored
at cold storage at 4 °C to those of yoghurt stored at 12°C at 25 °C it has found that E.coli
O157 are inhibited more rapidly at 25 °C. Studies have indicated that E. coli O157:H7 die
off faster at room temperatures (= 25 °C) than at 4°C storage. Although, at 25 °C E. coli
O157:H7 failed to maintain its contamination level and decreased undetectable level after
5 days of storage (Figure.8). When comparing the results of yoghurt stored at cold
storage at 4 °C to those of yoghurt stored at 12 °C at 25 °C it was found that E.coli O157
are inhibited more rapidly during storage at high temperatures. These observations are
similar to that reported in previous studies. Many researchers were indicated that E. coli
O157:H7 die off faster at room temperatures (£ 25 °C) than at 4 °C storage. It was found
that the survival of E. coli O157:H7 in traditional African yoghurt were significantly
lower during storage at 25 °C compared with 4 °C (22)E. coli O157:H7 survived up to 17
d at both 4 °C and 10 °C in yogurt with pH 4.47 (10). It was found that E. coli O157:H7
cell activity reduced faster in different types milk during storage at 20 °Cthan at 4 °C
storage (23). The fairly earlier decline of E. coli O157:H7 metabolic activity at 25 °C
could be related with the low pH of the yogurt stored at this temperature. One of the
reasons for the reduced survival of E.coli O157 at 25 °C can be of an increasing level of
lactic acid generated by the starter culture. At 25 °C pH declines faster and this has an
effect of inhibiting growth of E. coli O157:H7 at a much faster rate than at low
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Figure:6. Metabolic activity as measured by luminescence (RLU) of E. coli O157 stored
at 4°C, 12°C, and 25 °C. Values represent mean + standard error (n = 3).
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Figure:7. Cell counts (CFU/g), of E. coli O157 stored at 4°C, 12°C, and 25 °C. Values
represent mean =+ standard error (n = 3).
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Figure: 8.pH values of yogurt samples stored at 4°C, 12°C, and 25 °C. Values represent
mean =+ standard error (n = 3)

CONCLUSIONS

In this study it has been found that the fermentation temperature used to produce yoghurt
definitely affect the metabolic activity and survival E. coli O157:H7. The overall results
demonstrate that E. coli O157:H7 has the ability to grow during first stages of milk
fermentation and the pathogen can survive until the end period of fermentation. The
faster fermentation, at a higher fermentation temperature of 43 °C, E. coli O157:H7 cell
activity and count in milk sample increases rabidly and then progressively declines at the
end of the’ incubation. In contrast, fermentation at the lower temperatures of 37 °C or 40
°C was longer. The results of the present study showed that both the initial pH values and
the temperatures during storage are significant (P<0.001) factors on the survival and
metabolic activity of E. coli O157:H7. According to the results obtained from this study,
It has been found that E. coli O157:H7 survives in yoghurt during fermentation and
storage period even at low pH. Metabolic activity has helped us understand the details of
bacterial ecology. This has permitted a detection of pathogen behavior during yogurt
fermentation and storage and this can give the future studies to find biological control

systems for pathogen.
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