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Summary

Isolates of Enterohaemorrhagic E.coli O157:H7 were isolated from 51 and 41 of locally
produced bovine and ovine soft cheese samples. Their identification were confirmed based on the
biochemical reactions and both the morphological cultural and serological properties. Presumptive
E.coli O157:H7 isolates obtained by using the conventional selective plating on the chromogenic
agar were tested further for the presence of both O157 and H7 antigenes using the latex
agglutination test antisera. The current microbiological studies revealed that 31 (33.70 %) out of 92
bovine and ovine soft cheese samples were positive for E.coli O157:H7. The highest non significant
(P>0.05) prevalence level of E.coli O157:H7 was found in the ewe’s soft cheese samples (36.59 %)
followed by cow’s soft cheese samples (31.37 %). Agar well diffusion bioassay method was used
for measuring the antibacterial activity of the crude bacteriocin that was produced by Lactobacillus
rhamnosus GG-ATCC against Escherichia coli and the closely related sensitive strains such as
L.acidophilus LA-K and L.acidophilus ROO52. The crude bacteriocin that was produced by the
L.rhamnosus GG-TACC exhibited significantly (P<0.05) the highest antibacterial potency (100 %)
against both the closely related strains of lactobacilli and the stressed E.coli O157:H7 by the
activation of the LPS. The activation of the natural LPS of inoculated pasteurized milk had
significantly (P<0.05) influenced the inactivation degree of the crude bacteriocin against E.coli
0157:H7. There was a significant (P<0.05) reduction in the viable counts of stressed E.coli
O157:H7 after each exposure time period (6, 24 and 48 hrs.) to the crude bacteriocin at room
storage temperature. An overall conclusion on the basis of the current results pointed out that
complete elimination of viable bacterial cells was not achieved neither in the stabilized milk
(Activation of LPS) nor after subjecting the stabilized milk to the action of the crude bacteriocin
produced by L.rhamnosus GG-ATCC at room storage temperature.
Keywords: Enterohaemorrhagic E.coli O157:H7, Raw milk, Lactobacillus rhamnosus GG-
ATCC, Lactoperoxidase.

Introduction E.coli (STEC) espicially the serotype 0157

Milk is a perishable food which is highly that could be found in their feces and
susceptible to bacterial spoilage since it can be approximately 75% of the haemorrhagic colitis
regarded as a good medium for the growth and outbreaks were linked to the consumption of
multiplication of different kinds of spoilage bovine derived products such as raw milk that
and pathogenic bacteria (1 and 2). Milk could be contaminated with such organism
provides all the essential nutrients with a through the milking process. Cattle were the
suitable physical environment to the bacteria. major reservoirs and source of human
In Irag milk is produced by a large of small infection which harbored the E.coli O157:H7
holders with small quantities of milk leading in their intestinal tracts without showing any
to both the milk collection and delivery to the clinical symptoms (5 and 6). This condition
dairy processing plant time consuming. The forced the milk producers to detect simple
time delay from milking to delivery was method for raw milk preservation which could
exceeding to six hours which negatively affect not pose health hazard to the consumers (7).
the quality of non refrigerated milk (3). Tokar Crude bacteriocin that extracted from
and Teger (4) mentioned that the cattle were a Lactobacillus  rhamnosus GG-ATCC in
natural reservoir for the shiga toxin producing combination with activation of the naturally
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lactoperoxidase  system  provide  new
opportunities for controlling the pathogenic
E.coli O157:H7 and extending milk shelf life
(8). This study aimed to inactivate the vital
metabolic bacterial enzymes with blocking
their metabolism and ability to multiply by the
synergistic antibacterial effect of the crude
bacteriocin that extracted from L.rhamnosus
GGATCC in combination with the activated
LPS against E.coli O157:H7 in raw milk that
stored at room temperature (30°C).

Materials and Methods

Isolates of Enterohaemorrhagic E.coli
O157:H7 were isolated from 51 and 41 of
locally produced bovine and ovine soft cheese
samples. Their identification were confirmed
based on the biochemical reactions and both
the morphological cultural and serological

properties. Presumptive E.coli 0O157:H7
isolates that obtained by using the
conventional  selective plating on the

chromogenic agar were tested further for the
presence of both 0157 and H7 antigenes using
the latex agglutination test antisera. The crude
bacteriocins  were obtained from the
Lactobacillus rhamnosus GG-ATCC,
Lactobacillus  acidophilus  LA-K, and
Lactobacillus acidophilus ROO52, These
strains were cultured in MRS broth under
anaerobic conditions at 37 “C for 24 hrs. and
the supernatant fluid was separated from
bacterial cells by centrifugation at 5000 rpm
for 30 minutes. The supernatant was collected
and its PH was adjusted to 7.0 by using sterile
IN NaOH so as to rule out the inhibition
caused by the production of organic acids
(lactic acid and acetic acids). The supernatant
then was filtered through a syringe filter with
pore size of 0.45 um, then heated at 70°C for 5
min. to prevent inactivation of antibacterial
peptides by protease and to kill the bacterial
cells and then stored at refrigeration
temperature 4°C. Agar well diffusion bioassay
method was wused for measuring the
antibacterial activity of the crude bacteriocin
that was produced by Lactobacillus rhamnosus
GG-ATCC against Escherichia coli and the
closely related sensitive L.acidophilus LA-K
and L.acidophilus ROO52. Pasturized whole
milk was experimentally inoculated with a
fixed initial number of 1x10° cfu /ml of E.coli
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0157:H7 and then subjected to the action of
the crude bacteriocin after the activation of its
natural lactoperoxidase system by using pour
plating method on VRB agar and also using a
well diffusion bioassy method.

Results and Discussion

The current  microbiological  studies
revealed that 31(33.70 %) out of 92 bovine
and ovine soft cheese samples were positive
for E.coli 0O157:H7. The highest non
significant P>0.05 prevalence level of E.coli
0157:H7 was found in the ewe’s soft cheese
samples (36.59%) followed by cow’s soft
cheese samples (31.37%). The data revealed
that there was non-significant P>0.05
prevalence level of E.coli O157:H7 isolation
between the above mentioned two types of soft
cheese samples from AL-Karkh district.
(Table, 1).

Table, 1: The prevalence of E.coli O157:H7 in bovine
and ovine soft cheese samples that were collected
from AL-Karkh district of Baghdad city.
Source No. of No. of
of cheese samples positive
samples examined samples

16

Positive
samples
%

51
41 15
92 31

X,=0.3 Non significant differences between sheep’s and
cow s soft cheese.

31.37
36.59
33.70

Cows
Sheep

Total

One gram positive bacterial strain including
L.acidophilus LA-K and one gram negative
bacterial strain including E.coli O157:H7 were
screened by agar well diffusion assay method
for the antimicrobial potency of the crude
bacteriocin that produced by the L.rhamnosus
GGA-TCC. The antimicrobial spectrum
exhibited by the crude bacteriocin that
produced by the L.rhamnosus GG-ATCC
against the sensitive strain of L.acidophilus
LA-K and both the non stressed E.coli and the
E.coli O157:H7 that subjected to a stress
action through the activation of milk s
lactoperoxidase system is shown in (Table,
2). The average diameter of the clear inhibition
zone of the crude bacteriocine that produced
by the L.rhamnosus GG-ATCC against the
closely related strain of L.acidophilus LA-K
was 16 mm. The test organisms Escherichia
coli and E.coli O157:H7 were resistant to the
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crude bacteriocin that was produced by the
L.rhamnosus GGATCC and absence of clear
inhibition zone was detected for each of them
after their treatment with the crude bacteriocin
and such results were in agreement with (9 and
10).

Table, 2: The antimicrobial spectrum of the crude
bacteriocin produced by Lactobacillus rhamnosus
GG-ATCC against L.acidophilus LA-K, E.coli, E.coli
0157:H7 and stressed E.coli O157:H7 by agar well
diffusion assay.
Crude
bacteriocin organism  Activity zone
of diameter
lactobacillus (mm)

Sensitive Bacteriocin Inhibition Potency

%

SRR L.acidophilus
GG-ATCC LA-K

(+) ve

L.rhamnosus E.coli (-)ve 0 0
GG-ATCC
L.rhamnosus E.coli (-)ve 0 0
cleNelon  O0157:H7
L.rhamnosus S 1 EeRRED]
GG-ATCC E.coli (+) ve 16 100

0157:H7

by LPS

X,=80 significant differences among types of bacteria, (-)
ve: Negative result (no inhibition zone), (+) ve: Positive
result (with inhibition zone).

The crude bacteriocin that was produced by
L.rhamnosus GG-ATCC against E.coli O157:
H7 that subjected to a stress condition through
the activation of the natural lactoperoxidase
system in milk was 16 mm. The crude
bacteriocin that was produced by the L.
rhamnosus GG-ATCC exhibited significantly
P<0.05 the highest antimicrobial potency
(100%) against both the closely related strain
of L.acidophilus LA-K and stressed E.coli
O157:H7 by the activation of the LPS while
exhibited significantly P<0.05 the lowest
antimicrobial potency (0%) against both
Escherichia coli and non stressed E.coli
0157:H7 which were exhibited resistance to
the crude bacteriocin that was produced by
L.rhamnosus GG-ATCC where no clear
inhibition zone was detected after their
treatment with the crude bacteriocin.
Activation of the natural lactoperoxidase
system of raw milk had significantly P<0.05
influenced the antimicrobial potency of the
crude bacteriocin against E.coli O157:H7.
When the outer membrane of the gram
negative bacterial cells was injured by the
activation of the natural lactoperoxidase
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system, the permeation of the crude
bacteriocins to the cytoplasmic membrane was
facilitated (11). Kieckens (12) reported that
activation of the natural LPS distrupted the
permeability of the E.coli outer membrane and
causing periplastic leakage and sensitization to
Nisin.

The average mean log values (log cfu/ml)
of total aerobic bacterial counts in raw milk
samples that were stabilized by the activation
of their natural LPS and subjected to the action
of the crude bacteriocin that produced by
L.rhamnosus GG-ATCC and stored at room
temperature (30°C) over the four time periods
of 0, 6, 24 and 48 hrs. are shown in (Table, 3).
Activation of the LPS produced a significant
P<0.05 reduction of the total aerobic bacterial
counts, where the average mean log value of
the starting initial bacterial counts in raw milk
was significantly P<0.05 decreased from
6.98+0.108 (96x10° cfu /ml) at O hr. to
6.3620.121 (23x10°> cfu/ml), 5.98+0.105
(97x10* cfu/ml) and 5.30+0.102 (25x10*
cfu/ml) after 6, 24 and 48 hrs. of room storage
temperature respectively. The current data
revealed that significant P<0.05 differences in
the average mean log values of total aerobic
bacterial counts were found between the
control stabilized raw milk samples and
those that subjected to the action of the crude
bacteriocin over the time periods of 0, 24
and 48 hrs. but non-significant P>0.05 at 6
hrs. of milk storage at room temperature.
There was a significant P<0.05 reduction in
the total numbers of aerobic bacterial cells
survivors after each exposure time from
hours 0 to 48 of milk storage at room
temperature. The average mean log value of
the starting initial bacterial counts in the
control activated raw milk samples decreased
significantly P<0.05 from 6.98+0.180 (96x10°
cfuml) to 6.39+0.075 (38x10° cfu/ml)
immediately after exposure to the crude
bacteriocin at 0 hr. and to 6.17+0.038 (15x10°
cfu/ml), 5.38+0.074 (44x10* cfu/ml) and
4.68+0.011 (50x10° cfu/ml) after 6, 24 and 48
hrs. of exposure to the action of the crude
bacteriocin at room storage temperature
respectively.
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Table, 3: Effect of crude bacteriocin produced by
L.rhamnosus GG-ATCC in combination with
activated Lactoperoxidase system (LPS) on the total
aerobic bacterial counts (cuf/ml) in raw milk at
about 2-3 hours after morning milking then stored at
room temperature (30°C).

Total bacterial counts

('log cfu/ ml)

Storage
period

Activation of Activation of

(Hours) LPS (Control) LPS+Bacteriocin
MeanzSE MeanzSE
6.98+0.180 6.39+0.075
0 hr. 96x10° 38x10°
Aa Ab
6.36+0.121 6.17+0.038
23x10° 15x10°
Ba Ba
5.98+0.105 5.38+0.074
97x10* 44x10*
Ba Cb
5.30+0.102 4.68+0.011
25x10* 50x10°
Ca Db

LSD=0.6, Different capital letters in a column revealed
significant differences (P<0.05) between hours of storage
period. Horizontal different small letters revealed
significant differences (P<0.05) between the mean values of
total aerobic bacterial counts, S.E: Standared Erorr.

The average mean log values (log cfu/ml)
of total coliform counts in raw whole milk
samples that were stabilized by the activation
of their natural LPS and subjected to the action
of the crude bacteriocin that produced by the
L.rhamnosus GG-ATCC and stored at room
temperature (30°C) over the four time periods
of 0, 6, 24 and 48 hrs. are shown in (Table, 4).
Under the conditions used, activation of the
natural LPS produced a significant P<0.05
decrease in the total coliform counts with time
of milk storage at room temperature, where the
average mean log value of the starting initial
coliform counts in raw whole milk was
significantly ~ P<0.05  decreased  from
5.76+0.169 (81x10* cfu/ml) at 0 hr. to
5.43+0.111 (31x10* cfu/ml), 4.88+0.098
(83x10° cfu/ml) and 4.59+0.107 (45x10°
cfu/ml) after 6, 24 and 48 hrs. of room storage
temperature respectively. The time of exposure
of stabilized raw milk samples to the action of
the crude bacteriocin at room storage
temperature had a significant P<0.05 influence
on the counts of total coliform bacterial cells
survivors from hours 0 to 48. There was a
significant P<0.05 decrease in the numbers of
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coliform bacterial cells survivors after each
exposure time period from hours 0 to 48 of
milk storage at room temperature. The average
mean log value of the starting initial coliform
counts in the control activated raw milk
samples decreased significantly P<0.05 from
5.76+0.169 (81x10* cfu/ml) to 5.12+0.135
(16x10" cfu/ml) immediately after exposure to
the action of the crude bacteriocin at 0 hr. and
to 4.73+0.134 (59x10° cfu/ml), 4.32+0.053
(22x10% cfu/ml) and to 3.78+0.125 (7x10°
cfu/ml) after 6, 24 and 48 hrs. of exposure to
the action of crude bacteriocin at room
storage  temperature  respectively.  The
activated raw milk samples that subjected to
the action of the crude bacteriocin exhibited
significantly P<0.05 the highest antimicrobial
effectiveness against the viable coliform
bacterial cells in raw milk samples after 48
hrs. of room storage temperature.

Table, 4: Effect of crude bacteriocin produced by
L.rhamnosus GG-ATCC in combination with
activated lactoperoxidase system (LPS) on the total
coliform counts (cfu/ml) in raw milk at about 2-3
hours after morning milking then stored at room
temperature (30°C).

Coliform counts
(log cfu/ml)
Storage
Period
(Hours)

Activation of
LPS+Bactriocin

Activation of
LPS (Control)

MeanzSE MeanzSE
5.76+0.169 5.12+0.135
81x10* 16x10*
Aa Ab
5.43+0.111 4.73+0.134
31x10* 59x10°
Ba Bb
4.88+0.098 4.32+0.053
83x10° 22x10°
Ca Cb
4.59+0.107 3.78+0.125
45x10° 7x10°
Da Db

LSD=0.3, Different capital letters in a column revealed
significant differences (P<0.05) between hours of storage
period. Horizontal different small letters revealed
significant differences (P<0.05) between the mean values of
coliform counts, S.E: Standared Erorr.

The average mean log values (log cfu/ml)
of total psychrotrophic bacterial counts in
raw whole milk samples that were stabilized
by the activation of their natural LPS and
subjected to the action of the crude bacteriocin
that produced by L.rhamnosus GG-ATCC
and stored at room temperature over the
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periods of 0, 6, 24 and 48 hrs. are shown in
(Table, 5). The psychrotrophic viability loss
was enhanced by the activation of the LPS
with the storage time. The average mean log
value of the starting initial psychrotrophic
counts in raw whole milk was significantly
P<0.05 decreased from 5.69+0.104 (55x10*
cfu/ml) at 0 hr. to 5.57+0.038 (38x10* cfu/ml),
5.35+0.070 (24x10* cfu/ml) and 5.24+0.054
(18x10” cfu/ml) after 6, 24 and 48 hrs. of room
storage temperature, respectively. The current
data revealed that significant P<0.05
differences in the average mean log values of
total psychrotrophic bacterial counts were
found between the control stabilized milk
samples and those that subjected to the action
of the crude bacteriocin over the four times
periods of 0, 6, 24 and 48 hrs. of milk storage
at room temperature. There was a significant
P<0.05 decrease in the numbers of
psychrotrophic bacterial cells survivors after
each exposure time period from hours 0 to 48
of milk storage at room temperature. The
average mean log value of the starting initial
psychrotrophic counts in the control activated
raw milk samples reduced significantly
P<0.05 from 5.69+0.104 (55x10* cfu/ml) to
5.26+0.048 (19x10* cfu /ml) immediately after
exposure to the action of the crude bacteriocin
at 0 hr. and to 4.93+0.060 (9x10* cfu/ml),
4.56+0.079 (39x10° cfu /ml) and 4.12+0.073
(14x10° cfu/ml) after 6, 24 and 48 hrs. of
exposure to the crude bacteriocin at room
storage temperature respectively (Table, 5).
The activated raw milk samples that subjected
to the action of the crude bacteriocin exhibited
significantly P<0.05 the highest antimicrobial
effectiveness against the viable psychrotrophic
bacterial cells after 48 hrs. of room storage
temperature. One liter of raw whole milk that
was screened to be free from E.coli O157:H7
was experimentally pasteurized at 63°C for 30
min. inside a water bath. The natural LPS was
activated in the first portion by treating it with
15 ml of sodium thiocyanate stock solution
and 5 ml of hydrogen peroxide stock solution
while the natural LPS was not activated in the
second portion of pasteurized milk to serve as
a control. Both portions of pasteurized milk
were experimentally inoculated with a fixed
initial number of 1x10° cfu/ml of E.coli
0O157:H7. the efficacy the crude bacteriocin
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that produced by the L.rhamnosus GG-ATCC
against stressed E.coli O157:H7 by activation
of LPS in the first portion of pasteurized milk
was tested with five replications, while the
second portion of inoculated pasteurized milk
was not subjected to the action of the crude
bacteriocin but the same amount that was used
in the first portion was replaced by sterile
peptone water (0.1% wt/v) to serve as a
control.  Both  portions of inoculated
pasteurized milk were stored at room
temperature (30°C) for three time periods of 6,
24 and 48 hrs.

Table, 5: Eeffect of crude bacteriocin produced by
L.rhamnosus GG-ATCC in combination wih
activated Lactoperoxidase system (LPS) on the total
psychrotrophic counts (cfu/ml) in raw milk at about
2- 3hours after morning milking then stored at
room temperature (30°C).

Psychrotrophic counts
(log cfu/ml)

Activation of

Storage

. activation LPS
period

LPS (Control) +Bacteriocin
(Hours) Mean+SE Mean+SE
5.69+0.104 5.26+0.048
0 hr. 55x10* 19x10*
Aa Ab
5.57+0.038 4.93+0.060
38x10* 9x10*
Ba Bb
5.35+0.070 4.56+0.079
24x10* 39x10°
Ca Cb
5.24+0.054 4.12+0.073
18x10* 14x10°
Ca Db

LSD=0.2, Different capital letters in a column revealed
significant  differences (P<0.05) between hours of
incubation. Horizontal different small letters revealed
significant differences (P<0.05) between the mean values of
psychrotrophic counts. S.E: Standard Error.

There was a significant P<0.05 increase
in the E.coli O157:H7 counts over the three
time periods of room storage temperature in
the control milk samples that were neither
stabilized by the activation of their LPS nor
subjected to the action of the crude
bacteriocin. The average mean log value of the
starting initial count of E.coli O157:H7 in the
control milk samples increased significantly
P<0.05 from 5.98+0.050 (10x10° cfu/ml) at 0
hr. to 7.28+0.049 (20 x 10° cfu/ml), 7.92
+0.118 (99 x10° cfu/ml) and to 8.25+0.068
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(18x107 cfu/ml) after 6, 24 and 48 hrs. of milk
storage at room temperature, respectively
(Table, 6). There was a significant P<0.05
decrease in the viable counts of stressed E.coli
O157:H7 after each exposure time period
from hours 6 to 48 of milk storage at room
temperature, where the average mean log
value of an initial count of 5.98+0.050
(10x10° cfu/ml) at O hr. significantly P<0.05
decreased to 5.84+0.020 (70x10* cfu/ml),
5.47+ 0.082 (30x10* cfu /ml) and 4.83 + 0.049
(70 x 10® cfu/ml) survivor cells of E.coli
O157:H7 after 6, 24 and 48 hrs. of exposure to
the action of the the crude bacteriocin at room
storage temperature, respectively.

Table, 6: The antimicrobial spectrum of the crude
bacteriocin produced by L.rhamnosus GG-ATCC in
combination with activated LPS on the survival rate
of E.coli O157:H7 (cfu/ml) in pasteurized milk stored

at room temeerature 530°C2.

Counts of E.coli O157:H7

Storage
period

Control Combination of

(Hours) Mean+SE bacteriocin with LPS
MeanzSE
5.98+0.050 5.98+0.050
10x10° 10x10°
Da Aa
7.28+0.049 5.84+0.020
20x10° 70x10*
Ca Bb
7.92+0.118 5.47+0.082
99x10° 30x10*
Ba Cb
8.25+0.068 4.83+0.049
18x10’ 70x10°
Aa Db

LSD=0.15, Different capital letters in a column revealed
significant  differences (P<0.05) between hours of
incubation. Horizontal different small letters revealed
significant differences (P<0.05) between the mean values of
E.coli O157:H7 counts. S.E: Standard Error.

An overall conclusion on the basis of the
current results pointed out that complete
elimination or inactivation of viable cells of
E.coli 0O157:H7 was not achieved after
subjecting of stabilized milk to the action of
the crude bacteriocin produced by the
L.rhamnosus GG-ATCC at room storage
temperature. Exposure of stabilized milk to the
action of the crude bacteriocin resulted in a
reduction of viable count of E.coli O157:H7
from (10x10° cfu/ml) at 0 hr. to (70x 10°

cfu/ml) after 48 hrs. of storage at room
temperature. This result was in agreement with
(13) who reported that exposure of stabilized
milk to the action of the crude bacteriocin
produced by the L.acidophilus LA-K resulted
in reduction of viable count of 3.935 log
cfu/ml of E.coli O157:H7 after 48 hrs. of milk
storage at room temperature.
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