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Abstract

Background: Milk forms a considerable part of the necessary materials needed for the physical and mental growth of all commu-
nity members, especially children and the elderly. Since milk is a suitable culture medium for the growth of many bacteria, strict
standards have been introduced for its safety. The aim of this study was to evaluate the coliform contamination of raw cow’s milk
and the level of endotoxin in it.
Methods: Using random sampling, 43 samples of raw cow’s milk were collected in Isfahan, Iran. Coliforms were identified by bio-
chemical tests. Then, the molecular method was employed for the definitive identification of the coliforms. Moreover, endotoxin
levels were assessed employing the limulus amebocyte lysate (LAL) test.
Results: Results indicated the presence of coliforms in 17 (39.45%) of the raw milk samples. Based on the molecular identification
of the isolated coliforms, 10 samples were contaminated with Escherichia coli, five with Enterobacter spp., and two with Klebsiella
pneumoniae. The results of the LAL test showed that 17 samples contained 0.250 units, six samples contained 0.125 units, and 20
samples contained 0.063 units of endotoxin.
Conclusions: There was a significant correlation between coliform contamination of raw cow’s milk and 0.250 unit/mL endotoxin
(P < 0.001). Increasing the number of coliforms in milk samples is consistent with the increase in endotoxin levels.
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1. Background

Milk is a food capable of satisfying most human nutri-
tional needs. It is considered one of the most important
animal proteins. It contains various valuable vitamins and
minerals, the most important of which is calcium. Absorp-
tion of milk calcium improves considerably in the pres-
ence of lactose (1, 2).

Milk is free of bacteria or contains very few of them if
it is milked from healthy dairy cows. The sanitary quality
of milk, which must be considered by livestock keepers,
is assessed based on total bacterial count and somatic cell
count (3). Bacteria present in milk may acidify it, give it a
bad taste, cause gelation of milk, and transmit diseases (4).
Therefore, bacterial count of milk can be one of the impor-
tant criteria in predicting the health of cows and the sani-
tary conditions of milking due to the fact that it indicates
the manner of transportation and storage of raw milk in
addition to serving as a common method of and being the
most significant criterion for the process of assessing raw
milk quality (5).

The presence of coliforms in milk indicates secondary
infections and is a sign of it being unsafe for human con-
sumption. Coliforms bacteria are destroyed very rapidly

during the pasteurization process. Based on current stan-
dards, the number of coliforms must be less than 100
CFU/mL in raw cow’s milk and less than 10 CFU/mL in pas-
teurized milk. Moreover, there must not be any Escherichia
coli per mL of pasteurized milk (6).

Endotoxin is a pyretic material in the cell walls of gram-
negative bacteria and is usually called pyrogen. It has the
structure of a lipopolysaccharide with a very toxic lipid,
and it is of very low variety. However, the polysaccharide
part of endotoxin has antigenic properties and is of very
high variety (7, 8). Researchers explain that the handling
and storage of raw milk alters the endotoxin concentra-
tions, which may explain previous contradictory findings
regarding the beneficial modulating effects on innate im-
munity toward allergy prevention in early childhood (8).

Considering the importance of milk hygiene, this re-
search intended to determine the endotoxin levels in raw
cow’s milk and coliform contamination of them.

2. Methods

In this research, random samples of raw cow’s milk
(n = 43) were collected between April to September 2016.
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About 500 mL of unpasteurized milk were collected from
the milk container, aseptically. The samples were immedi-
ately transported, in an icebox, to the laboratory. The pH
values of milk samples were measured using a pH meter
(9).

The total bacterial count was carried out according
to the national standard No. 5484 using the pour plate
method. Serial dilution (10-1 to 10-8) of the milk samples
were made and 1 mL of each dilution was inoculated into
duplicate plates of standard plate count agar and incu-
bated at 30°C for 48 hours to determine the aerobic plate
counts (10).

2.1. Total Coliforms Count

The MPN method was employed to identify coliform
contamination of milk according to national standard No.
5234. The growth and appearance of colony on violet red
bile agar, after 24 hours, at 35°C, were considered for a pre-
sumptive count. The growth and gas production in 2% bril-
liant green broth were used as the confirmatory test for co-
liforms. The isolated coliform bacteria were identified to
genus and species using differential biochemical tests in-
cluding MR, VP, citrate utilization, endol production, H2S
production, motility, and fermentation in TSI agar (11, 12).

2.2. Molecular Identification of Coliforms

Cloning and sequencing of the beta-galactosidase gene
(the LacZ gene) were performed by specific 326 bp long
primers including the forward primer (5’ ~ ATGAAAGCTG-
GCTACAGGAAGGCC~ 3’) and the reverse primer (5’ ~ GGTT-
TATGCAGCAACGAGACGTCA ~ 3’) (13). The PCR was carried
out in a thermocycler (model Gradient Master, Eppendorf,
Germany). For each PCR, 17 µL of sterile distilled water,
2.5 µL of 10X buffer, 1.5 µL of 50 mM MgCl2, 1 µL of 10 mM
dNTPs, 1 µL of each of the forward and reverse primers
(10 pmol), 0.5 µL of DNA template, and 0.5 µL of Taq poly-
merase were used. The total volume of the reaction mix-
ture was raised to 25µL. The thermal regime in the thermo-
cycler was adjusted as follows: initialization step at 94°C
for 4 minutes followed by 35 cycles including the denatu-
ration step at 94°C for 30 seconds, the primer-annealing
step at 48°C for 35 seconds, and the amplification step of
the desired segment at 72°C for 60 seconds. The final step at
72°C for 7 minutes ended the thermal cycle. Electrophore-
sis on 1% agarose gel was performed to ensure that the PCR
conditions yielded the desired product. The samples were
sent to the Sequetech company, USA, for sequencing using
the Sanger method by employing an ABI 96 capillary in-
strument. The results of the sequencing were analyzed by
using the Chromas software. Similarity of each sequence
with the gene sequences in the NCBI database GenBank
was determined using the BLAST software (14).

25

20

15

10

5

0
6.2<

Pe
rc

en
ta

g
e

Density Endotoxinn (EU/mL)

6.2-6.4 6.4-6.6 6.6-6.8 <6.8 pH

3%
5%

7%

23%

5%

Figure 1. Distribution of pH of cow’s milk samples

2.3. Measuring Endotoxin Level

Endotoxin levels were measured using limulus amebo-
cyte lysate (LAL) kits manufactured by the American com-
pany Lonza. At first, 200 µL of the milk inoculated to LAL
vial, the content of the vial was completely mixed using a
shaker, 100 µL of the mixture in the vial was added to vial
containing 100µL of the endotoxin-free water, the content
of this vial was mixed, and 100 µL of it was added to vial 2,
which contained 100µL of the endotoxin-free water. In this
way, endotoxin concentrations of 0.250, 0.125, and 0.063
unit/mL were prepared. All vials were placed in an incuba-
tor at 37°C for 1 hour and then examined for clot formation
or gelation. The presence of milk clots indicated endotoxin
contamination and lack of milk clots indicated the absence
of endotoxin (15). The standard strain of Escherichia coli
(ATCC: 25922) was used as positive control. Endotoxin-free
water was used as negative control (16).

2.4. Statistical Analysis

Data were analyzed using the statistical package for so-
cial sciences (SPSS-Ver.17).

Significant differences between contaminated milk
and endotoxin level (P < 0.001) were determined by using
Mann-Whitney test. Sample size was calculated based on
valid statistical tests.

3. Results

This research studied 43 raw cow’s milk samples. Fig-
ure 1 shows the pH of the milk samples.

Bacterial counts were converted to Log10/mL and were
clustered as showed in Figure 2. The standard MPN was
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used to determine the probable number of coliform bacte-
ria. Complementary tests on raw cow’s milk samples indi-
cated that 39.5% of them (17 samples) contained coliforms.
Biochemical tests and molecular identification of the iso-
lated coliforms revealed that 10 (23.25%) of the milk sam-
ples contained E.coli, 5 (11.62%) Enterobacter spp., 2 (4.65%)
K.pneumoniae, and about 60.5% of the samples were free of
coliforms contamination.

Based on the results of endotoxin detection, it was
found that the number of positive cases increased only at
higher endotoxin concentrations when concentrations of
amebocyte in the LAL test were raised so that 17 milk sam-
ples contained 0.250 endotoxin unit/mL, 6 milk samples
contained 0.125 unit/mL, and 20 milk samples contained
0.063 unit/mL. Figure 4 shows endotoxin levels in the 43
raw cow’s milk samples together with endotoxin levels in
contaminated and uncontaminated milk samples.

Based on the diagram, none of the contaminated milk
samples contained endotoxin at 0.063 unit/mL. In other
words, 94.1% (16 contaminated samples) contained endo-
toxin at 0.250 unit/mL and only in 1 sample (5.9%) the
measured endotoxin level was 0.125 unit/mL. Moreover, as
expected, 76.8% (20 of the 26 uncontaminated samples)
contained endotoxin at 0.063 unit/mL, 19.2% (5 of the 26
uncontaminated samples) contained endotoxin at 0.125
unit/mL, and only 1 of the 26 uncontaminated samples
(3.9%) contained endotoxin at 0.250 unit/mL.

Statistical analysis showed that there was a significant
relationship between the coliform contamination in raw
cow’s milk samples and the presence of endotoxin at 0.250
unit/mL (P < 0.001), however, there was no significant re-
lationship between coliform contamination of raw cow’s
milk samples and endotoxin concentrations of 0.125 and
0.063 unit/mL. In other words, we can conclude that unpas-
teurized milk samples were contaminated with coliforms
that contained endotoxin at higher concentrations than
0.063 unit/mL.

Furthermore, the statistical analysis indicated that
there was a significant relationship between lack of con-
tamination with coliforms in raw cow’s milk samples and
endotoxin concentration at 0.063 unit/mL in the samples
(P < 0.001), however, there were no significant correlations
between lack of coliform contamination in raw cow’s milk
samples and endotoxin concentrations of 0.125 and 0.250
unit/mL. In other words, we can conclude that raw cow’s
milk samples that were not contaminated with coliforms
contained endotoxin at concentrations lower than 0.125
unit/mL.

4. Discussion

Milk is nutritious and highly nutritious nature of milk
makes it a suitable medium for growth and proliferation
of microbes. This research intended to compare endotoxin
levels and coliform contamination of raw cow’s milk. Most
of all cow’s milk samples have a nearly neutral pH (28%). We
found that 39.5% of the samples contained coliforms and
60.5% of the samples were free of coliforms. The coliform
bacteria isolated from the 17 contaminated samples were
identified by PCR. Results showed that samples were con-
taminated with Escherichia coli, Enterobacter, and Klebsiella.

Considering the results of this research, the high mi-
crobial load in raw milk and traditional dairy products in
Iran is confirmed, which could probably be due to unsan-
itary milking equipment and milk collection containers,
unhygienic milking practices by workers and disregard for
hygiene practices by milk sellers. Moreover, since bacteria
die at high temperatures and the collected samples were
not boiled at 100°C, the high microbial load and the pres-
ence of coliforms in milk samples were expected. Further-
more, since the samples were collected in the summer,
the chances of milk contamination during transportation
from the dairy farms to the milk stores rose.

In the study on 220 samples of milk and other dairy
products sold at food stores conducted by Behzadian-
Nezhad in Qom (1999), the maximum and minimum con-
tamination levels were those of milk and ice cream, respec-
tively. They found that 10.1% of the samples were contami-
nated with coliforms, however, Escherichia coli contamina-
tion were not detected. In the present research, E.coli were
isolated from 23.25% of milk samples.

Zolfaghari et al., studied 903 samples of milk and dif-
ferent dairy products with respect to bacteriological qual-
ity. Results indicated that 809 (89.6%) of the samples had
acceptable quality however, 94 (10.4%) of the samples were
of unacceptable quality. Mesophyll aerobic bacterial levels
were acceptable in 238 (96.9%) of the samples, Escherichia
coli in 228 (92.7%) of the samples, and coliforms in 222
(90.2%) of the samples. In all, contaminating microorgan-
isms were detected in the samples at levels that exceeded
the permissible ones (17). However, in the present study, 26
(60.5%) of the 43 raw milk samples in the Isfahan province
had permissible levels of bacterial contamination (and the
milk samples were of acceptable quality); bacterial con-
tamination exceeded the permissible levels and the milk
samples were of unacceptable quality in 17 (39.5%) of the
samples.

Fadaei et al. (18), compared levels of bacteriological
contamination in 300 raw milk and 120 pasteurized milk
samples in Shahr-e Kord. They found that 208 (70%) of the
raw milk samples were contaminated with E.coli and 242
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Figure 2. Bacterial count of raw cow’s milk sample

Figure 3. Agarose gel analysis of PCR amplification product using lacZ sequence, C: E.coli (ATCC 25922), Line1 - 9 indicates 326 bp size amplicon of samples (43, 41, 36, 27, 24, 21,
19, 18, 16, respectively); M: marker
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Table 1. Statistical Analysis of Endotoxin Levels in Raw Cow’s Milk Samples

Endotoxin (EU/ML)
Uncontaminated Milk Contaminated Milk Mann-

Whitney-U
Sig

Frequency Percent Frequency Percent

0.063 20 76.9 0 0.0

11.500 < 0.001
0.125 5 19.2 1 5.9

0.250 1 3.8 16 94.1

Total 26 100.0 17 100.0

of the samples with coliforms (80.5%). The maximum level
of contamination with coliforms and E.coli was reported in
the summer. However, in the present study, 10 (23.25%) of
the raw milk samples were contaminated with E.coli and 17
of the raw milk samples (39.5%) were contaminated with
coliforms. These results conform to those found by Fadaei
et al. (18), with respect to high levels of coliform and E.coli
contamination levels in the raw milk samples.

Hansen et al. (19), used the LAL test in Denmark to
study gram-negative bacteria and lipopolysaccharide lev-
els in milk samples and concluded that the heat resistant
lipopolysaccharide level in all milk samples was less than 1
endotoxin unit/mL. They reported a significant positive re-
lationship between the number of Gram-negative bacteria
and lipopolysaccharide level in the samples. The present
research also observed a significant relationship between
the presence of coliform bacteria (that are gram-negative

bacteria and contain lipopolysaccharide) and endotoxin
levels in the raw milk samples.

Employing the LAL test, the researchers conducted a
study to assess endotoxin levels in raw cow’s milk at dairy
farms and stores selling milk in several European coun-
tries. It was concluded that endotoxin levels varied in dif-
ferent European countries (20). The endotoxin levels in
the stores were much higher compared to the dairy farms,
which could be attributed to milk transportation from the
dairy farms to the stores and to its storage in the stores (21).
These results agree with those of the present research with
respect to the high levels of endotoxin contamination in
raw milk samples. Considering the fact that the samples
in the present research were taken only from the stores in
the city and all of the samples contained endotoxin, we can
attribute milk contamination to a large extent to the san-
itary conditions in the stores and to the hygienic status of
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milk retailers.
In the study that Spika conducted on milk samples

taken from dairy farms and milk stores by using the LAL
test, endotoxin levels were assessed and it was found that
their levels in the samples taken from the stores were
higher compared to those taken from the dairy farms (8).
This suggested that increases and decreases in milk tem-
perature changed endotoxin levels in milk. In the present
research, in which milk temperature was not considered, a
high percentage of raw milk samples taken from the stores
in Isfahan tested positive for endotoxin.

Suzuki et al. (15), employed the LAL test to study
endotoxin levels in raw milk samples taken from com-
pletely healthy cows and from cows suffering from masti-
tis caused by gram-positive and coliforms bacteria. He ob-
served that endotoxin levels in cows with mastitis result-
ing from gram-positive bacterial infection varied from 0.28
to 450 units/mL while the average endotoxin level in milk
taken from cows with mastitis was 11523.5 units/mL. He con-
cluded that endotoxin levels in milk taken from cows with
mastitis were directly related to coliform mastitis. In the
present study, in which the health of the cows was not con-
sidered, all of the samples tested positive for endotoxin,
and 17 samples contained 0.250, six samples 0.125, and 20
samples 0.063 units of endotoxin/mL. Therefore, it is con-
sistent that the handling and storage of raw milk alters
the coliform contamination, which may explain findings
regarding the endotoxin concentrations. There was also a
significant relationship between coliforms contamination
in raw milk and the presence of 0.250 units of endotoxin
per milliliter of the raw cow’s milk samples.

There were some unavoidable limitations in our study.
First, due to the inaccessibility and the high cost of the LAL
kit, this research was done on a small size of cow’s milk
samples. Second, this research was conducted in the sum-
mer. Performing research in different seasons can provide
comparable results.
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