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A Survey of Raw Milk For Microbiological Quality and Typing of Foodborne Pathogens by
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Abstract :This study was conducted in order to determine microbiological quality of raw cow milk samples sold in public
markets and to investigate foodborne pathogens in Giresun. The samples were examined for total mesophilic aerobic
bacteria, total
bacteria, yeast and mold, Salmonella spp., Escherichia coli 0157:H7, L. monocytogenes, Bacillus cereus, Campylobacter spp.

psychrotroph aerobic bacteria, coliform, Enterobacteriaceae, Micrococcus/Staphylococcus, lactic acid

according to Food and Drug Administration/Bacteriological Analytical Manual and International Organization for
Standardization methods. Identification of the isolated pathogens was made with Matrix-assisted laser desorption,
ionization time of flight mass spectrometry. The mean values of microorganism colonies detected in raw cow milk samples
were as follows: total mesophilic aerobic bacteria count 5.87 log cfu/ml in 93 samples; total psychrotroph aerobic bacteria
count 5.69 log cfu/ml in 95 samples; coliform count 4.85 log cfu/ml in 12 samples; Enterobacteriaceae count 4.84 log cfu/ml
in 18 samples; Micrococcus/Staphylococcus count 5.17 log cfu/ml in 94 samples; lactic acid bacteria count 5.54 log cfu/ml in
97 samples, and yeast and mold 5.16 log cfu/ml in 73 samples. Listeria monocytogenes, Escherichia coli were found as 6
(6%) and 34 (34%) in 100 raw cow milk samples respectively. Salmonella spp., Campylobacter spp., Escherichia coli 0157:H7
and Bacillus cereus were not detected. As a result; a statistically significant presence of bacteria threatening human health
was detected in the raw cow milk samples examined. In order to resolve this problem, it is thought that further similar
studies should be conducted on the basis of procuders, consumers and supervisory institutions.

Keywords: milk, microbiological quality, food pathogens, MALDI-TOF MS
Gig Siit Orneklerinin Mikrobiyolojik Kalitesi ve Gida Patojenlerinin MALTI-TOF MS ile Tiplendirilmesi Uzerine Bir Arastirma

Oz: Bu calisma, Giresun'da pazarlarda satilan ¢ig inek siitii 6rneklerinin mikrobiyolojik kalitesini belirlemek ve gida patojenlerini arastirmak
amaciyla gerceklestirilmistir. Ornekler, toplam mezofilik aerobik bakteri, toplam psikrotrof aerobik bakteri, koliform grubu bakteri,
Enterobacteriaceae, Micrococcus/Staphylococcus, laktik asit bakterileri, maya ve kiif, Salmonella spp., Escherichia coli 0157:H7, Listeria
monocytogenes, Bacillus cereus, Campylobacter spp. yéniinden Food and Drug Administration/Bacteriological Analytical Manual ve
International Organization for Standardization yéntemlerine gére incelenmistir. izole edilen patojenlerin identifikasyonlari, Matriks aracili
lazer dezorpsiyon, iyonizasyon ugus zamani kiitle spektrometresi ile yapilmistir. Cig inek siiti érneklerinde belirlenen mikroorganizma
kolonilerinin ortalama dederleri sirasiyla; toplam mezofilik aerobik bakteri sayisi 93 érnekte 5.87 log kob/ml; toplam psikrotrof aerobik
bakteri sayisi 95 érnekte 5.69 log kob/ml; koliform sayisi 12 6rnekte 4.85 log kob/ml; Enterobacteriaceae sayisi 18 érnekte 4.84 log kob/m;
Micrococcus/Staphylococcus sayisi 94 érnekte 5.17 log kob/ml; laktik asit bakteri sayisi, 97 érnekte 5.54 log kob/ml ve maya-kiif sayisi 73
drnekte 5.16 log kob/ml olarak bulunmustur. Listeria monocytogenes ve Escherichia coli, 100 ¢i§ inek siitii érnedinde sirasiyla 6 (%6) ve 34
(%34) olarak bulunmustur. Salmonella spp., Campylobacter spp., Escherichia coli 0157: H7 ve Bacillus cereus saptanmamistir. Sonug olarak;
arastirmada incelenen ¢ig inek siitii érneklerinde, istatistiki olarak énemli diizeyde, insan saghdini tehdit eden bakterilerin varligi tespit
edilmistir. Bu durumun diizeltilmesi igin, (retici, tiiketici ve denetleyici kurumlar bazinda benzer daha ¢ok sayida ¢alismalarin yapilarak
kamuoyuna duyurulmasi gerektigi diisiiniilmektedir.

Anahtar Kelimeler: siit, mikrobiyolojik kalite, gida patojenleri, MALDI-TOF MS

INTRODUCTION animal and equipment cleaning, season, feed and animal

Milk is an excellent culture medium for growth of many
microorganisms due to its complex biochemical
composition and high water activity. Therefore microbial
content of milk is important in determination of its quality
(Reta and Addis, 2015; O'Sullivan and Cotter, 2017).

The microorganisms that may be found in milk are
positively or negatively affected by heat. The
microorganisms found in raw milk may be beneficial or
harmful for milk, and may harm human health (O'Sullivan
and Cotter, 2017; Karmen and Slavica, 2008). Number and
types of microorganisms found in the milk immediately
after milking are influenced by several factors such as
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health. On the other hand, differences in feeding of cows
and shelter strategies, milking conditions may affect
presence of microorganisms that may be found in milk
(Reta and Addis, 2015; Griffiths, 2010).
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Many pathogens may be a source of infection transmission
to human because of infected raw milk and products. As a
result of the transmission, patients may be asymptomatic
or symptomatic carriers for these pathogens. Pathogens
found in raw milk and products may cause neurological
damage, arthritis and renal failure (Kul et.al, 2006).

In the literature screening, there was no study about
bacteria and fungi that may be found in raw milk in Giresun
region. In addition, no data could be found about at what
rate these pathogens may be found in human. The
objective of this study was to determine microbiological
quality of raw cow milk samples that were presented for
sale in public open markets of districts within Giresun
province, and to investigate presence of food pathogens in
these samples. By this way, pathogens that may be a source
of infection within the province would be determined and
recommendations would be made regarding the necessary
protection measures.

MATERIALS AND METHODS

Materials

In this study, 100 raw cow milk samples were collected
from the public markets of Tirebolu, Kesap, Eynesil, Gice,
Yaghdere, Piraziz, Bulancak, Gorele and Espiye districts of
Giresun province between 2016 and 2017. Distribution of
the samples collected from the districts is given in Table 1.
Sample size was determined with random sampling method
considering sales rates.

The samples were brought to the laboratory, paying
attention to cold chain and analyzed in the same day. The
samples were examined according to the Food and Drug
Administration/Bacteriological Analytical
(FDA/BAM)  and International  Organization  for
Standardization (ISO) methods.

Manual

Table 1. Distribution of the raw milk samples studied
according to districts

Sample District  of Number of Raw milk
type collection studied samples seller (n)
(n)

Bulancak 20 36

Raw Espiye 15 30

cow milk  Tirebolu 10 29
Gorele 12 27
Eynesil 11 26
Yaglidere 11 23
Kesap 10 18
Piraziz 7 16
Giice 4 11
Total 100 216
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Preparation of the samples for the analysis

In the study, buffered peptone water, modified tryptone
soya broth with novobiocin (Merck 109205), listeria
enrichment  broth  (LabM139) and campylobacter
enrichment broth (LabM135) were separately added as 225
mL into sterile glass bottles. 25 mL milk was added to each
bottle and homogenized for 2 minutes in the homogenizer.
Milk samples were incubated for 24 hours in modified
tryptone broth  with 41.5°C,
listeria enrichment broth at 37°C and campylobacter
enrichment broth at 41°C to provide pre-enrichment of
microorganisms.  Following the incubation, decimal
dilutions were prepared from 10" to 10°. 0.1 mL was taken
from each dilution with drigalski spatula and cultured on
the medium with surface plate method. Two medium was
cultured from each dilution and a parallel work was done.
All colonies grown in the cultured medium were counted
and the living microorganisms were evaluated. The used
media and conditions according to the sought
microorganisms are given in Table 2.

The isolation of pathogen microorganisms after
enrichment on media is given in Table 3.
Identification of the isolates

Pre-definition of the obtained suspected isolates was
performed, the isolates were cultured on Blood Agar Base,
incubated at 37°C for 24 hours, among the suspected
colonies grown in the medium, one or two colonies were
collected with sterile stapula tip and spreaded to the wells
on the slides of the device. Following this process, 1 pl
matrix solution (cyano-4-hydroxycinnamic acid saturated in
50% acetonitrile and 2.5% trifluoroacetic acid) (VITEK MS-
CHCA, bioMérieux, Inc.) was pipetted into the wells and
kept for 1-2 minutes under room conditions. The slide was
then inserted to the cassette, loaded to VITEK MALDI-TOF
MS, and typing was performed (Rychert et al., 2013).
Statistical analysis

soya novobiocin  at

pre-

Analyses were conducted using the SPSS v25 (IBM Inc.,
Chicago, IL, USA) statistical software. The data were tested
for normality using the Ryan-Joiner
homogeneity of variance using the Levene’s Test prior to
the analyses. One-way ANOVA or Kruskal-Wallis test
followed by Tukey's or Dunn post-hoc test was used to
compare the means of more than two independent groups.
RESULTS AND DISCUSSION

Milk functions as a reservoir for microorganisms. The
microorganisms in raw milk may be beneficial or harmful
for itself. Milk containing pathogenic microorganisms may
harm human health when consumed (McSweeney et al.,
2017).

Test and for
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Table 2. Media used in the analysis of microorganisms and incubation conditions

Microorganism Medium Incubation Source of counting
group Temperature Time Conditions method
TMAB Plate Count Agar (LabM149) 37+1°C 72 hours Aerob ISO 4833-2
. FDA,2002; Harrigan
TPAB Plate Count Agar (LabM149) 4+1°C 10 days Aerob
and Mccance,1976
. . ) . FDA,2002; APHA,
Coliform bacteria Violet Red Bile Agar (LabMO031) 3541 °C 48 hours Aerob
2001; 1SO 4832-2006
Violet Red Bile Glucose Agar
Ent. 35+1°C 48 hours Aerob ISO 21528-2
(LabMO088)
Baird—Parker agar (LabM085)
Mic. . urit (0.59 ° -
ic./Staph .egg y.olk tellirit (0.5% w/v) 37°C 24-48 hours Aerob Halkman, 2005
ilaveli
Man Rogosa Sharpe Agar APHA, 1995; ISO/FDIS
LAB 30°C 48 h A b
(LabMO093) ours naero 15214
Dichloran Rose Bengal
YM Chloramphenicol (DRBC) Agar 22+1°C 5 days Aerob I1SO 21527-1
(LabM217)

TMAB, Total mesophilic aerobic bacteria; TPAB, Total psychrotroph aerobic bacteria; Ent, Enterobacteriaceae; Mic./Staph.,
Micrococcus / staphylococcus; LAB, Lactic acid bacteria; YM, Yeast and mold

Table 3. Media used in the analysis of pathogen microorganisms and incubation conditions

Microorganism . Incubation
Medium - — References

group Temperature Time Conditions
Xylose Lysine Deoxycholate Agar

Salmonella spp. v ve! XY & 37+1°C 24 hours Aerob ISO 6579-1:2017
(LabM032)

E. coli 0157:H7 Sorbitol MacConkey agar 37°C 16-24 hours Aerob De Boer and

’ ’ (LabM161) Heuvelink, 2000

Oxford Agar (LabM122), Listeria

L. monocytogenes xford Agar ( ), Listeria o .0 24-48 hours  Aerob ISO 11290-2: 2017
Chromogenic Agar (LabMHal010)

Campylobacter spp. Campylobacter Agar (LabM112) 41,5°C 48 hours microaerophilic I1SO 10272-1:2017
Bacillus Cereus Medium .

B. cereus 37°C 24-48 hours Aerob ISO 7932: 2009

(LabM073)

E., Escherichia; L., Listeria; B., Bacillus

In the study, a total 100 raw cow milk samples randomly
collected from 207 raw milk sellers as minimum 4 and
maximum 20 samples in 9 district public markets within
Giresun province were analyzed. Total mesophilic aerobic
(TMAB), total psychrotroph aerobic bacteria
(TPAB), coliform group bacteria, Enterobacteriaceae,
Micrococcus/Staphylococcus  (Mic./Staph.), lactic acid
bacteria, yeast and mold that are used in determination of
microbiological quality criteria were counted in the
analyzed raw cow milk samples.

In this study, The mean count of total mesophilic aerobic

bacteria

microorganisms was found as 7.5x10° cfu/ml (5.87 log
cfu/ml) in 93 samples. This value was found to be lower
than the mean values (6.36-10.41 cfu/ml) obtained in
different studies on raw milk. (Belbachir et al.,, 2015;
Mesfine et al., 2015; lbrahim et al., 2015, Goncl et al.,
2017; Wanjala et al., 2017). However, it was higher than the
(3.17-4.57 cfu/ml) 2007;
Welearegay et al., 2012; Bogdanovicova et al., 2016). The

other studies (Cempirkova,

results obtained were found to be similar with some studies

(5-5.74 cfu/ml) (Onal and Ozder, 2007; El-Diasty and El-
Kaseh, 2009; Kesenkas and Akbulut, 2010; Diler and Baran,
2014). Different results among the studies might be
study methods, and
environmental factors. According to the Turkish Food Codex
“Raw Milk and Heat-Treated Drinking Milks Notification”
no: 2009/14, it has been stated that the total bacteria
count in raw cow milk should be < 100,000 cfu/mL (Anonim,
2009). In this study 93 samples were found to be higher
than this value. This may be interpreted as that the samples
were contaminated during or after milking. In addition, the
difference between the mean values of mesophilic aerobic
microorganisms was found to be statistically significant
according to the variance analysis (p<0.01). This may be
explained by higher contamination in this district compared
to the other districts. It was thought that organizations
should be informed about the importance of pureness of
the milk.

Since some species of the general psychrotrophic bacteria
that cause spoilage of milk and dairy products have ability

resulted from the regions,
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to produce toxins or resist against antibiotics, these species
can be considered as opportunistic pathogens (Akan et al.,
2014). In our study, the mean count of total psychrotroph
aerobic bacteria was found as 4.9x10° cfu/ml (5.69 log
cfu/ml) in raw cow milk samples. This value is similar with
the study by Raj et al. However, it was found to be higher
than different studies (Chye et al., 2004; Cempirkova 2007;
Torkar and Teger, 2008). This might be resulted from that
the samples collected from the district of Giresun may be
source of opportunistic pathogens. According to One-way
ANOVA analysis, no statistically significant difference was
found between the districts in terms of the amount of total
psychrotroph aerobic bacteria (p>0.05).

It has been reported that the presence of coliform bacteria
in food may be harmful for human health (Kesenkas and
Akbulut, 2010). In this study, the mean count of coliform
bacteria in raw cow milk samples was found as 7.2x10"
cfu/ml (4.85 log cfu/ml). This value was found to be lower
compared to some studies (Ibtisam et al., 2007; El-Diasty
and El- Kaseh, 2009; Uddin et al., 2011; lbrahim et al., 2015;
Tankoano et al.,, 2016). However, it was higher than the
other studies (Kesenkas and Akbulut, 2010; Welearegay et
al., 2012; Belbachir et al., 2015; Mesfine et al., 2015). There
is studies reporting similar results (Raj et al., 2010; Goncii et
al., 2017; Wanjala et al., 2017). According to Kruskal-Wallis
test, no statistically significant difference was found among
the districts in terms of the amount of coliform bacteria (log
cfu/ml) (p>0.05).

Enterobacteriaceae is accepted as an indicator of hygiene
conditions in milk production (Bogdanovicova et al., 2016)
The mean count of Enterobacteriaceae in raw cow milk
samples was found as 6.9x10° cfu/ml (4.84 log cfu/ml). This
value was found to be lower compared to some studies
(Ibtisam et al., 2007; Bogdanovicova et al., 2016; El-Diasty
and El- Kaseh, 2009; Wanjala et al., 2017). However, this
result was similar with the study by Tasgi (2011). This might
be interpreted as that milking is still not performed under
hygiene conditions. There was no statistically significant
difference among the samples in terms of the amount of
Enterobacteriaceae (p>0.05).

The mean count of mic/staph was found as 1.6x10° cfu/ml
(5.17 log cfu/ml). The value obtained was found to be
higher than the value found in a study by Tas¢I (2011) on
raw cow milk (4.38 log cfu/ml). According to the One-way
ANOVA analysis, there was no statistically significant
difference between the samples in terms of the amount of
mic/staph. (p>0.05).

Acid medium formed owing to the organic acids produced
by lactic acid bacteria largely inhibit the development of
pathogen microorganisms. The mean count of lactic acid
bacteria in the raw cow milk samples was found as 3.5x10°
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cfu/ml (5.54 log cfu/ml). This value was found to be lower
than the value found by Tankoano et al. (8.00 log cfu/ml )
(2016). According to One-way ANOVA analysis, there was a
statistically significant difference was found among the
districts (p<0.01). According to these data, it was thought
that the pathogens that can be transmitted to people in the
region of the study might be decreased. However,
controlled experiments should be conducted in order to
prove this hypothesis.

Yeast and mold may impair or decrease shelf life of milk,
and may pose serious health problems for consumers
(Adugna and Asresie, 2015) The mean count of yiest-mold
in the raw cow milk samples was found as 1.4x10° cfu/ml
(5.16 log cfu/ml). This value were found to be higher than
the values found in the studies conducted on raw milk.
(Torkar and Teger, 2008; Kesenkas and Akbulut, 2010;
Welearegay et al., 2012; Ibrahim et al., 2015; Tankoano et
al.,, 2016; Goncu et al.,, 2017). However, this value was
found to be at the same level with mean 4.3x10° cfu/ml,
which was found by El-Diasty and El- Kaseh (2009). The
amount of yiest and mold of the districts were compared
with One-way ANOVA, and the difference among the
districts was statistically significant (p<0.001). This may be
explained by that infectivity of milk may differ according to
the collection conditions in the districts.

Descriptive statistical values and statistical comparison for
the amount of total mesophilic aerobic (log cfu/ml), total
psychrotroph aerobic (log cfu / ml), coliform (log cfu/ml),
Enterobacteriaceae (log cfu/ml), mic/staph. (log cfu/ml),
lactic acid bacteria (log cfu/ml), yeast and mold (log cfu/ml)
that were measured in the milk samples collected from the
districts of Giresun province are given in Table 5.

The most common pathogens detected in milk-borne
diseases are Salmonella spp., Staphylococcus aureus and
Escherichia (E.) coli (Fadaei, 2014). Food poisoning, typhoid
fever or paratyphoid fever may be seen by consuming
Salmonella contaminated food (Bhan et al., 2005). L.
monocytogenes is responsible for listeriosis, which is a
serious food-borne disease. Significant number of human
listeriosis cases occur due to foodborne transmission of L.
monocytogenes (Rahman et al., 2008). E. coli bacteria are
accepted as an important indicator of hygiene during
production, storage, transport and sale processes of raw
milk. E. coli is widely found in the intestinal flora of humans
and warm-blooded animals, but it may become a
pathogenic organism (Costa et al., 2009) In the present
study, L. monocytogenes was detected in 6 (6%) and E.coli
in 34 of 100 raw cow milk samples. Salmonella spp.,
Campylobacter spp. and E. coli 0157:H7 were not detected
in any sample. According to the Turkish Food Codex “Raw
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Table 5. Descriptive statistics and comparison results for the study variables of milk samples

TMAB TPAB C Ent. Mic./Staph. LAB Y™
D n M s ™M s Md QR Md  IQR ™M s ™M s ™M s
Bl 20 4.779 0.367 4691 0364 000 000 000 3.95 4278 0365  4.410b 0.360  1.410b 0.411
Es 15 5.36labc  0.013 5361 0029 000 000 000 000 4637 0356 5.19lab 0081 3.057ab  0.512
Ey 11  5.252hc 0.045 5290 0088 000 000 000 000 3776  0.625 5149ab 0132  4.644a 0.490
Gé 12 5.198bc 0.103 4699 0434 000 000 000 0.0 4166 0194  4.563b 0430 2342ab  0.604
Gi 4  5410abc  0.029 5395  0.040 000 410 0.00 4.12 4575 0073 4960ab  0.099  3.610ab  1.210
Ks 10 5.774ab 0.131 4814 0536 000 000 000 0.0 5250 0239 5558b 0169  3.180ab  0.487
Pir 7  5.266abc  0.090 5230 0046 000 514 000 5.1 3.814 0661  4.500b 0412  4.414a 0.349
Tir 10 6.386a 0.136 5191  0.635 543 590 257 5567 5247 0260 6.114a 0.083  4.675a 0.366
Ya 11  5.265bc 0.111 5439 0039 000 000 000 000 4658 0476 5.192ab  0.126  3.849% 0.749
0.001" 0.641 0.287 0.346 0.181 0.001" 0.000
P-Value (F=3.85) (F=0.76) (H=9.69) (H=8.96) (F=1.46) (F=3.54) (F=4.87)

M, Mean; S, Standard error of mean; Md, Median; IQR, Interquartile range; F, One-way ANOVA; H, Kruskal-Wallis test, D,
District; Bl, Bulancak; Es, Espiye; Ey, Eynesil; G6, Gorele; Gli, Glce; Ks, Kesap; Pir, Piraziz; Tir, Tirebolu; Ya, Yaghdere; C,

Coliform

**, Statistically significant (p<0.01); ***, Statistically significant (p<0.001)
According to Tukey test, means that do not share a letter are significantly different (p<0.05)

Milk and Heat-Treated Drinking Milks Notification”, it was
stated that Salmonella spp. should not be found in 25 mL of
raw milk. Similarly in the present study, Salmonella spp.
was not found in any raw milk sample. According to the
literature; Tadesse and Solomon (2003) isolated E.coli by
3.3% in Jimma district of Ethiopia, Chye et al. (2004) by
64.5% in Malaysia, Zeinhom and Abdel-Latef (2014) by 16%
in Egypt, and Ibrahim et al. (2015) by 80% in Cairo. In our
study, E.coli was isolated by 34%. Different results among
the studies might be resulted from the study method and
sample size. L. monocytogenes was isolated by 6%. In
similar  studies, Chye et al. (2004) isolated L.
monocytogenes by 1.9% in Malaysia, Belbachir et al. (2014)
by 3% in Morocco, Seyoum et al. (2015) by 2.04%,
Bogdanovicova et al. (2016) by 0.6% in Czech Republic, and
Sanlibaba and Tezel (2018) by 2% in ganakkale province.
These results could be interpreted by that pathogen
bacteria may be found in raw milk and products, and are
important for human health.

In the study, Salmonella spp., Campylobacter spp. and E.
coli 0157:H7 were not detected. In different studies;
Salmonella spp was not detected by Ibtisam et al. (2007) in
Hartum state, and by Belbachir et al. (2015) in Morocco, E.
coli 0157: H7 and Salmonella spp. were not isolated by
Zeinhom and Abdel-Latef (2014) in Egypt, Salmonella spp.
and Bacillus cereus were not isolated by lbrahim et al.
(2015) in Cairo, and Salmonella spp. and Campylobacter
spp. were not detected by Bogdanovicova et al. (2016) in
Czech Republic. These results are similar to the present
study. However, Chye et al. (2004) isolated Salmonella spp.,
by 1.4% in Malaysia. This difference might be resulted from
the study region or the study method.

CONCLUSION

In conclusion; although Salmonella spp., Campylobacter
spp., E. coli 0157:H7 were not detected in 100 raw cow
milk samples that were selected among the samples sold in
public markets of 9 districts in Giresun province and were
analyzed for microrganism levels, these levels were higher

than the standards specified in the Turkish Food Codex

Microbiological Criteria Regulation and Turkish Food Codex

Raw Milk and Heat-Treated Drinking Milk Comminique in

terms of mesophilic aerobic microorganisms, coliforms,

E.coli and L. monocytogenes. This puts public health at risk

in terms of the consumers in the study region.

Determination of whether microorganisms at risk group

detected in the raw milk samples are caused before, during

and after milking or by marketing conditions will determine
the level of impact of the raw cow milk sold under the
conditions of the region on health. Organizations that
control effects of the consumption of animal products as
food in the regional conditions on public health (Provincial

Directorates of  Agriculture,  Municipalities, Non-

Governmental Organizations supervising Food Health, etc.)

will accelerate the elimination of risk factors through

similar studies.
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