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The quality of milk is influenced by the microbial load related to the shelf life of milk and its spoilage. The water
buffalo milk supply is a vital asset for the dairy chain in Bangladesh. However, no systematic study has been
conducted to assess the quality of water buffalo milk. This cross-sectional study aims to cover this gap by
measuring milk quality indicators such as the bulk milk somatic cell count (BMSCC), bacterial counts, and their
correlations from farm to collection center along the milk supply chain. One hundred and thirty-two milk
samples were collected from three different nodes of the milk supply chain: at the producer level from farms
(n = 45), from middlemen (n = 42), and from collection centers (n = 45). Bulk milk somatic cell counts at the
farm and different bacterial counts such as the total bacterial count (TBC), total Staphylococcus aureus count
(TSA), total non-aureus Staphylococcal count (TNAS), total Enterobacteriaceae count (TEC) along the milk chain
were determined. The geometric mean of BMSCC was 4.1 x 10° (95 % CI: 3.4 x 10° - 4.8 x 10°) cells/ mL at the
farm level. An increase in TBC, TSA, TNAS and TEC were observed in the milk collection center. TBC, TNAS and
TEC were significantly increased (P < 0.01) along the milk supply chain, except TSA. Significant positive cor-
relations for TNAS with TBC (r = 0.55, P < 0.001) and TNAS with BMSCC (r = 0.35, P < 0.05) at farm level; TEC
with TBC (r = 0.40, P < 0.05) at middlemen; TNAS with TBC (r = 0.31, P < 0.05) and TEC with TBC (r = 0.39,
P < 0.05) at the collection centers were observed. The study findings highlight the heavy contamination risk,
emphasizing public health threat harboring pathogenic bacteria such as Salmonella, E. coli, S. aureus linked to
foodborne illness. A continuous monitoring system is needed to ensure safe and quality milk.

1. Introduction

Water buffalo holds a strategic place in Asian countries as more than
98 % of the 205 million water buffaloes in the world reside in Asia (FAO,
2025). Water buffalo milk is well known for its high milk quality (Hao
et al., 2021), and globally, it is second only to cows’ milk in terms of
popularity and consumption (Felice et al., 2021). Around 1.52 million

buffalo heads reside in Bangladesh (Department of Livestock Services
DLS, 2024), mostly are indigenous non-descriptive types where some
cross breed with Murrah, Nili-Ravi, Surti and Jaffrabadi are distributed
surrounding the Indian borders of Bangladesh (Hamid et al., 2016).
Buffaloes are mainly reared by the traditional farming system. Being
traditional, the hygienic quality of milk is often suboptimal due to
inappropriate milking practices, handling, inadequate storage and
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cooling facilities, and transportation along the supply chain (Singha
et al., 2023a, 2021a). Unlike milk, buffalo meat contributes about
0.94 % in Bangladesh. The popularity of meat is growing for its low
cholesterol level and high quality. However, a large number of buffaloes
are sold in the market in disguise of beef in a lower price in Bangladesh
(Hamid et al., 2016).

Bulk milk somatic cell count (BMSCC) is a strong indicator and
threshold for milk quality, and strong positive relationship was
demonstrated between somatic cell count (SCC) and mastitis in different
species like cattle, sheep, goat and buffalo (Moroni et al., 2006; Smistad
et al., 2021; Bobbo et al., 2017; Ozenc et al., 2011). The SCC increases
mainly in response to intramammary infection (IMI) in the udder
(Zecconi et al., 2019). Elevated SCC levels in milk can adversely affect its
quality and safety, leading to reduced milk yield and decreased shelf-life
of milk and its derived products (Troendle et al., 2017; Ma et al., 2000).
Moreover, elevated bulk milk SCC may compromise the shelf life of
pasteurized milk by increasing levels of heat-stable proteases and lipases
originating from the animal with increasing milk SCC (Barbano et al.,
2006). According to EU Regulation no. 853/2004 (European Union,
2004), for bulk milk, the SCC limit of 400,000 cells/mL has been
determined solely for cow milk. In Italy, according to decree 9 may,
1991 n.185 regulation concerning hygiene requirements for raw milk
intended for use in the production of high-quality pasteurized fresh
milk, the raw milk must meet the following criteria such as bacterial
count at + 30 °C (per mL): not more than 100,000 CFU/mL and SCC not
more than 300,000 cells/mL, while different values are accepted in
Canada 500,000 cells/mL (Barkema et al., 2013), and USA (750,000
cells/mL) (Norman et al., 2009). However, some states in the USA have
recently lowered their state limits as significant variation in average
BMSCC is observed across different states, and many dairy processors
have already imposed stricter standards on their producers (Norman
etal., 2011). Moreover, the average SCC for the herd participating in the
dairy Herd Improvement Program in the USA declined to 200,000
cells/mL by 2012. Currently, there are no systematic assessments of
BMSCC, penalties, or premiums depending on the level of SCC in bulk
milk in the dairy industry of Bangladesh. But the level of informal
awareness about milk quality, such as avoid milk from visible mastitis
animal and reject abnormal milk, are often practiced by the buffalo
farmers. However, it can become an indicator of quality milk in the
future.

Together with the SCC, other bacterial indicators including Total
Bacterial Count (TBC), total Staphylococcus aureus count (TSA), total
non-aureus Staphylococcal count (TNAS), total Enterobacteriaceae count
(TEC), are important when ranking the hygienic quality of milk
(Anderson et al., 2011; Berhe et al., 2020). TBC is an internationally
accepted microbial indicator for milk quality and is widely used for
grading milk to ensure safe consumption and processing of dairy prod-
ucts (Wang et al., 2023). An increase in TBC is related to environmental
contamination, such as unclean milking equipment, unclean udder and
teats, and IMI-causing organisms (Bava et al., 2011; Pantoja et al.,
2009). It is often associated with increased enzyme activity that can
result in textural and flavor defects in milk and processed dairy products
(Murphy et al., 2016). The acceptable limit for TBC in Bangladesh is
< 2 x 10* per mL of milk (Bangladesh Standards and Testing Institute
(BSTI), 1009:1982). But its enforcement in local markets, particularly
for raw buffalo milk or informal milk chain is limited. Similarly,
Staphylococcal contamination can occur from raw milk produced by
milked cows suffering from mastitis, food handlers, or poor hygiene
practices. In contrast, Enterobacteriaceae indicates direct or indirect fecal
contamination of food (O’Brien et al., 2009). Moreover, buffalo milk
naturally carries different organisms. In a recent study in India on mi-
crobial diversity of milk revealed the abundance of Staphylococcus,
Enterococcus, Escherichia, Streptococcus, Lactococcus spp. in clinical,
subclinical and healthy milk samples of Jafarabadi buffalo (Patel et al.,
2019). In Pakistan, study on Nili Ravi buffalo reported the high preva-
lence of Staphylococcus in both healthy and mastitis buffalo milk along
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with other dominant bacterial genera such as Streptococcus, Cor-
yenebacterium, Bacillus, Herbaspirillum (Salman et al., 2023).

Staphylococcus and Enterococcus spp. were also found to be signifi-
cantly higher in mastitis buffalo milk samples (Li et al., 2024). These
reports indicated different organisms that causes foodborne illness may
enter the milk chain directly from buffalo. In staphylococcal foodborne
illness, enterotoxin produced by S. aureus is a major cause of food
poisoning which is mainly associated with a form of gastroenteritis,
vomiting and diarrhea (Argudin et al., 2010). In case of E. coli., patho-
genic E. coli. reported to cause illness like diarrhea and abdominal pain
in humans (Kashima et al., 2021; Lim et al., 2020).

The above mentioned quality indicators are found correlated in some
study findings. Correlation among the BMSCC and other bacterial counts
have been reported in the milk of the dairy cows (Pantoja et al., 2009),
goats (de Geus et al., 2024; Koop et al., 2010) and sheep (Gonzalo et al.,
2006) but not in water buffaloes yet. Moreover, the unique buffalo
production system, traditional milking technique with minimum hy-
giene intervention, and warm climate may influence the somatic cell and
bacterial counts in the milk chain. Therefore, investigating the correla-
tion between BMSCC and bacterial counts is critical to understand the
udder health and related risk in buffalo milk chain.

A better understanding of the milk BMSCC, bacterial counts, and
their relationships would help troubleshoot the milk quality problem.
The water buffalo population in Bangladesh is growing. Yet, the value
chain remains with limited regulations and checkpoints. The milk safety
is critical as there is limited surveillance of microbial contamination in
informal milk supply chain. Creating knowledge on quality milk is
crucial in assisting farmers to decrease BMSCC and other counts to meet
the standards. Assessing their correlation is required to address under-
lying risk factors. This study aims to estimate the BMSCC, bacterial
counts, and their correlations at the buffalo milk supply chain from the
farm to collection center/shop level from where the milk reaches
directly to the consumer.

2. Materials and methods
2.1. Study area and study design

This cross-sectional study was conducted at Subarnachar upazila in
the Noakhali district (22.8246°N, 91.1017°E) of Bangladesh in April
2021. Noakhali district is one of the concentrated buffalo farming areas
in the Southeastern part of Bangladesh, where buffalo are mainly reared
in bathan (free range) and semi-free range farming system and some
scattered households (Habib et al., 2017; Singha et al., 2021b).

In this study, three nodes of the milk supply chain (farms, mid-
dlemen, and milk collection centers) were selected. The farm selection
mechanism has been detailed in two previous studies in this project
(Singha et al., 2023a, 2021b). During sample collection, one hundred
and thirty-two milk samples were collected from three different points:
farm (n = 45), middlemen (n = 42), and collection center (n = 45).

2.2. Sample collection, preservation, and transportation

Farms were selected by making a comprehensive list of farmers who
had at least 3 lactating buffalo with the help of regional livestock offi-
cers, local farmers, and owners of the different milk collection centers.
After that, a convenient selection procedure was performed by using the
list of farmers and considering the buffalo-concentrated areas. Farmers
were contacted to identify the farm location and number of lactating
buffaloes. The detailed selection procedure was explained in our pre-
vious study (Singha et al., 2023b). Middlemen samples were collected
within 1 h after collection from the household/ semi-free-range farm,
and final mixed bulk milk samples were collected from each collection
center/shop approximately 1 h after delivery by farmers or middlemen.
No missing data was obtained during sampling.

Bulk milk was thoroughly mixed, and from each farm, middlemen,
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and collection center, 10 mL of milk was collected aseptically in a sterile
screw-capped falcon tube for bacterial counts. BMSCC was performed
immediately after collection. Due to the remote buffalo concentrated
study area of the bacteriology lab, the milk samples were stored
immediately in the icebox (4°C) and transferred to the freezer (-10 to
—15°C) available in the nearby UVH after each day collection. After that
samples were transported to the Udder Health Bangladesh laboratory at
Chattogram Veterinary and Animal Sciences University and stored at
—20 °C until for further bacterial analysis. Quantification of bacteria
was performed 24 hr after the samples were stored. However, previous
studies suggest that the temperature might cause a little variation on
bacterial counts during long storage condition (Alrabadi, 2015).

2.2.1. Bulk milk somatic cell count

BMSCC was performed at the farm level (n = 45) by using the
DeLaval cell counter (DCC) (DeLaval Group, Stockholm, Sweden;
Sensitivity 88 % and Specificity 80 %) immediately after collecting the
milk samples. The DCC displays the BMSCC results as cells/ mL of milk.
Analyses followed manufacturer instructions immediately after bulk
milk collection at the farm level. Briefly, a small amount of milk (around
60 pL) was loaded into the cassette and inserted into the DCC. The DCC
determines SCC optically on a cassette by staining with a DNA-specific
fluorescent reagent. With the help of a digital camera, pictures of the
cell nuclei were taken individually, and the SCC results were displayed
immediately on the screen within 45 s. The DCC displayed the BMSCC
results as cells/ mL milk minutes after inserting the cassette.

2.3. Quantification of bacteria

2.3.1. Total bacteria count

The pour plate technique was carried out following ISO 4833-1
standard (International Organization for Standardization ISO, 2013)
described by Singha et al (Singha et al., 2023a). to estimate the TBC.
Briefly, milk samples were serially diluted up to 10~ using 0.9 % sterile
normal saline. Then, from each dilution, 1 mL aliquots of each of the
ten-fold dilutions were mixed with 15-20 mL of molten plate count agar
(PCA) (Oxoid Ltd, Basingstoke, Hampshire, UK), and the petri dish was
rotated for 5-10 s to mix thoroughly with the media and left to solidify.
After that, the plates were incubated aerobically at 30 °C for 72 h.
Bacterial counts were made on up to five inoculated dilutions on the
plates containing between 30 and 300 colonies, and the last countable
dilution was considered as a result and expressed as CFU/ mL by using
the following formula: Colony counts in the final countable dilution x
dilution factor/ mL of milk x 1.1 = CFU/ mL of the original culture.

2.3.2. Total staphylococcal count

The Staphylococci count was determined using the surface plate
technique following Vicosa et al (Vicosa et al., 2010). Briefly, samples
were serially diluted up to 10~°. For each sample, 0.1 mL was vortexed,
and diluted milk/curd samples from each 10-fold dilution of the sample
were spread evenly over the solidified Baird-parker agar (Oxoid Ltd,
Basingstoke, Hampshire, UK) and incubated at 37 °C for 48 h. Counts
were made for S. aureus (TSA) and Non-aureus Staphylococcus (TNAS)
on the plates with < 300 colonies to enable counting. The counts were
converted into CFU/mL by following the formula. Colony count in the
final countable dilution x dilution factor/ mL of milk sample= CFU/ mL
of the original culture

2.3.3. Total enterobacteriaceae count

Total Enterobacteriaceae count was performed using the pour plate
technique following 5th ed. NMKL-144 (Nordic Committee on Food
Analysis) standards. Briefly, samples were serially diluted up to 10>
dilution. A 1.0 mL vortexed diluted milk/curd sample from each 10-fold
dilution was mixed with 10 — 15 mL VRBG agar in a petri dish and
rotated for 5-10 s for proper mixing. The agar plate was left to solidify,
and an overlay of 5-10 mL VRBG was added. The agar plates were
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incubated at 37°C for 48 h. Counts were made on up to four inoculated
dilutions (1072 - 107%) on the plates with counts < 300. The last
countable dilution was considered and converted into CFU/mL using the
formula: Colony counts in the final countable dilution x dilution factor/
mL of milk sample= CFU/ mL of the original culture.

An oxidase test was performed to differentiate the non-
Enterobacteriaceae from the Enterobacteriaceae family. Five promi-
nent colonies were randomly selected for an oxidase test while counting
bacteria from each agar plate.

2.4. Statistical evaluation

Data collected from different farms and milk nodes and results from
bacteriological analyses were entered into the Microsoft Excel spread-
sheet for 2013 (MicrosoftCorp., Redmond, WA, USA). Data cleaning,
coding, and integrity were thoroughly checked in MS Excel before
exporting to STATA-IC-13 (StataCorp, Texas, USA) for statistical anal-
ysis. Summary statistics were performed for different bacterial counts
(TBC, TSA, TNAS, TEC) for every node of the milk value chain (farm
level, middlemen, collection center), and results were expressed as a
mean median. Correlation between bacterial counts was performed
using the Pearson correlation test to investigate potential correlations
between BMSCC and bacterial counts. The P value of < 0.05 was
considered statistically significant.

3. Results
3.1. Bulk milk somatic cell count

The distribution of BMSCC in studied buffalo farms (n = 45) is pre-
sented in Fig. 1. The geometric mean of BMSCC was 4.1 x 10° (95 % CI:
3.5-4.9) cells /mL of milk whereas the arithmetic mean of BMSCC was
4.8 x 10° (95 % CIL: 4.0-5.5) cells /mL of milk at the farm level. The
median BMSCC and its quartiles are presented in Table 1.

3.2. Bacterial counts along the milk chain

The distribution of bacterial counts along the milk chain is presented
in Fig. 2. The tested sample was 100 % positive for TBC (n = 132), 99 %
positive for TNAS (n = 91), 54-55 % (n = 72) positive for TEC, and
29-30 % (n = 39) positive for TSA.

The mean TBC was 5.5 log 19 CFU per mL (95 % CI: 5.3-5.7) at the
farm level which increased to 6.8 logyo CFU/mL (95 % CI: 6.5-7.0) at
the collection center. The mean TNAS observed at the farm level was
2.6 log19 CFU/mL (95 % CIL: 2.4-2.9) increased to 3.9 log;o CFU/mL
(95 % CI: 3.5-4.1) at the collection center. The increasing TEC also
observed such as 2.9 log;o CFU/mL (95 % CI: 2.4-3.4) at the farm level
increased to 3.9 logyp CFU/mL (95 % CI: 3.5-4.3) at the collection
center. Overall bacterial counts showed a significant and progressive
increase (P < 0.01) along the milk supply chain with the exception of
TSA. Although TSA count also increased from 1.7 log;o CFU/mL (95 %
CL: 1.2-2.1) at the farm to 1.8 log;9 CFU/mL (95 % CI: 1.4-2.1) at the
middlemen and 2.1 log;o CFU/mL (95 % CI: 1.6-2.6) at the collection
center, the difference was not statistically significant.

3.3. Pair-wise correlation (r) among the BMSCC and bacterial counts

A higher correlation was observed between TBC and TNAS (r = 0.55;
p < 0.001) while BMSCC showed a significant correlation with TNAS
(r =0.35; p < 0.05), Other pairwise combinations of bacterial counts
showed weaker correlations. Pair-wise correlation (r) of different bac-
terial counts at other nodes (farm, middlemen, and collection center) is
presented in Table 2.
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Fig. 1. Distribution of Bulk milk somatic cell count at 45 studied buffalo farms in Noakhali district, Bangladesh.

Table 1
Mean bulk milk somatic cell count obtained from buffalo farms (n = 45) in
Noakhali district, Bangladesh.

Unit of Geometric Mean BMSCC (x10° cells/mL) BMSCC (x10°
measurement (95 %CI) cells/mL)
4.1 x 10° (95 % CI: 3.48-4.88)

Lowest 25 % 2.8

farms
Lowest 50 % 4.37

farms
Lowest 75 % 6.53

farms

BMSCC = Bulk milk somatic cell count/mL of milk, CI= Confidence Interval
4. Discussions

BMSCC is considered a key indicator of milk quality and udder
health. Monitoring the production level is needed to ensure milk quality
throughout the chain. The geometric mean of farm BMSCC was
4.1 x 10° cells/mL of milk, which was higher than previously reported
buffalo studies in Bangladesh (Singha et al., 2023a, 2021b) and other
buffalo studies in different countries (Moroni et al., 2006; Dhakal,
2006). High BMSCC in the farm has been reported to be associated with
the presence of an IMI (Moroni et al., 2006), and several other factors
such as practicing foremilk, milking mastitic cow first, using water to
wash teat have also been reported (Tadich et al., 2003). BMSCC is also
found associated with milk yield and quality traits (Costa et al., 2020).
Moreover, BMSCC than the threshold level may reflect the udder health
infection, thermal stress due to hot humid temperature in this region,
seasonal based rearing system and poor management practices which
may lead to economic loss and reduce milk quality (Singha et al.,
2023a). Moreover, IMI is considered to be the most critical factor for
increasing BMSCC, suggesting that improving buffalo udder health
might reduce BMSCC (Singha et al., 2023a). IMI in buffaloes are mainly
caused by Staphylococcus spp. such as S chromogenes, S. hyicus, and S.
epidermidis, S. aureus etc. which may possess antimicrobial resistance.
Other risk factors include the cleanliness of the hind quarter, body
condition score, udder symmetry, rearing system, milking hygiene,
frequency of milking per day, number of milkers during milking are also
found associated with the buffalo IMI (Singha et al., 2023a, 2021b).

Buffalo is reared in semi-bathan conditions, primarily on grazing
fields with few wallowing facilities. Due to the tropical environment,
this stressful condition could be attributable to increasing BMSCC.
Farmers in the study area neglected hand and udder washing pre and
post-dipping of teat before milking; likely contributing to IMI and thus

increasing BMSCC. However, using teat dipping and practicing pre and
post-dipping significantly decreased BMSCC (Jayarao et al., 2004).

This study demonstrated that bacterial count increased along the
milk chain, posing a potential threat to milk quality for consumption.
The mean TBC observed at different nodes of the milk chain (farm,
middleman and collection center) was higher than the acceptable
threshold of 4.6 log;p CFU/mL set by the Bangladesh Food Safety Au-
thority. The findings of high TBC were similar to some previously
documented studies in Bangladesh (Singha et al., 2023a; Islam et al.,
2018). These results indicate inadequate milking, milk handling hy-
giene, improper storage and transportation of raw milk along the supply
chain cause high loads of bacteria into the milk chain (Kalmus et al.,
2015; Ndahetuye et al., 2020). At farm level, raw milk TBC is primarily
driven by the herd factors such as herd size, milking and udder hygiene,
milking container, water source, storage temperature etc. which may
influence the increase TBC at farm level. At middlemen, improper
storage and transportation and collection centers hygienic status of the
milk can, storage may affect the increase bacterial counts in milk
(Singha et al., 2023a; Piepers et al., 2014). Elevated TBC directly asso-
ciated with the presence of pathogenic bacteria such as E. coli, S. aureus,
Salmonella, Listeria, and Campylobacter causing gastrointestinal illness,
systemic infections, and severe hemolytic-uremic syndrome and men-
ingitis (Berhe et al., 2020). The findings of TNAS might be due to the
higher BMSCC recorded in the study, as NAS was the predominant
IMI-associated bacterial species found in previous buffalo studies
(Kashima et al., 2021; Singha et al., 2024). NAS can be also found on
bovine skin, teat canals, as well as animal farm’s environment and may
lead to contamination of milk (Hamel et al., 2020). While NAS is
considered less virulent but it acts as a reservoir for antibiotic resistance
genes in milk and dairy equipment (Pizauro et al., 2019). S. aureus can
produce heat-stable enterotoxins causing food borne illness (Kadariya
et al., 2014). Several staphylococcal foodborne outbreaks had been re-
ported in several countries like Vietnam in 2018 (Le et al., 2021), Italy in
2015 (Vitale et al., 2015), Zimbabwe in 2014 (Gumbo et al., 2015) and
Australia in 2012 (Pillsbury et al., 2013).

The increasing TEC from farm to collection center reported in this
study is similar to previous studies (Islam et al., 2018; Knight-Jones
et al., 2016). This finding also indicates that contamination may in-
crease along the supply chain and rise above the threshold level
involving some factors. The presence of Enterobacteriaceae in milk, for
example, is related to fecal contamination and unhygienic milk handling
practices along the milk chain. However, others have reported that some
herd management practices were associated with E. coli. contamination,
such as milking hygiene, milk handlers hygiene (Piepers et al., 2014;
Mhone et al., 2011) at farm and other nodes of the milk chain. The
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Fig. 2. Bacterial counts at three different nodes of the buffalo milk supply chain at Noakhali district Bangladesh, represented in the box plot where (A) represents the
total bacterial count; (B) the total non-aureus staphylococci count; (C) the total Staphylococcus aureus count, and (D) represents the total Enterobacteriaceae count
with the level of significance: ** =P < 0.01; *** =P < 0.001; **** =P < 0.0001, ns=not significant.

enteropathogenic E. coli. are associated with enterohemorrhagic dis-
eases in human. Enteropathogenic toxin-producing E. coli. (STEC) occur
in children, likely through household livestock fecal contamination
through foodborne routes (Lambrecht et al., 2022). Enterobacteriaceae
often harbor resistance genes, posing antibiotic treatment challenges
(Nahar et al., 2023). Moreover, several diarrheal disease outbreaks had
been reported in different countries like Japan in 2020 (Kashima et al.,
2021), South Korea in 2018 (Lim et al., 2020), United Kingdom in 2014

(Newitt et al., 2016) and Germany in 2011 (Buchholz et al., 2011).
The current study observed a significant correlation of BMSCC with
TNAS (r = 0.35), which was in line with the findings of Koop et al (Koop
et al., 2010). This indicates that the number of Staphylococci reflects, to
some extent, the udder health status of a herd (Koop et al., 2010).
Jayarao et al (Jayarao et al., 2004). also reported that an increase in the
frequency of isolation of Staphylococci was significantly associated with
an increased BMSCC. A previous study also reported that, in specific
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Table 2

Pair-wise correlation of BMSCC and bacterial counts at different nodes (farm,
middlemen, and collection center) of buffalo milk chain in Bangladesh with
significance level: * = P < 0.05; *** =P < 0.001.

Item 1TBC TNAS
Farm BMSCC 0.35%
2TNAS 0.55 ***
Middlemen STEC 0.40 *
Collection center TNAS 0.31%
TEC 0.39*

BMSCC: Bulk milk somatic cell count, *TBC: Total bacterial count, 2TNAS: Total
non-aureus Staphylococci count, *TEC: Total Enterobacteriaceae count.

NAS associated IMI, BMSCC may remain low. Such as IMI with
S. xylosus, S. cohnii, and S. equorum were associated with low SCC, while
a high SCC IMI associated with S. capitis, S. gallinarum, S. hyicus, S.
agnetis, or S. simulans (Condas et al., 2017). A positive significant cor-
relation was also observed between TBC and TEC(r = 0.40) and also for
TBC and TNAS (r = 0.55) at different nodes, which was also following
some other reported findings (Pantoja et al., 2009; Pyz-fL.ukasik et al.,
2015; Marshall et al., 2016). A significant correlation between TBC and
prevalence of S. aureus (P < 0.01) and E. coli. (P < 0.01) were reported
by Lan et al (Lan et al., 2017). This suggests that more attention should
be paid to S. aureus and E. coli when TBC counts of milk are unusually
high. This association between TBC and TEC might be explained by
considering potential sources of Enterobacteriaceae, such as coliforms
commonly found in fecal matter and dairy cows’ environments.
Enterobacteriaceae, such as coliform, are widely found in fecal matter. In
the environment of farms, identifying some risk factors for increased
TEC in bulk milk might also identify sources of increased TBC (Pantoja
et al., 2009).

In Bangladesh, the buffalo milk chain is not regulated and poorly
controlled and milk reaches consumers without checking quality stan-
dards. The bacterial counts found in this study highlight the risk to food
safety in terms of milk quality and shelf life along the buffalo milk supply
chain. BMSCC and bacterial count-related parameters help troubleshoot
farm-based milk quality problems, such as investigating sources of IMI,
bacterial contamination in bulk milk, milking hygiene, and milking
machines or milkers’ sanitation. Therefore, a milk traceability system
should be introduced in the buffalo milk supply chain. Regular BMSCC
should be incorporated into farm routine management and bacterial
counts should be routinely monitored at the consumers level to ensure
safe and quality milk. Bangladesh food safety authority should propose
threshold for BMSCC and bacterial counts to enforce regular BMSCC and
TBC, TNAS, TSA and TEC quality check for buffalo milk at market place
based on regional study findings to ensure consumers’ safety. Buffalo
milk chain contamination point and associated risk should be identified
properly to minimize the level of contamination.

5. Conclusions

This study evaluated the milk quality indicators such as the bulk milk
somatic cell count, bacterial counts and their correlations from farm to
collection center along the buffalo milk supply chain in Bangladesh.
Monitoring the production level is needed to ensure milk quality
throughout the chain. The buffalo milk value chain with limited regu-
lations and checkpoints in these regions contributed to high bacterial
counts. Moreover, high BMSCC in the farm associated with the intra-
mammary infection and its correlation with the bacterial counts de-
teriorates the milk quality along the supply chain. The findings
highlighted the increased bacterial contamination risk along the milk
supply chain, emphasizing the potential threat to public health.
Continuous monitoring of food borne bacteria and associated risk should
be measured. This study calls for the implementation of strict moni-
toring of BMSCC and other quality indicators and introducing a milk
traceability system in the buffalo milk chain in Bangladesh. Low cost
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farmers training on hygienic milk production such as cleanliness of
milkers’ hands and udder before milking, using sanitary containers and
lid, proper storage and cooling are recommended to ensure safe milk.
Farmers might also be encouraged to adopt better practices by offering
premium price or support from the government and cooperatives for
ensuring continuous supply of good quality milk. A specific policy
should be introduced by Bangladesh food safety authority to enforce
acceptable limit for BMSCC and TBC, TNAS, TSA and TEC for buffalo
milk at market place based on regional study findings as well as aligning
with international standards to ensure consumers safety. Moreover, the
cross- sectional study has inability to determine causality which may
slightly influence the interpretation of the study.

Limitations of the study

Due to the remote buffalo-concentrated study area of the bacteri-
ology lab, it was impossible to culture the milk samples immediately
after collection. This could be attributed to the mild alteration of the
bacterial results in the collected samples. A convenient selection process
was performed due to some highly concentrated buffalo areas, which
might have affected the outcome.
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