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SUMMARY:: Cow milk is initially contaminated on the inner surface of the teat canal.
Microbes from teat surfaces, milkers’ hands, equipment, poor hygiene and
unhygienic environments contribute to raw milk contamination on farms and along
the milk collection chain, leading to high bacterial counts that compromise milk
quality. Total Bacterial Count (TBC) is a key indicator of raw milk quality, relevant
to processors, consumers, and public health decision making. This study aimed to
assess TBC along the milk collection chain, including farms, milk collecting points
(MCP), milk chilling centres (MCC), and a milk processing plant (MPP) across
different climatic zones in Sri Lanka from January to December 2024. A total of 353
raw milk samples were collected from farm cans, 40 L cans, chilling tanks, bowsers,
and storage tanks, and tested by Total Plate Count (TPC). Samples included 93
(farm), 150 (MCP), 46 (MCC), and 64 (MPP). Median TBC values were 4.40x10°,
4.80x107, 9.35x107, and 6.00x10® cfu/ml, respectively, while mean values were
2.11x10%, 3.79x108%, 6.11x10%, and 1.27x10° cfu/ml. TBC differed significantly among
collection points (p<0.05), with Tukey’s HSD test identifying milk at the MPP as most
contaminated. A substantial increase was observed from MCP to MPP. No
statistically significant relationship was found between TBC and milk temperature,
likely due to fluctuations during transport. Titratable acidity showed a weak, non-
significant positive correlation with TBC. This study demonstrates progressive
bacterial contamination along the collection chain, with the highest levels at the
processing plant. Adoption of good hygienic practices at farm and collection levels is
essential to ensure milk safety, improve product quality, and protect public health.
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INTRODUCTION

Cow’s milk is a nutritionally important food and a
major source of essential nutrients for humans. In
healthy animals, milk is secreted as a sterile fluid in
the alveoli of the udder; however, it may become
contaminated initially at the inner surface of the milk
cistern and teat canal. Microorganisms present on
the teat surface, milkers’ hands, milking utensils,
and the farm environment are common sources of
microbial contamination. Furthermore, inadequate
hygienic practices during milking, collection,
storage, and transport exacerbate contamination, as
milk provides an ideal medium for bacterial
proliferation. High bacterial loads, including
spoilage organisms and potential human pathogens,
compromise the safety and quality of raw milk and
its products, posing risks to public health. In
addition, intentional adulteration practices such as
dilution or the use of additives to mask microbial
spoilage further reduce milk quality. The production
of high quality dairy products is therefore dependent
on the microbial quality of raw milk.

Total Bacterial Count (TBC), commonly assessed
using the Total Plate Count (TPC), is widely used as
an indicator of raw milk quality. Regulatory
standards for TBC vary internationally: the Sri
Lanka Standards Institute (SLSI) has proposed a
limit of 3x10° cfu/ml, while India’s Food Safety and
Standards Regulation (FSSR, 2006) set the limit at
2x10° cfu/ml, and the European Union Regulation
605/2010 specifies 1x10° cfu/ml (European Union
Regulation605/2010).

In Sri Lanka, only a limited number of studies have
assessed TBC along the milk collection chain. For
example, Ubeyratne et al. (2014) reported mean
total viable counts of 10° cfu/ml in raw milk at
primary production in the Central Province.
Similarly, Senarath et al. (2017) observed elevated
Standard Plate Counts (SPC) in samples from
chilling centres, transportation vessels, and farms in
Anuradhapura District, while De Silva et al. (2015)
reported TPC levels of 10°-107 cfu/ml in chilling
centres in Kurunegala District. However, these
studies were limited to selected geographic areas
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and specific objectives, and thus are insufficient to
establish a national profile of raw milk quality.

A comprehensive understanding of TBC across the
milk collection chain in different climatic zones is
essential for ensuring milk safety, improving
compliance with food safety standards, and
supporting the  development of effective
interventions. Therefore, the objective of the present
study was to evaluate the total bacterial count in raw
milk collected from dairy farms, milk collecting
points, chilling centres, and processing plants in Sri
Lanka.

MATERIALS AND METHODS

The study was conducted from January to December
2024. Raw milk samples were collected across the
milk collection chain, including dairy farms, milk
collecting points (MCPs), milk chilling centres
(MCCs), and milk processing plants (MPPs). They
were collected aseptically in sterile sample bottles,
transported at 4 °C, and analysed on the same day.
Samples from farms and MCPs were analysed at
Veterinary Investigation Centre laboratories in 10
districts, while those from MCCs and MPPs were
tested at the Dairy Technology Laboratory,
Veterinary Research Institute. Samples received at
MPPs during the night were frozen and tested the
following day.

The total bacterial load was estimated using the
standard microbiological method, Total Plate Count
(TPC), as described by Emma et al. (2020). Milk
samples were thoroughly mixed, and ten-fold serial
dilutions were prepared by inoculating 1 ml of milk
into 9 ml of 0.1% sterile peptone water. Aliquots of
0.1 ml from appropriate dilutions were spread-plated
in duplicate on nutrient agar and incubated at 37 °C
for 48 hours to enumerate total aerobic mesophilic
bacteria, including spoilage organisms. Plates
yielding 30-300 colonies were selected for
enumeration, and results were expressed as colony
forming units (cfu) per ml of milk using the
following formula:

Colony count (cfu/ml) = Total number of
colonies x Dilution factor

Volume of initial sample

Titratable acidity of raw milk was determined using
phenolphthalein as an indicator. A 9 ml aliquot of
milk was titrated against 0.1 N sodium hydroxide
solution until a faint pink endpoint was observed.
Titratable acidity (%) was calculated as:

Titratable acidity (%) =
Volume of 0.1 N NaOH (ml) x 0.1

During sampling, ancillary data including ambient
temperature and transport duration were also
recorded.

For statistical analysis, descriptive statistics were
generated using Microsoft Excel. Further analyses,
including one-way  ANOVA, correlation
coefficients, and Tukey’s HSD test, were performed
using SPSS (version 29).

RESULTS

A total of 353 raw milk samples were collected from
18 districts across Sri Lanka. Of these, 243 samples
were obtained from dairy farms and Milk Collecting
Points (MCPs) in nine districts (Colombo, Kalutara,
Kandy, Galle, Vavuniya, Trincomalee, Badulla,
Ratnapura, and Anuradhapura). The remaining 110
samples originated from Milk Chilling Centres
(MCCs) and Milk Processing Plants (MPPs) located
in 13 collection sites across 15 districts. The number
of samples collected from farms, MCPs, MCCs, and
MPPs was 93, 150, 46, and 64, respectively (Table
1).

Table 1. Descriptive statistics of the Total Bacterial
Count in farms, Milk Collecting Points (MCP), Milk
Chilling Centres (MCC) and Milk processing Plants
(MPP)

Location | total No. | Rejected No of Median Mean
sample of raw samples samples | TBC TBC
collected | milk (TBC analysed | cfu/ml cfu/ml

samples | more than
10 10
Farm 93 20 73 4.40x10°% | 2.11x108
MCP 150 32 118 4.80x107 | 3.79x108
mcc 46 4 42 9.35x107 | 6.11x10°
MPP 64 9 55 6.00x10% | 1.27x10
9
Total 353 65 288 1.86x10® | 6.18x108

Samples with total bacterial counts (TBC) >10'°
cfu/ml were excluded from analysis, accounting for
18% of total samples, primarily those from farms
and MCPs. The median TBC values were 4.40 x 10°
cfu/ml (farm), 4.80 x 107 cfu/ml (MCP), 9.35 x 107
cfu/ml (MCC), and 6.00 x 10 cfu/ml (MPP) (Table
1). The mean TBC values were 2.11 x 108, 3.79 x
108, 6.11 x 10%, and 1.27 x 10° cfu/ml for farm,
MCP, MCC, and MPP samples, respectively. The
overall mean TBC across the milk collection chain
was 6.18 x 10® cfu/ml. A gradual increase in
bacterial load was observed from farms to MPPs
(Table 2).




Table 2. No. of samples in different levels of Total
Bacterial Count (TBC) in the milk collection chain

No. of samples

TBC [Farm [ MCP_ [ MCC [ MPP
1x104 6 0 0 0
1x10° 15 3 2 2
1x10° 26 31 4 3
1x107 14 40 15 10
1x108 9 30 12 21
1x10° 3 13 9 19
1x1010 20 33 4 9
Total 93 150 46 64

Analysis of variance (ANOVA) indicated
statistically significant differences in TBC among
the four collection points (farm, MCP, MCC, and
MPP) (p = 0.000259). Tukey’s HSD post-hoc test
revealed that milk received by MPPs had the highest
contamination level (p-adj = 0.0000822). A
marginally significant difference was observed
between farms and MPPs (p-adj = 0.055), whereas
other pairwise comparisons were not statistically
significant (p-adj > 0.05) (Figure 1). These findings
indicate a substantial and progressive increase in
microbial contamination along the milk collection
chain.
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Figure 1. Mean of the TPC in different locations in
the milk collection chain

Temperature, Titratable Acidity, and
Handling Conditions

The mean milk temperatures recorded at the time of
collection were 29°C (farm), 29°C (MCP), 23°C
(MCC), and 12°C (MPP). The temperature of milk
samples from farms ranged between 2°C and 37°C,
while those from MCPs ranged from 15°C to 33°C.
Approximately 20% of farmers reported freezing or
chilling the evening milk at home, with most mixing
it with freshly drawn milk the following morning.
The temperature of milk samples varied
considerably across districts, independent of
ambient  conditions;  therefore, inter-district
comparisons were not performed.

At MPPs, temperature data were available for 50%
of samples. Among these, 27% were frozen at
collection, while the remainder lacked temperature
records. Correlation analysis showed no significant
relationship between TBC and milk temperature at
the farm level (r = —0.478, p = 0.162). A weak but
statistically significant positive correlation was
observed at MCPs (r = 0.162, p = 0.048).
Correlations at MCCs (r = 0.139, p = 0.355) and
MPPs (r = —0.076, p = 0.550) were weak and not
statistically significant.

Titratable acidity, measured in 110 milk samples
from MCCs and MPPs, exhibited weak positive but
statistically insignificant correlations with TBC
(MCC: r = 0.214, p = 0.153; MPP: r = 0.082, p =
0.519). Notably, 70% of MCC samples and 85% of
MPP samples showed acidity levels below 0.17%,
within the acceptable limit for raw milk as per the
Sri Lanka Standards Institute (SLSI draft).

Adulteration testing identified two noncompliant
samples, one from an MCC (formalin) and one from
an MPP (sodium bicarbonate). The average time
between milking and sampling at farms was
approximately 1.5 hours. The duration between farm
and MCP ranged from 15 minutes to 3 hours. From
MCP to MCC, 58% of samples arrived within 1-5
hours, 28% within 1 hour, and 14% after more than
5 hours. Chilling commenced upon arrival at MCCs
and required an average of 2 hours to reach 4°C.
Milk transported by bowsers to MPPs took between
0.5 and 6 hours, with an average transit duration of
3 hours.

DISCUSSION

This study was conducted as a baseline investigation
to determine the average total bacterial count (TBC)
in raw milk collected from various regions of Sri
Lanka. Samples were received from 18 districts,
with the main study area encompassing ten districts
representing the dry, intermediate, and wet climatic
zones. Therefore, the findings provide an overview
of the average TBC in raw milk across the principal
climatic regions of the country.

The culture plates were incubated at 37 °C for 48
hours to determine total plate counts (TPC), with the
intention of including both spoilage and potentially
pathogenic bacteria in the enumeration. According
to SLS 516 Part 1: Section 1, aerobic plate counts
are determined by incubating plates at 25-40 °C for
48 hours, while ISO 4833-1:2013 recommends
incubation at 30 °C for 72 hours for mesophilic
bacteria. Similarly, Bureau of Indian Standards (IS
1479 Part 1:1960) and Food Safety and Standards
Authority of India (FSSAI) specify incubation at 37
°C for 48 hours. The draft standard for TPC in raw
milk in Sri Lanka is 3 x 103 cfu/mL; however, in this
study, the median TBC values ranged from 10° to



108 cfu/mL at different points in the milk collection
chain.

The median TBC values at the farm, milk collecting
point (MCP), milk chilling centre (MCC), and milk
processing plant (MPP) were 10¢, 107, 107, and 10®
cfu/mL respectively, while the corresponding mean
values were 108, 108, 108, and 10° cfu/mL (Table 1).
This pattern indicates a right-skewed distribution,
suggesting that median values better represent the
typical microbial quality of raw milk, whereas mean
values are influenced by outliers arising from
heavily contaminated samples. Samples with
extremely high TBCs (>10'° cfu/mL) were excluded
to minimise the impact of outliers due to possible
contamination or laboratory error.

ANOVA analysis revealed significant differences in
TBC among the four collection points (p =
0.000259), indicating an overall increase in bacterial
load along the milk collection chain. Tukey’s HSD
post-hoc test showed a statistically significant
increase in TBC between MCP and MPP (p-adjusted
= 0.0000822), signifying that the most substantial
bacterial growth occurred during transportation
between these points. The difference between the
farm and MPP was marginally significant (p-
adjusted = 0.0550), while other comparisons were
not significant (p > 0.05). These findings suggest
that although bacterial contamination originates at
the farm level, significant bacterial multiplication
occurs during milk handling and transport.

At the farm level, initial bacterial contamination was
already high (10° cfu/mL), emphasising the
importance of hygienic milking practices. Once
contaminated milk enters the collection chain,
favourable environmental factors such as time and
temperature further enhance bacterial proliferation.
Thus, improving on-farm hygiene and implementing
the principles of “clean milk production” are critical
to reducing initial microbial load. Similar findings
have been reported in the Anuradhapura District,
where microbial contamination was observed at
every stage of milk handling, beginning at the farm
level (Senarath et al., 2017). Given that this study
included samples from 18 districts, the results reflect
a realistic estimate of TBC at the national level.

The temperature of milk during transportation
ranged from 29 °C to 12 °C, with extremes of 37 °C
and 2 °C observed at the farm level and 33 °C to 15
°C at MCPs. This temperature range permits the
growth of both mesophilic and psychrotrophic
bacteria. A significant relationship was observed
between TBC and temperature at MCPs, although
the effect was less pronounced at other points. Field
observations revealed that farmers often mix
refrigerated or frozen evening milk with freshly
drawn morning milk before transport, exposing milk
to fluctuating temperatures that favour bacterial

growth. Rapid cooling of milk to 4 °C within 30
minutes can reduce bacterial growth by 50%
compared to cooling after 2 hours (Cox et al., 1998);
however, this standard was rarely achieved in
practice. Although freshly drawn milk is nearly
sterile, psychrotrophic populations develop during
storage even under refrigeration (Oliveira et al.,
2015). Therefore, repeated temperature fluctuations
at the farm level substantially contribute to bacterial
multiplication.

Milk cans are generally transported from MCPs to
MCCs between 9 and 14 hours, often exposed to
direct sunlight. Only 28% of the cans reached MCCs
within one hour, mostly those delivered directly
from farms. Although chilling tanks at MCCs are set
to 4 °C, milk temperature fluctuates because milk is
added in batches at ambient temperatures, delaying
uniform cooling. In most centres, milk takes over 2
hours to reach 4 °C, during which microbial
proliferation occurs (Cox et al., 1998). Residual
milk occasionally stored overnight at 4 °C further
supports psychrotrophic growth, leading to higher
TBCs at the processing plants. At MPPs, 50% of
samples had an average temperature of 1 °C, with a
minimum of 4 °C and a maximum of 24 °C. These
variations indicate that milk undergoes temperature
fluctuations during transportation and storage,
promoting further bacterial growth. Transit from
MCCs to MPPs can take from 30 minutes to more
than 6 hours, during which milk temperature may
rise to an average of 12 °C, enhancing microbial
activity despite initial chilling.

Although temperature is a major determinant of
bacterial growth, the correlation between TBC and
milk temperature was not statistically significant in
this study. This is likely due to the confounding
effect of diverse bacterial species and previous
temperature exposures before sampling. Moreover,
unhygienic handling practices, contaminated
equipment, and unclean transport vehicles also
contribute to elevated bacterial loads.

The majority of milk samples showed acceptable
levels of titratable acidity (0.17) in MCCs and MPPs
in 70% and 85% of samples, respectively. Although
increasing bacterial counts generally elevate acidity
(Schmidt et al., 1996), the correlation between TBC
and titratable acidity was weak and statistically
insignificant in this study (MCC: r = 0.214, p =
0.153; MPP: r = 0.082, p = 0.519). This may be
attributed to the presence of non-acid-producing
psychrotrophs, the intrinsic buffering capacity of
milk, and variations in storage and enzymatic
activity.



CONCLUSION

The total bacterial count differed significantly
among the farm, milk collecting point (MCP), milk
chilling centre (MCC), and milk processing plant
(MPP), confirming that microbial contamination and
bacterial proliferation occur at every stage of the
milk collection chain. A marked increase in bacterial
load between the MCP and MPP highlights
inadequate hygienic handling and ineffective
temperature control during milk transportation. The
consistently high TBCs observed in raw milk
received by MPPs indicate that substandard quality
milk is frequently used for processing in Sri Lanka.
Furthermore, the elevated bacterial counts at the
farm level emphasise the importance of
implementing clean milk production practices to
minimise initial microbial contamination. The
observed fluctuations in milk temperature and
delays in cooling often exceeding the recommended
2 hours to reach 4-6 °C, further contribute to
bacterial growth along the chain. Although chilling
facilities are available at certain collection points,
poor maintenance of the cold chain facilitates the
multiplication of diverse bacterial populations in
raw milk. Strengthening on-farm hygiene, ensuring
rapid and consistent cooling, and maintaining the
cold chain throughout transportation are essential
measures to improve the microbiological quality of
raw milk used for processing in the country.
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