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ABSTRACT
The microbial quality of farm buffalo milk was evaluated during this study. A
total of 75 milk samples 25 each of fresh, bulk and transportation tank milk
were screened for total viable count, coliform count, yeast and mould, and
aerobic spore-former count. The results showed that the average TVC (5.51 log
CFU/mL), coliform (5.45 log CFU/mL), yeast and mould (3.69 log CFU/mL) and
spore former count (2.66 log CFU/mL) was significantly higher (P<0.05) in
transportation tank milk samples, followed by bulk tank samples (5.29, 4.37,
3.60 and 2.59 log CFU/mL) and fresh milk samples (4.74, 3.51, 3.48 and 1.76
log CFU/mL). It was concluded from the findings of present investigation that
average total viable count, coliform, yeast and mould, and aerobic spore former
counts were higher in transportation tank milk as compared to fresh and bulk
tank milk samples.
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INTRODUCTION
Milk and its products are full of nutrients with moisture content and neutral pH.
The milk even pasteurized or refrigerated easily favors the proliferation of
microorganisms. Hence, the quality of the milk and its products are significantly
influenced by the presence of microorganisms. At the time of milking a small
number of bacteria are present in milk of healthy animals. However, it may be
contaminated during milking operations, from the adjacent areas of the udder,
utensils used during milking; the hands of milker and from soil (Bramley and
McKinnon, 1990). Microorganisms which enter into milk or its products can easily
multiply and cause spoilage of these products, which results to be unsafe due to
potential health hazards. After milking the numbers and types of microorganisms
in milk depends on animal health, quality of utensils used and season so the
microorganisms in raw milk depend on the nature and extent of contamination
which in turn varies with the conditions of milk production, and the subsequent
storage conditions. However, certain strategies regarding feeding and housing
may also have impact on the microbiological quality of milk and the rinsing water
used for utensils may also increase the microbial population including pathogens
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in raw milk (Bramley and McKinnon, 1990; Coorevits et al., 2008). During storage
and transport the microbial quality of raw milk may change from predominant
Gram-positive to Gram-negative bacteria and approximately made 90% of their
population in stored cold raw milk (Martins et al., 2006). Among the milk
microflora spore-forming microorganisms have ability to survive thermal
treatments and later proliferate in final products (Abo-Elnaga et al., 2002). In raw
milk aerobic spore-forming bacteria (ASFB) belong to genus Bacillus. Their
spores survive pasteurization and cause spoilage of raw, pasteurized and ultrahigh temperature treated milk and dairy products (McGuiggan et al., 2002;
Coorevits et al., 2008). Several workers have reported the presence of
Escherichia coli (Soomro et al., 2002), Listeria monocytogens (Chandio et al.,
2007), lactic acid bacteria, coli forms, yeast, moulds, Staphylococcus spp. and
Clostridium spp. in raw milk. Presence of these spoilage bacteria and pathogens
in greater number may cause deterioration in the quality of buffalo milk, and may
result in potential health hazard (Boycheva et al., 2002). As the buffalo milk is
economically important in the country and from the food safety and quality point
of view this study was conducted to assess the microbial quality of farm buffalo
milk.

MATERIALS AND METHODS
Collection of milk samples
A total of 75 milk samples; 25 each from fresh milk, bulk tank milk and
transportation tank milk were collected from dairy farms at different locations of
Tandojam. The samples were aseptically collected in sterile bottles and
transported under refrigeration to the Food Microbiology Laboratory, Institute of
Food Sciences and Technology, Sindh Agriculture University Tandojam for
microbial analysis.
Microbial analysis of milk
The quarter strength Ringer’s solution was prepared for serial dilutions.
Enumeration of total viable count
The enumeration of total viable counts (TVC) was determined (IDF, 1991). The
milk samples (1 ml) from 10-1, 10-2, 10-3, 10-4, 10-5 and/ or 10-6 dilutions were
used in triplicate and transferred into Petri dishes and sterile warm (45 ±1 oC)
plate count agar medium (15ml) was mixed with inoculums and at 30°C plates
were incubated for 24-48 h.
Enumeration of coliform count
The coliform count was performed as reported by British Standard Institute (BSI,
1993). The test samples (1 ml) of 10-1, 10-2, 10-3 and/ or 10-4 dilutions were
transferred into sterile Petri dishes in triplicates and warm (45 ±1 oC) MacConkey
agar medium (15ml) was poured and mixed with inoculums and incubation was
carried out at 37oC for 24-48 hours.
Enumeration of yeast and mould counts
Yeasts and moulds were examined as described by IDF, (1990). The milk
sample (1 ml) of 10-1, 10-2, 10-3 and/ or 10-4 dilutions were transferred into sterile
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Petri dishes in triplicates and potato dextrose agar (15ml) at a temperature of 45
±1oC was used and mixed with the inoculum and incubated at 25oC for 72 hours.
Enumeration of aerobic spore-former counts
Aerobic spore former counts were enumerated as reported by Marshall (1993).
The milk sample (1 ml) was mixed in Ringer’s dilution (9 ml) and heated (80oC for
10min) to eliminate the vegetative cells, then kept into freezer for 10min. Heat
treated sample (1 ml) of 10-1, 10-2, 10-3 and/ or 10-4 dilutions were pipetted into
triplicates Petri plates and warm (45 ±1oC) sterile nutrient agar medium (15 ml)
was mixed with inoculums and incubated at 55oC for 48 h. The blank plates
without samples were used as control in all the counts. All the results were
expressed as CFU/ml.
Statistical analysis
The data obtained was analyzed statistically (Origin Version 5.1).The significant
differences between means were calculated by ANOVA using Duncan’s multiplerange test at P< 0.05.

RESULTS
Total viable count
The results presented in Figure 1 revealed that mean total viable count of fresh,
bulk tank and transportation tank milk was 4.74, 5.29 and 5.51 log CFU/mL,
respectively. It was observed that the total viable count was higher in
transportation tank milk, whereas, statistically significant differences (P< 0.05) in
the total viable count of fresh, bulk and transportation tank milk samples were
shown in the analysis of variance.
Coliform count
The mean coliform count of fresh, bulk tank and transportation tank milk was
3.51, 4.37 and 5.45 log CFU/mL, respectively (Figure 2). The results indicated
that the coliform count was significantly higher (P< 0.05) in transportation tank
milk as compared to bulk tank and fresh milk samples.
Yeast and mould count
The average yeast and mould count of fresh, bulk tank and transportation tank
milk was 3.48 3.60 and 3.69 log CFU/mL, respectively (Figure 3). The
transportation tank milk had slightly higher count. A non- significant difference
(P< 0.05) among the three sample sources was observed.
Aerobic spore-former count
The average aerobic spore former count of fresh, bulk and transportation tank
milk was 1.76, 2.59 and 2.66 log CFU/mL, respectively (Figure 4). The higher
count was observed in transportation tank milk samples. There was highly
significant difference (P< 0.05) in the aerobic spore former count among the
sources.
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DISCUSSION
Milk is an important food and is recognized as a complete diet due to its essential
nutrients. Inappropriately, due to lack of cold chain transport system, the quality
of milk at consumer level is barely maintained and this also results in the
presence of spoilage agents and food borne pathogens (Adesiyun et al., 1998).
The level of contamination mainly depends on the conditions in which milk is
produced which include animal housing, the milk harvesting, equipment, local
trading, storage and transport. Therefore, the hygienicity of a product used for
human intake could not be maintained due to these factors. Even the transport of
milk at 4°C could not be able to check the growth of some microorganisms and
produce defects if they exceed the recommended levels set by Food and
Agriculture Organization (FAO, 1998). Total viable counts are the estimation of
viable bacterial population in milk and reflect the hygienic processes adopted
during production and handling of the milk (Houghtby et al., 1994). The findings
of present study are in accord with the results of Lee et al. (1983) they observed
that raw milk obtained from Seoul, Korea had TVC ranged from 4 x 106 to 2.7 x
107CFU/mL. However, findings in present investigation suggested that the total
viable count in fresh and bulk milk samples were within permissible limits. These
results are further in line with those of Supino et al. (2004) who reported that total
bacterial count in raw milk was 5.23 Log CFU/mL. Similarly, Mesfine et al. (2015)
observed 6.67 Log10 CFU/mL. Furthermore, the total viable count of
transportation tank milk is greater than the fresh and bulk milk. This might be due
to the poor hygienic conditions (Saeed et al., 2009) and lack of the cooling
facilities (Murphy and Boor, 2000) and duration of milk storage at the farms
before marketing. Moreover, Gran et al. (2002) mentioned that unhygienic
practices during milking process affect the microbiological quality of raw milk.
Moreover, ineffective sanitizing routine of post milking process that leaving herds’
manure in contact with udder may also add in prevalent bacterial population of
raw milk.
Delay in the supply of raw milk to milk collection centers or market together
without bringing down the temperature at 4-5°C could also be detrimental to the
raw milk quality, which may allow the speedy proliferation of bacterial load within
short period of time. Furthermore, the use of unhygienic conditions and /or
improper storage at farm may contribute in bacterial proliferation. The present
investigation is in accord with the results of Lingathurai et al. (2009) that the milk
is easily contaminated after milking and during transportation to the milk
collecting center or markets due to external contamination or increased
temperature.
The incidence of coliforms may act as an indication of the sanitary conditions
and generally confirms the fecal contamination during production, handling and
storage of milk. Hence, poor hygienic conditions at the farm, low quality water
used in utensil washing and unhygienic milking practices during storage may
cause increase in the coliform count (Fook et al., 2004). Whereas, lower coliform
counts may occur due to proper cleaning and handling system and due to
hygienic practices applied at farm that result in production of high quality raw
milk. Likewise, coliform count ranged between 2.50 - 2.61 Log CFU/mL as
observed by Khan et al. (2008). Whereas, Mosu et al. (2013) have observed
lower count in raw milk samples from collected from Ethiopia. However, Fekadu
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(1994) found higher coliform counts than Desmasures et al. (1997), they reported
that 84% fresh cow milk samples had <100 CFU/mL coliform counts. The surface
of the moist or under washed milking equipments may contain coliforms which
can enter into milk and contaminate the raw milk in the countries where
sanitation is unwarranted and there is absence of the cold chain system. Apart
from food safety and public health issues, the coliforms also produce off flavors
and ultimately decrease the shelf life of dairy products.

Figure 1. Total viable count (log Cfu/mL) of fresh, bulk tank and transportation
tank milk samples

Figure 2. Coliform count (log Cfu/mL) of fresh, bulk tank and transportation tank
milk samples
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Figure 3.

Yeast and mould count (log Cfu/mL) of fresh, bulk tank and
transportation tank milk samples

Figure 4.

Aerobic spore-former count (log Cfu/mL) of fresh, bulk tank and
transportation tank milk samples
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Usually, the presence of yeast in raw milk is in low numbers (Fleet, 1990) this
may probably due to the presence of psychrotrophic bacteria in milk which
utilizes growth substrates of milk or due to excretion of bacterial metabolic end
products which may result in inhibition of yeast in milk (Viljoen, 2001). Torkar and
Teger (2008) determined 2.0 log CFU/mL yeast and mould counts. Entry of these
organisms might be due to contamination through unclean udder surface and
teat area. The use of unhygienic utensils used in milking and transport may also
contribute to the poor hygienic quality (Parekh and Subhash, 2008). Yeasts may
cause defects in dairy products by fermenting lactose and that result in gas
production with characteristic yeasty or fruity flavor (Davis, 2002). In this study
the increased yeasts and mould count may be due to the cross contamination of
milk at the farm. The increased yeast and mould count is undesirable as some of
the moulds may produce toxins and may act as pathogens (Guarino et al., 1996).
The spore-forming micro-organisms survive pasteurization and multiply in the
final products (Foltys and Kirchnerova, 2006). The aerobic spore-former bacteria
generally originate from the manure, forages and soil that may contaminate the
milk. The numbers of aerobic spore-former bacteria found in this study were
generally higher than the findings of Boor et al. (1998). Similarly, Barbano et al.
(2006) also reported low count of spores in raw milk. The udder and teat
sanitation before milking could reduce the raw milk microbial load and proper
hygienic conditions applied during storage and processing may also decrease
the microbial contamination of the end product.

CONCLUSION
Average total viable count, coliform count, yeast and mould count and aerobic
spore former count were found higher in transportation tank milk as compared to
bulk tank and fresh milk samples. Appropriate sanitary measures should be
applied from the point of production to consumption. More attention should be
focused on low temperature transportation of milk from collection to selling
points.
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