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Abstract

The present study was done to assess the sanitary / hygienic quality of milk
through standard plate count and coliform count in milk and milk products.
A total of 210 milk and milk products (42 each of raw milk, khoa, ice-creams,
flavored milk and dahi) were collected from different sources in Jabalpur city
in sterile bottles and poly bags. The bacteriological quality of milk and milk
products were examined by standard plate count (SPC) and coliform count.
The present study of milk and milk products showed that 30.9% and 64.2 %
of raw milk samples had high standard plate counts (SPC) and coliform count,
respectively. In investigation of khoa samples, higher SPC (83.34%) and
coliform count (35.66%) were observed, with significant difference among the
groups of products. Among ice-cream samples, 11.9% displayed higher SPC
while, 40.47% showed high coliform counts. The SPC and coliform count of
flavored milk viz. 76.1% and 78.5% samples were under acceptable limit
respectively, while, 23.8% and 21.4% had SPC and coliform count above
prescribed limit, respectively. The examination in dahi samples showed
42.85% and 28.57 % had higher SPC and coliform counts, respectively. The
presence of bacterial count and coliform count in milk and milk products
revealed poor sanitary conditions prevailing in the environment and thus,
consumption of same may pose public health hazard.
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Introduction

Foodborne diseases are a growing public health problem worldwide, which occur as a result of ingestion of
foodstuffs contaminated with microorganisms or chemicals. The contamination of food may occur at any step
between food production to consumption. It may occur due to unhygienic practices and contamination by polluted
water, soil or air. Food borne illness besides commonly causing gastrointestinal symptoms, are also associated with
neurological, gynaecological, immunological, multiorgan failure and cancer problems and thus precipitate mortality.
WHO reported that the burden of food borne diseases by bacteria, viruses, parasites, toxins and chemicals is around
600 million, or 1 in 10 people around globe, falls ill each year after consuming contaminated food. Out of that,
420 000 people die, including 125 000 (30%) children below 5 years of age (WHO, 2015). In a report from USA,
around 48 million people get sick from a foodborne illness with 128,000 hospitalizations and 3,000 deaths (CDC,
2015).

In food, milk have high nutritive value and moisture content, therefore these products serve as an excellent culture
medium for the growth and multiplication of microorganisms. The pathogen gain entry into milk directly from dairy
animals, milkers, farm environment particularly from water, utensils, dust etc besides udder infection. Milk products
are generally contaminated with equipments, unpasteurized milk, inadequate or faulty methods of pasteurization
[sterilization, packaging or storage and contaminated hands of occupational workers (Burton, 1986; Tassew and
Seifu, 2011). The persistence of the pathogens in the milk and milk products lead to formation of biofilms and thus,
exposure to consumers to zoonotic bacteria (Tassew and Seifu, 2011; Bashir et al., 2014; Aboubaker et al., 2016;
Nema et al., 2018). The common diseases transmitted by the milk and its products are brucellosis, tuberculosis,
salmonellosis, E. coli infections, campylobacteriosis, listeriosis etc. (Dhanashekar et al., 2012; Harve et al., 2016;
CDC, 2017; Singh et al., 2018; Thakur et al., 2019). Thus, to observe the quality of milk and milk products, the
present study included standard plate count and coliform count of the products. The study would give better idea
about the food conditions viz. sanitary quality, protection of food from spoilage and protection of health from
microbial hazard.

Materials and Methods

A total of 42 raw milk (14 each of home, dairy and vendor samples) and 168 milk products (42 each of khoa i.e.,14
each of sweet shop, khoa market and home, ice-creams, flavored milk and dahi (14 each of brand I, brand 1l and
local), was procured from different sources like vendors, homes, dairy and retail shops in Jabalpur city in sterile
bottles and poly bags and examined for the quality. Standard plate count (SPC) and coliform count of milk and milk
products was done as per the method described by Salfinger and Tortorello (2015).

Standard Plate Count (SPC)

Standard plate count was used to determine the number of microbes / ml or gm in a milk and milk products sample.
In brief, 10 ml or gm of milk and its product was diluted in 90ml of normal saline solution (1:10 dilution) and further
serial dilution were made by taking 1ml of diluted sample in 9 ml of normal saline. One ml of diluted sample was
taken on plate count agar in duplicate plates and incubated at 37°C for 24 - 48 h and was counted as “colony forming
unit" (cfu / ml or gm). For accurate counts, the optimum count should be within the range of 30 to 300 colonies /
plate.

Coliform Count

The coliform count was used to determine the number of coliforms / ml or gm in milk and milk products samples.
For this, 1 ml of serially diluted sample as mentioned above was taken and was uniformly mixed with 10 ml of
violet red bile agar (VRBA) in petriplates. After solidification of media, 5-8 ml VRB agar was overlaid in each plate
and then plate was incubated at 37°C for 18-24 h. The purple red colonies were counted from the plates showing
15-150 colonies. The cfu / ml or gm was determined using the formula cfu per ml of sample = number of colonies
/ (amount plated X dilution).

Statistical Analysis

The microbial counts were converted to logarithm of the number of colony forming units per ml of milk and its
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products samples (log CFU/ml). The data were subjected to analysis of variance, least significant difference for
comparing the means to find the difference between groups. The smallest difference (D5%) for two means to be
significantly different (P <0.05) was reported (Snedecor and Cochran, 1995).

Results and Discussion

The SPC and coliform count of milk and its products is an index of the sanitary quality and handling of milk and
hygiene at farm. It also indicates storage condition, temperature maintenance and herd health. The microbial counts
above 10°-10° cfu /ml indicate contamination of milk and aren’t fit for processing. The raw milk obtained from the
udder of healthy animals is clean, safe, sound and wholesome (O’Brien et al, 2008; Sarkar, 2016). In India, most of
the foodborne diseases are sporadic and often not reported. In nationwide study, 13.2% prevalence at the household
level was reported (Kohli and Garg, 2015).

Tablel: Bacteriological quality of raw milk

Standard plate count/ml Number of samples Coliform count/ml Number of samples
< 10 lakhs 29 (69.04%) 0- 10/ ml 15 (35.7%)
>10 lakhs 13 (30.9%) > 10/ ml 27 (64.2%)

Table 2: Bacteriological analysis of raw milk from different source (mean+SE)

Bacteriological quality Mean + S.E.
Home 5.61+0.02
SPC (log cfu/ml) Dairy 5.48+0.03
Vendor 5.92+0.22
Home 1.69+0.03°
Coliform count (log cfu/ml) Dairy 1.53+0.042
Vendor 1.60+0.02%

n=14, means with different superscripts in the same row indicate significant difference (P<0.05)

The present study revealed that 30.9% samples had high count viz. between 10-50 lakh, while, 64.2% samples had
coliform count viz. > 10/ ml. Similar findings had also been reported by various workers viz. Chatterjee et al. (2006)
reported 60% samples of raw milk had high count (>10°). Another study on raw milk obtained from vendors in
Bhopal showed SPC 6.13+0.083 cfu /ml and coliform count 4.01+0.1413 cfu / ml (Jain and Srivastava, 2014).
Likewise, an investigation from different corners in Madurai revealed higher mean SPC and coliform viz.
12.5x10%fu/ml and 103-10%cfu / ml, respectively. Further, they reported coliform bacteria to be approximately 90%
with 70% presence of E. coli from 60 milk samples tested (Lingathurai and Vellathurai, 2010). In a comparative
examination of the bacterial load in the rural and urban milk samples in Sambalpur (Odissa), the average count was
8.257 £ 0.937 log cfu / ml and 8.756 + 0.803 log cfu / ml, respectively (Minj and Behera, 2012).

Observation in developing countries also displayed poor hygienic condition of milk viz. evaluation of microbial
quality of raw milk from farmers and milk cooperatives in Ethiopia revealed the mean bacterial and coliform count
was 7.58+0.09 log10 cfu / ml and 4.49+0.11 log10 cfu / ml, respectively (Dey et al., 2011), while another report
from Azad Kashmir (Pakistan) revealed 4.5x10° 58.3x107 and 1.7x10° counts in household milk, milk man and
restaurant milk, respectively (Bashir et al., 2014). Similarly, investigation on microbial contamination of raw and
boiled milk sold in Kenya, revealed that all the raw milk samples contained >100000 cfu / ml of SPC while 60%
samples had >50000 cfu / ml coliform bacteria (Ogot et al., 2015). Besides this, different workers also found
presence of coliform especially E. coli in milk samples (Ekici et al., 2004; Mubarack et al., 2010; Salman and
Hamad, 2011). The presence of higher SPC and coliform is an indicator of insanitary conditions in farm environment
like unhygienic milk handling, contamination from animal bedding, feces, unhygienic water, milking machine and
equipment’s and filthy udder condition etc. Inadequate cooling of milk and udder infections or poor practices during
production, processing, distribution were also responsible (Oliver, 2005; O’Brien et al., 2008; Agarwal et al., 2012;
Minj and Behera, 2012). A study had shown that variation in counts may occur due to seasonal variations viz. higher
in summer than in winter due to higher temperature which enhances the growth of bacteria (Dahiya and Srivastava,
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2012).

Samples drawn from different milk products showed higher SPC and coliform counts than the permissible level of
FSSAI (2015), although these products were pasteurized or prepared at higher temperature. The permissible level
of SPC for pasteurized/flavored milk, ice-cream, paneer and khoa is 3x10%-5x10%, 1x10° 1.5-3.5x10° and 2.5-
7.5x10%g respectively, while for coliform count the permissible limit is absent/0.1ml, 101-102,10*-102 and 10!-10%/g
for pasteurized/flavored milk, ice-cream, paneer and khoa respectively (FSSAI, 2015). In the present study, 83.34%
and 35.66% of khoa samples had higher SPC and coliform, respectively. An observation on 50 samples of khoa in
Chambal region (Madhya Pradesh) showed the viable counts between 1.3x10* to 2.1x108cfu /g with the presence of
pathogenic organisms (Bhatnagar et al., 2007). The higher count in current study on ice-cream was supported by an
observation in Punjab, wherein samples of ice-cream showed average viable count to be 8.3 x10%fu / g. The same
study revealed higher counts in other products like rasgulla, paneer etc. (Chatli et al., 2014). Another investigation
in Bhopal (Madhya Pradesh) on Indian cheese showed higher SPC with a mean of 5.53+ 0.1510 log 10 cfu/ gm and
coliform counts with a mean of 4.51+ 0.0872 log10 cfu / g along with a wide variety of pathogens and spoilage type
bacteria in the samples of Indian cheese (Jain and Srivastava, 2012). Examination of dahi in Bangladesh showed
higher counts viz. 5.92 + 0.09 and 5.84 + 0.06 (Dey et al., 2011). The difference in counts could be ascribed to
variation in regional condition i.e., temperature, hygienic practices etc.

Table 3: Bacteriological quality of khoa

Standard plate count/gm

Number of samples

Coliform count/gm

Number of samples

< 25,000

7 (16.66%)

0-50

27 (64.34%)

>25,000

35 (83.33%)

>50

15 (35.66%)

Table 4: Bacteriological analysis of khoa from different sources (mean+SE)

Bacteriological quality MeanzS.E.

Sweet shop 4.46+0.042

SPC (log cfu/g) Khoa market 4.84+0.10°
Home 4.31+0.032

Sweet shop 1.35+0.01°

Coliform count (log cfu/g) Khoa market 1.82+0.01°¢
Home 1.15+0.022

n=14, means with different superscripts in the same row indicate significant difference (P<0.05).

Table 5: Bacteriological quality of ice-cream

Standard plate count/gm

Number of samples

Coliform count/gm

Number of samples

< 2,50,000

37 (88.0%)

0-10

25 (59.53%)

>2,50,000

5 (11.9%)

>10

17 (40.47%)

Table 6: Bacteriological analysis of ice-cream from different sources (mean=SE)

Bacteriological quality MeanS.E.
Brand | 4.46+.10°
SPC (log cfu/g) Brand Il 4.44+.102
Local 4.78+.07"
Brand | 1.67£.05
Coliform count (log cfu/g) Brand Il 1.68+.05
Local 1.81+.04

n=14, means with different superscripts in the same row indicate significant difference (P<0.05)
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Table 7: Bacteriological quality of flavored milk

Standard plate count/ml

Number of samples

Coliform count/ml

Number of samples

0- 30,000 32 (76.1%) 0- 10 33 (78.6%)
30,000- 50,000 10 (23.9%) > 10 9 (21.4%)
Table 8: Bacteriological analysis of flavored milk from different sources (meanSE)
Bacteriological quality MeanzS.E.
Brand | Absent
SPC (log cfu/g) Brand Il Absent
Local 4.58+0.03
Brand | Absent
Coliform count Brand Il Absent
Local 1.8940.04

n=14, means with different superscripts in the same row indicate significant difference (P<0.05)

Table 9: Bacteriological quality of dahi

Standard plate count/gm

Number of samples

Coliform count/gm

Number of Samples

< 30,000

24 (57.14%)

0- 10/ gm

30 (71.4%)

30,000- 50,000

18 (42.85%)

10-100/ gm

12 (28.57%)

Table 10: Bacteriological analysis of dahi from different sources (mean+SE)

Bacteriological quality MeanzS.E.

Brand | 5.44+0.032

SPC (log cfu/g) Brand Il 5.41+0.03?
Local 6.38+0.10°

Brand | 1.33+0.03?

Coliform count (log cfu/g) Brand 1l 1.39+0.03?
Local 1.66+0.04°

n=14, means with different superscripts in the same row indicate significant difference (P<0.05)

The presence of microorganisms in products like dahi, ice-cream, flavoured milk or khoa is of considerable
importance as these products are either fermented or pasteurized or sterilized, which do not support the growth of
bacteria. Therefore, the presence may be attributed to faulty process of pasteurization / sterilization of milk or due
to traditional method of preparation which made thermoduric or thermophilic organisms to escape during the process
of heat treatment. Post pasteurization processing or preparation, unhygienic handling and contaminated raw material
are also important factors for the high count and presence of coliform as these are environmental organisms (Chye
et al., 2004; Bhatnagar et. al., 2007; Ogot et al., 2015). High water activity of the various milk products (>0.95) and
higher temperature during storage increases the counts at fast pace. Presence of higher counts and coliform in milk
and its products is an indication of gross level environmental contamination that may lead to the presence of E. coli,
Enterobacter sp., Klebsiella sp. and Shigella, Salmonella, Streptococci sp., and Pseudomonas sp. These pathogens
may cause disease outbreaks ranging from diarrhea to potentially fatal infections like typhoid, hemolytic uremic
syndrome (HUS) and hemorrhagic enteritis (Agarwal et al., 2012; Aboubaker et al., 2016).

The present study reflects that to know the sanitary quality of milk and its products, both SPC and coliform study
should be included because SPC gives the total viable count and coliform reflects insanitary practices in the
environment. The results of the study showed that the milk and milk products were contaminated with microbes
which may be pathogenic and thus, constitute a serious public health hazard. Therefore, the milk and its products
should be handled during procurement, production, processing and transportation in clean and sanitary environment
viz. clean utensils, milking machine, milk parlour and apparently healthy hands. Besides, ingredients added should

198 International Journal of Livestock Research



Singh et al., 2020

be pasteurized / sterilized and there should be maintenance of cold chain. Sanitation and hygiene should be
maintained at urban farms as well as in the rural farms. Most of the milk procurement and distribution should be
brought under organized sector.

Conclusion

The milk and its products had shown the presence of high bacterial and coliform count in many samples of milk and
milk products than recommended level (FSSAI, 2015), which indicated widespread occurrence of poor hygienic
and sanitary quality during collection, processing and distribution in the food chain. This may pose high risk to the
consumer and enhances the chances of public health hazard due to consumption of products. Therefore, there is
need for implementation of hygienic / sanitary practices viz. HACCP in the environment of milk and milk products
to provide clean, wholesome milk as well as milk products to the consumers.
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