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Abstract

The study was conducted to evaluate the microbiological quality of pasteurized milk and stirred yoghurt during the
processing stages. Pasteurized milk and stirred yoghurt were manufactured in a dairy plant and subjected to
microbiological analyses, in addition to analyzing the air, personal swabs, and processing water. The results indicated
that total viable bacteria count (TVBC) was highest (logio 5.02 cfu/ml) in the raw milk and lowest (logio 1.72 cfu/ml) in
the buffer stage of processing. E. coli count was highest (logio 4.54 cfu/ml) in raw milk and lowest (logio <1 cfu/ml) in
the subsequent stages of processing. E. coli was detected in the mixing stage of yoghurt (logio 0.66 cfu/gm) and lowest
(logio <1 cfu/gm) in the subsequent stages, while yeast and mould count was logio <1 cfu/gm in all stages. TVB and
yeast and mould counts were highest (logio 1.68 cfu/m? and logio 1.02 cfu/m?, respectively) in the processing area and
lowest (logi01.42 cfu/m?2 and logio 0.68 cfu/m?, respectively) in the laboratory. TVBC was logio 0.92 cfu/m?2 and logio
0.79 cfu/m? in the swabs from operators and labours, respectively, while the count of E. coli and yeasts and moulds was
logio <1 cfu/m2. There was a significant effect of water source on the total dissolved solids, pH, total hardness, and
TVBC, while E. coli and yeast and mould counts were logio <1 cfu/ml. The study concluded that the pasteurized milk and
stirred yoghurt were microbiologically acceptable and safe for human consumption because the processing conditions
in the plant were acceptable.
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1. Introduction

Milk is synthesized in the mammary gland and is sterile when secreted into the udder alveoli [1]. Due to its high
nutritional value, neutral pH, complex biochemical composition, and high water content, milk is an excellent medium
for the growth and spread of various spoilage and pathogenic microorganisms that may cause early physicochemical
and microbial degradation [1, 2, 3]. Beyond its udder secretion, microbial contamination may occur from the inside of
the udder, from the outside of the udder, and the surface of the milk handling and storage equipment [4].

Milk is sterile when secreted in the udder, but becomes infected by bacteria before it leaves the udder. At this stage, the
bacteria are few in number and harmless, unless the cow has mastitis. Further contamination of milk by
microorganisms occurs during milking, transport, handling, and other activities [5]. Milk is safe for consumption after
pasteurization but still prone to spoilage by microorganisms and quality defects [6].

Pasteurization is a method of heating milk for a predetermined period at a predetermined temperature to kill or
eliminate microorganisms and to inactivate undesirable enzymes [7]. The recommendations for temperature and time
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combination for pasteurization are based on the capacity of the method to degrade Coxiella burnetii [8]. Consumption
of insufficiently pasteurized milk products leads to serious infections that are difficult to treat with antibiotics, and this
becomes clinically significant if species isolated from the examined sample are immune to traditional antibiotics, which
can, therefore, impart antibiotic resistance to the infected host without providing an alternative drug [9, 10].
Microbiological quality of pasteurized milk is the consequence of numerous factors, including raw milk quality, heat
treatment employed, storage conditions, and the level of post-pasteurization contamination [3].

Yoghurt is one of the most common fermented dairy products widely consumed in the world, produced by lactic acid
fermentation of milk via starter culture containing Streptococcus thermophilus and Lactobacillus bullgaricus [11, 12].
The quality of yoghurt depends on the quality of raw material and efficient control of processing stages, and the chemical
and microbiological parameters determine the quality and safety of yoghurt [13]. Exposure of yogurt to microbial
contamination during processing, storage, and transport without basic sanitary practices and temperature control can
quickly lead to spoilage of the product, making it unacceptable for human consumption [14].

The technology of the processing dairy products in plants contributes to contamination of the air with phages, bacteria,
yeasts, and moulds, and the movement of air currents from ventilation systems will contribute to the spread of microbial
aerosols in food plants; thus, attention should be paid to air filtration in the plant [15, 16]. Air quality is often a
disregarded factor in milk processing plants that contribute to the quality of the final product. Microbial indoor air
quality depends on a variety of factors, such as ambient air, soil, human behavior, microclimatic factors, geographic
location, hygienic practices, and method of ventilation [17]. This study was conducted to assess the microbial quality
of pasteurized milk and stirred yoghurt during the processing stages, in addition to assessing the processing
environment.

2. Material and methods

2.1. Materials

Fresh cow milk was obtained from a dairy farm in Khartoum State, milk powder, plastic cups, and cans were obtained
from the local market. The starter culture (a combination of Streptococcus thermophilus and Lactobacillus bulgaricus)
was obtained from YO-MIX PRIME®, DuPont, Denmark.

2.2. Preparation of pasteurized milk

The milk was pre-heated at 62 °C, followed by the standardization of fat and homogenization. The milk was then
pasteurized at 90 °C for 15 seconds, packaged in sterile cans, and stored at 4-10 °C till analysis.

2.3. Preparation of stirred yoghurt

Raw milk, skim milk powder, and stabilizer were mixed with water, accompanied by pasteurization at 95+1 °C for 4
min. The mixture was inoculated with the starter culture and incubated at 43+2 °C for 4 hr. When the pH reached 4.65-
4.70, the curd was broken and poured into sterile cups, sealed with a sterile aluminum foil, and stored at 4-10 °C till
analyses.

2.4. Sampling of air, water, and personal swabs

The air samples were taken from three points in the plant (processing area, fresh products area, and laboratory) by
placing open Petri dishes containing plate count agar and violet red bile agar media for 15 min. The water samples were
obtained from freshwater, water treated with ultraviolet, and processing water. The swabs were taken from personnel
(operators and labours) as personal swabs from their hands and the swabs were mixed with a 9 ml sterile ringer
solution. The samples of air, water, and personnel swabs were incubated at 32+1 °C for 48+2 hr for total viable bacteria
count and E. coli count and 25%1 °C for 72 hr for yeast and mould count.

2.5. Sampling of milk and yoghurt

Microbiological and physicochemical analyses were performed on a total of 937 samples (100 samples of raw milk, 100
samples of pasteurized milk, 703 samples of stirred yoghurt, 12 samples of air, 10 samples of personal swabs and 12
samples of water).

121



Elsiddeg et al. / World Journal of Advanced Research and Reviews, 2020, 06(02), 120-128

2.6. Microbiological examination

2.6.1. Preparation of the dilutions of raw and pasteurized milks

Raw and pasteurized milk samples (1 ml each) were transferred to 9 ml sterile ringer solution in a clean sterile test
tube, then shaken to make 10! dilution. One milliliter from the previous dilution (10-1) was added aseptically to a
solution of 9 ml sterile ringer solution. This process was repeated to make serial dilutions of 10-1-10-1.,

2.6.2. Preparation of the dilutions of stirred yoghurt

A homogeneous yoghurt sample (1 gm) was transferred to a 9 ml sterile ringer solution in a clean sterile test tube, then
shaken to make 10-1 dilution. One ml from the dilution (10-1) was aseptically transferred to a 9 ml sterile ringer solution.
This process was repeated to make serial dilutions of 10-1 - 10-10.

2.6.3. Total viable bacteria count

The plate count agar medium was used to determine the total viable bacteria count. One milliliter of each dilution was
transferred to sterile Petri dishes followed by the addition of the medium, thoroughly mixed, and incubated in an
inverted position at 32 °C for 48 hr [18].

2.6.4. Escherichia coli count

The count was performed using a violet red bile agar medium, and the plates were incubated in an inverted position at
32°Cfor 48 hr [19].

2.6.5. Yeasts and moulds count

Yeast and mould agar medium was used for the enumeration of yeasts and moulds, and the plates were incubated in an
inverted position at 25 °C for 5 days [20].

2.7. Chemical analysis of water

The pH was determined by pH meter (3510-Jenway), while total dissolved solids were determined by a conductivity
meter (4510-Jenway).

2.8. Hardness

Total hardness was determined as follows: water samples (20 ml) were measured into a volumetric flask followed by
the addition of 2 ml ammonia buffer to bring the pH to 10.1. Two drops of eriochrome black T indicator were added.
The mixture was titrated against 0.01 M EDTA solution to the endpoint (blue colour). The total harness was calculated
as follows [21]:

Total hardness (mg/L) = Volume of EDTA x N x50 x 1000
The volume of the sample taken

2.9. Statistical analysis

Data were analyzed using Statistical Analysis Systems (SAS, ver.9) procedure to determine the effect of the processing
stage on the microbiological quality of pasteurized milk and stirred yoghurt, in addition to the quality of air in the plant,
personal swabs, and processing water. Mean separation was carried out using Duncan multiple range tests (p<0.05).

3. Results and discussion

Table 1 presents the microbiological quality of pasteurized milk during the stages of processing. TVBC of raw milk was
log10 5.02 cfu/ml, reduced to logio 1.72 cfu/ml during buffer stage, followed by a gradual increase during the latest
stages (logio0 1.74 cfu/ml, logio 1.75 cfu/ml and logio 1.78 cfu/ml at the start of filling, middle of filling and end of filling,
respectively). E. coli count was logio 4.54 cfu/ml in the raw milk reduced to logio <1 cfu/ml during the subsequent
stages of processing pasteurized milk due to the destruction of coliform bacteria by pasteurization temperature since
coliform bacteria cannot survive at a temperature above 60 °C.
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Table 1 Microbiological quality (cfu/ml) of pasteurized milk during the stages of processing

Parameter TVB E. coli
Raw Milk - 5.022 4.54
Stages of Buffer stage 1.72¢ <1
Pasteurized milk Start of filling 1.74bc <1
Middle of filling 1.75b <1
End of filling 1.78b <1
SE - 0.011 -
SL _ *okok _
Means in each column bearing similar superscripts are not significantly different (P>0.05)
*¥** =P <0.001

SE = Standard error of means
SL = Significance level

Raw milk used for the manufacture of pasteurized milk and stirred yoghurt was collected from farms applying good
agricultural practice (GAP), with TVB and E. coli counts being within the permissible range leading to the production of
safe products [22, 23]. Physical hazards (dust and straw) did not occur in this stage because the raw milk was loaded
in the tanker in a clean and sanitized condition. The temperature was stable due to the short time between milk
transportation from the farm to the plant, leading to a reduction in bacteria count. Kassem et al. [24] reported that
unclean and unsafe utensils in addition to a long time (1 - 2 hr) for the transportation of milk from farm to plant resulted
in high bacteria count.

No chemical hazards were detected in the raw milk due to cleaning and sanitizing procedure applied in the raw milk
reception unit of the plant. TVBC reported in this study was lower than the reports of Kassem et al. [24], Banik et al.
[25] and Tamirat [26], while E. coli count was lower than that reported by Kassem et al. [24] and higher than that
reported by Hakem et al. [27]. The lower bacterial count may be attributed to good agricultural practice (GAP) of
milking and sanitization of utensils. The results of TVBC of pasteurized milk in this study are lower than those reported
by Azizkhani and Tooryan [7], Banik et al. [25] and Tamirat [26] who reported values of log104.11 cfu/ml, 1.1x102 -
1.8x103 cfu/ml and 4.4x10? - 4.43x105> cfu/ml, respectively, while E. coli count is lower than Azizkhani and Tooryan [7]
who reported a value of log10 0.01 cfu/ml. The higher microbial load of raw milk resulted in higher TVBC of pasteurized
milk [24, 28].

During the stages of processing stirred yoghurt, E. coli count was logio 0.66 cfu/gm during mixing and logio <1 cfu/gm
during the subsequent stages of processing, while yeasts and moulds were logio <1 cfu/gm throughout the processing
stages (Table 2). During the stages of preparation of stirred yoghurt from the receipt of raw milk to the end of filling
and storage, all hazards have been checked [29], therefore, chemical and physical hazards were not detected. Microbial
count (yeast and mould and E. coli) reported in this study are lower than those reported by Mukisa and Kyoshabire [30]
due to the application of good manufacturing practices procedure during the stages of yoghurt manufacture. The results
of the analyses of yoghurt samples revealed that yeast and mould, total coliform, and fecal coliform counts were
0.77x102 cfu/gm, 28 NMP/gm and 4 NMP/gm, respectively [13]. The total coliform count of authorized yogurt products
purchased within Ota metropolis, Ogun State of Nigeria was and 1.0x103 - 5.0x10° cfu/ml [31].
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Table 2 Microbiological quality (cfu/gm) of stirred yoghurt during the stages of processing

Parameter E. coli Yeasts and moulds
Mixing stage 0.66 <1
After pasteurization <1 <1
During fermentation <1 <1
Stages of yoghurt .
After cooling <1 <1
manufacture
Start of filling <1 <1
Middle of filling <1 <1
End of filling <1 <1

Table 3 presents the microbiological quality of air in different areas of the plant (processing, fresh products, and the
laboratory). TVBC was not significantly affected (P>0.05) by the area from which air was sampled, although the highest
count (logio 1.68 cfu/m?) was in the processing area and the lower count was in the laboratory (log101.42 cfu/m?2). Yeast
and mould count was significantly (P<0.001) higher in the processing area (logio 1.02 cfu/m?) and lower in the
laboratory (logio 0.68 cfu/m?).

Table 3 Microbiological quality (cfu/m?2) of the air in the plant

Parameter TVB Yeasts and moulds
Processing area 1.682 1.02a

Area Fresh products area 1.672 0.932b
Laboratory 1.42a 0.68b

SE - 0.035 0.078

SL - NS ok

Means in each column bearing similar superscripts are not significantly different (P>0.05)
*#* =P <0.001; NS = Not significant; SE = Standard error of means; SL = Significance level

The microbial (TVB and yeast and mould) count in the processing area, the fresh products area, and in the laboratory
was within the permissible limit according to the parameters of the plant by using air purifiers in the processing area
to produce a safe product. The mean TVB and yeast and mould counts are lower than those reported by Salustiano et al.
[15]. TVBC ranged from 6-20 colonies (production hall) to 12-36 colonies (packaging hall), suggesting the poorer
microbiological quality of air in the packaging hall. A similar trend was evident in the total number of airborne moulds
(3-9 colonies in the production hall, and 7-15 colonies in the packaging hall) since the air in the packaging hall contained
more moulds than air in the production hall [16].

The reception area in the dairy plant had a significantly higher aerobic count, with no significant difference in the
pasteurization and packaging areas, and the yeast and mould count was significantly lower in the pasteurization area
compared to reception and packaging areas [17]. The analysis of the surfaces and air of butter, whey, powders, and
dispatch departments showed a good hygiene quality concerning total viable and yeast and mould counts [32].

The microbial quality of personal swabs of the personnel in the plant indicated that TVBC was higher in samples from
operators (logio 0.92 cfu/m?) compared to labours (logio 0.79 cfu/m?), although the difference was not significant. E.
coli and yeast and mould counts were logio <1 cfu/m? in samples from both operators and labours (Table 4). The results
of the microbiological count of the personnel (TVB, E. coli, and yeasts and moulds) are lower than those reported by
Aarnisalo et al. [33]. The microbiological counts are within the limits due to the application of good manufacturing
practices such as hygiene station, liquid soap application, alcohol, chlorine, safety shoes, hair net, and gloves.
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Table 4 Microbiological quality (logio cfu/m?) of personal swabs

Parameter TVB E. coli Yeasts and moulds
Operators 0.92a <1 <1

Employees
Labours 0.792 <1 <1

SE - 1.20 - -

SL - NS - -

Means in each column bearing similar superscripts are not significantly different (P>0.05)
NS = Not significant; SE = Standard error of means; SL = Significance level

TVBC of the processing water showed no significant variation in the count between raw water, water after UV treatment,
and processing water (logio 0.52 cfu/ml, logio 0.64 cfu/ml, and logio 0.52 cfu/ml, respectively). E. coli and yeast and
mould counts were logio <1 cfu/ml (Table 5). Total dissolved solids, pH and total hardness were not significantly
affected (P>0.05) by the source of water, although slightly higher total dissolved solids content was reported in the
water after UV treatment (2.36 ppm), while the pH was slightly higher (7.81) in the raw water and the total hardness
was higher (1.51 mg/L) in the raw water and water after UV treatment (Table 5).

Table 5 Microbiological (logio cfu/ml) and chemical quality of processing water

Source of water

Parameters After UV Processing SE SL
Raw water treatment water
Total dissolved solids (ppm) 2.352 2.362 2.34a 0.036 NS
pH 7.812 7.702 7.682 0.040 NS
Total hardness (mg/L) 1.51a 1.51a 1.482 0.081 NS
TVB 0.522 0.642 0.522 0.011 NS
E. coli <1 <1 <1 - -
Yeasts and moulds <1 <1 <1 - -

Means in each row bearing similar superscripts are not significantly different (P>0.05)
NS = Not significant; SE = Standard error of means; SL = Significance level

The quality of water (from raw to processing) was checked to assure the safety of the final product. The pH and total
hardness are lower than those reported by Simpi et al. [34], while total dissolved solids are higher. TVB, E. coli, and
yeast and mould counts of processing water in this study are lower than those reported by Rompre et al. [35]. No
physical hazards were detected in the manufacturing water due to the use of membrane filters in the processing units
which separated the foreign materials. The results of the analysis of raw materials, production water, equipment
washing water, and rinsing water in 30 units of artisanal and semi-industrial dairies in Ouagadougou showed a non-
compliance in 70 % of dairies, and 83.3 % of the raw materials were of unsatisfying quality. The rinsing waters of the
equipment were nonconforming in 76.7 % of the dairies [36].

4. Conclusion

The raw milk used for the manufacture of pasteurized milk and stirred yoghurt was collected from farms applying good
agricultural practice (GAP), with TVB and E. coli counts being within permissible range leading to the production of safe
products. The microbial (TVB and yeast and mould) count in the processing area, the fresh products area and in the
laboratory was within the permissible limit. The quality of water (from raw to processing) was within the permissible
limit so that the final products are safe.
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