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Abstract
Milk is an important part of human nutrition, especially for children, and is rich in proteins, essential 
fatty acids, vitamins, minerals, and biofunctional elements. Despite its benefits, milk is prone to 
microbial contamination due to its composition and handling. Therefore, this study focused on assessing 
the microbial levels and the frequency of water adulteration in pasteurized milk samples from Addis 
Ababa, Ethiopia, which represents a critical market for dairy products. A total of 66 pasteurized milk 
samples from various brands across all sub-cities of Addis Ababa were analyzed. Microbial quality was 
evaluated using Total Bacterial Count (TBC), Total Coliform Count (TCC), Escherichia coli, and Salmonella 
detection. Density analysis was conducted to detect water adulteration. Additionally, handling practices 
at retail were assessed through a questionnaire survey. A considerable portion of pasteurized milk 
samples exhibited deviations in density from Ethiopian (31.6%) and East African standards (18.3%), 
suggesting potential water adulteration. Microbial analysis revealed that while all samples met TBC 
(100%) and E. coli (100%) standards, a notable proportion exceeded the TCC (88%) limit, thereby 
indicating inadequate processing or post-pasteurization contamination. Salmonella (98%) was absent 
in most samples tested. Overall, this study underscores critical issues with pasteurized milk quality 
in Addis Ababa, including frequent water adulteration and elevated microbial contamination, which 
pose risks to both nutritional value and consumer health. Therefore, strengthening quality control 
measures and enhancing hygiene practices throughout the dairy distribution chain are imperative to 
guarantee milk safety and compliance with international standards.
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INTRODUCTION

 Milk is an important component of the 
human diet for all age groups, particularly children. 
Milk provides high-quality proteins with essential 
amino acids, fatty acids, vitamins, minerals, and 
energy.1,2 Moreover, milk contains peptides, 
nucleotides, oligosaccharides, immunoglobulins, 
and other biofunctional elements that add to 
its nutritional value.3 As health concerns have 
increased, milk quality has become a major focus.
 Food adulteration is a global problem, 
especially in underdeveloped countries, where 
policies and monitoring are weak.4 Milk is often 
adulterated, either intentionally or accidentally, 
which lowers its quality and harms public 
health.5 Water, which may contain bacteria, toxic 
substances, or even feces,6 is often added to 
milk to meet demand, compete in the market, or 
increase profit.7,8 Moreover, water addition, cream 
removal, and high temperatures reduce milk 
density.9 Adulteration of milk is a serious health 
concern in Ethiopia as it lowers the nutritional 
value of milk, introduces harmful bacteria, poses 
health risks, and causes economic losses to 
consumers.4,10,11 Water adulteration is widespread, 
reduces product quality, and damages consumer 
trust.12

 Mi lk  is  susceptible to microbial 
contamination because its high moisture content, 
neutral pH, and rich nutrients are ideal for microbial 
growth, leading to rapid spoilage.13,14 Microbial 
contamination not only reduces the nutritional 
value of milk but also poses a risk to consumer 
health. Furthermore, microbial contamination 
can occur at any stage of production, processing, 
or delivery.15,16 Although raw milk is nutritious, it 
can cause illnesses that have been linked to disease 
outbreaks and deaths.17 Pasteurization is the most 
common method used to ensure milk safety.18 
However, the safety of pasteurized milk depends 
on the quality of raw milk, heat treatment, storage, 
and contamination risk after processing.19 Disease 
outbreaks linked to pasteurized milk indicate the 
need for strict safety measures.20-23

 In Ethiopia, milk production and sale 
often lack proper quality control.24 Most milk 
(approximately 95%) is sold through informal 
systems, rendering quality checks difficult.15 
Understanding the microbial and chemical 

composition of milk from smallholder producers 
is important to improve milk quality. Therefore, 
this study aimed to investigate water adulteration, 
assess microbial quality, and evaluate milk 
handling practices at the retail level. These results 
provide insights into the safety and quality of milk 
produced in this region.

MATERIALS AND METHODS

Study area
 The study was conducted in Addis Ababa, 
the capital of Ethiopia, where pasteurized milk is 
highly consumed, second to butter made from 
yogurt.13 Ethiopia has 32 milk processing facilities 
distributed across various regions, with Addis 
Ababa and nearby areas serving as key markets 
for dairy products. The main products of these 
processing plants are pasteurized milk, yogurt, 
and various types of cheese, and pasteurized milk 
accounts for approximately 83.4% of total dairy 
production in the country.25

Sample size and sampling
 A cross-sectional study was conducted 
in all 11 sub-cities of Addis Ababa to ensure city-
wide representation. A total of 66 pasteurized milk 
samples consisting of six samples from each sub-
city were collected. The sample size was chosen 
to represent a diverse range of milk products. 
The samples were randomly selected from retail 
outlets with a sampling frame of industrially 
processed and packaged pasteurized milk, based 
on the availability of different brands in the market 
(Table 1).
 The samples were collected between 
March and May 2023. Milk was collected in 
its original packaging and stored under cold 
conditions during transport to maintain its quality. 
The samples were taken to the Ethiopian Food 
and Drug Authority laboratory for testing. In 
addition to sample collection, a questionnaire was 
used to record retailers’ milk handling practices, 
such as storage conditions, worker hygiene, and 
refrigerator cleanliness.
 To ensure freshness, milk was collected 
from the retail chains early in the morning. Each 
sample was transported in a cool box and later 
stored at 4 °C in the laboratory until analysis. All 
procedures followed established protocols.26
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Handling practices of pasteurized milk
 A semi-structured questionnaire and 
direct observations were used to assess milk-
handling practices among retailers from March to 
May 2023. The information collected included how 
milk was transported and stored, as well as hygiene 
conditions. Observations were rated on a 10-point 
scale, with 10 indicating excellent practices, such 
as proper cold storage (0-4 °C) and clean facilities, 
and lower scores reflecting inadequate handling. 
Milk samples were collected after laboratory 
testing.

Density Assessment 
 The density of the pasteurized milk was 
measured using a lactometer to check for water 
adulteration. Milk was poured into a measuring 
cylinder, and a lactometer reading was taken. 
Temperature corrections were applied by adding 
or subtracting 0.2 g/mL milk for each degree above 
or below the calibration temperature, respectively. 
This ensured accurate density measurements.27

Sample preparation
 Milk samples were thoroughly mixed by 
gently inverting the package 25 times to evenly 
distribute the microorganisms. The mixture was 
allowed to settle to prevent foaming, and a sterile 
pipette was used to extract 1 mL of milk. The 
sample was mixed with 9 mL of buffered peptone 
water to obtain a 1:10 dilution. The mixtures 
were blended for 10 s using a vortex mixer before 
further testing.28

Microbial quality analysis of pasteurized milk
Media preparation
 Media were prepared according to the 
manufacturer’s guidelines. Buffered peptone 
water was sterilized at 121 °C for 15-20 min and 
cooled to 30 °C before use. This ensured reliable 
conditions for microbial testing.29

Total Bacteria Count (TBC)
 TBCs were determined using a standard 
plate count agar (SPCA). Milk samples were diluted 
up to 1:107, and 0.1 mL of the diluted sample was 
spread on plates containing SPCA. Plates were 
incubated at 32 °C for 48 h, and colony counts 
between 30 and 300 colony forming units (CFU)/
mL were used for analysis.30,31

Total Coliform Count (TCC)
 Coliform bacteria were assessed using 
violet red bile agar (VRBA). Milk samples were 
diluted up to 1:105, and 0.1 mL of milk was plated 
on VRBA plates. Plates were incubated at 32 °C 
for 24 h, and dark-red colonies were counted. Gas 
production in the subsequent tests confirmed the 
presence of coliforms.29,31

Escherichia coli 
 Escherichia coli presence was tested 
by subculturing positive coliform samples in E. 
coli broth and incubating at 44.5 °C for 24 h. Gas 
production indicated the presence of E. coli and 
was further confirmed using eosin methylene blue 
agar and biochemical tests such as indole and 
methyl red assays.32

Salmonella
 Salmonella testing followed the ISO 
guidelines. The samples were enriched in peptone 
water and Rappaport-Vassiliadis broth before 
being cultured in xylose lysine deoxycholate, 
Bismuth sulfite agar, and Hektoen enteric agar 

Table 1. Pasteurized milk samples collected from sub-
cities and their corresponding brands

No. Sub-cities Number of Brands
  samples

1 Arada 6 A, C, G, G, I, E
2 Kolfe Keranio 6 A, F, I, G, I, L
3 Addis Ketema 6 G, F, H, C, D, A
4 Akaki Kality 6 C, F, I, L, G, I
5 Gulele 6 G, G, D, D, F, D
6 Kirkos 6 D, C, C, G, A, K
7 Bole 6 E, G, J, B, I, L
8 Lemikura 6 H, B, C, C, J, I
9 Yeka 6 C, K, E, G, J, E
10 Lideta 6 A, G, I, K, L, B
11 Nifas Silk Lafto 6 E, K, I, D, A, D

Table 2. Assessment results of pasteurized milk-
handling practices 

Handling Practices Poor and Good Storage 
 Conditions n (%)

Poor Handling Practices  14 (18.2%)
Good Handling Practices 52 (10.2%)
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media. Colony confirmation was performed using 
the triple sugar iron test and Salmonella-specific 
antisera.33

Statistical analysis
 Statistical analyses were performed 
using SPSS version 20. The data were analyzed 
in triplicate, and the averages and standard 
deviations were calculated. The results were 
compared to Ethiopian standards for pasteurized 
milk.34 Handling practices were analyzed as 
percentages using Excel.

RESULTS

Effects of handling at retail on microbial safety
 Among the milk samples, 14 revealed 
signs of inadequate handling practices, whereas 52 
demonstrated proper storage practices. A notable 
concern was the lack of cold storage facilities, 
which contributed to the compromised storage 
quality. The microbial prevalence in samples 
associated with poor handling (18.2%) was higher 
than that in samples stored appropriately (10.2%) 
(Table 2).

Density
 The average density of the 66 pasteurized 
milk samples was 1.022 ± 0.0046 g/mL. The sample 

density ranged between 1.013-1.031 g/mL, which 
deviated from the Ethiopian pasteurized liquid milk 
standard34 of 1.026-1.032 g/L, at 20 °C. Moreover, 
a substantial proportion (68.4%) of the pasteurized 
milk samples had densities lower than the 
minimum permissible limit, and only 31.6% of the 
samples met the acceptable criteria, representing 
less than one-third of the total samples (Table 3).
 Approximately 81.7% of the study samples 
failed to meet the East African Standard (EAS) 
for pasteurized milk, leaving only 18.3% within 
the defined limits. These findings underscore 
the deviations in milk density from established 
standards, revealing a noteworthy disparity that 
warrants further investigation.

Microbial quality
 A range of l-0.51 × 104 CFU/mL was 
detected across all samples, and all samples 
adhered to CES 279:2021 for pasteurized milk. 
Further analysis of the microbial assessment (Table 
3), revealed that total coliforms in the samples was 
within the range of 0.30-110 CFU/mL (Table 4).
 Salmonella contamination was suspected 
in the samples; however, subsequent analysis 
confirmed its absence in all samples. Interestingly, 
none of the samples contained E. coli, indicating 
satisfactory adherence to Ethiopian standards.34 
This observation signified that the overall microbial 

Figure. Percentage of samples complying with microbial standards
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load across all samples remained below the 
stipulated threshold, thereby reinforcing the 
robust compliance of the samples with established 
quality standards. 
 A detailed microbial assessment revealed 
that 88.33% of the samples complied with the 
Ethiopian standard for TCC,34 whereas 11.67% 
exceeded the specified limit (Figure). Salmonella 
was initially suspected in 1.6% of the samples; 
however, confirmatory tests showed its absence 
in all cases. Additionally, all samples (100%) were 
free of E. coli and adhered to the acceptable limits 
for total bacterial counts (Figure).

DISCUSSION

 Milk density is a crucial parameter in the 
dairy industry because it reflects the concentration 
of milk mass per unit volume. A higher density 
indicates more concentrated milk, whereas a 
lower density suggests dilution. This parameter is 
essential for quality control and the detection of 
adulteration, which can affect both the nutritional 
value and shelf life of milk.35,36 Considering that 
the addition of water or other substances alters 
milk density, the reduced density found in the 
pasteurized milk samples in this study supports 
the possibility of water adulteration.

 National, regional, and international 
standards define the acceptable density ranges 
for pasteurized milk. In this study, 68.4% and 
81.7% of the samples did not meet Ethiopian 
and East African standards, respectively. This 
noncompliance indicates potential issues with 
nutritional quality and raises concerns about 
possible microbial contamination.37 The average 
density measured was 1.022 g/mL, which aligns 
with similar studies conducted in Gondar, Ethiopia, 
which reported an average density of 1.021 g/
mL.38 Water adulteration is notably prevalent in 
milk processing facilities because of the residual 
water in handling and storage containers resulting 
from inadequate cleaning and drying practices.37

 Older factory systems may introduce 
water through technical faults that are often driven 
by economic factors.39 Approximately 61.2% of 
samples from Addis Ababa had lower density, with 
higher chances of added water, a finding consistent 
with this study.40 In South Africa,39 a higher 
prevalence of water adulteration in pasteurized 
milk than in raw bulk milk was reported, with an 
average of 21 ± 14.6%.
 The presence of adulterants in more than 
half of the pasteurized milk samples underscores 
notable water adulteration. Therefore, careful 
packaging is critical for preventing inadvertent 

Table 3. Density of pasteurized milk samples sourced from Addis Ababa and compliance with Ethiopian and East 
African Standards

Samples  Density, g/mL Samples complying  Samples complying 
  with CES 279:2021 limit with EAS 69:2006 limit  
  (1.026-1.032 g/mL), % (1.028-1.036 g/mL), %

Pasteurized milk, n (66) 1.022 ± 0.0046 31.6 18.3

Density values are provided as the mean ± standard deviation. CES, Ethiopian standard; EAS, East African standard

Table 4. Ethiopian Standard Compliance and microbiological quality of pasteurized milk samples taken from Addis 
Ababa (n = 66)

Microorganisms  Range (CFU/mL) Maximum limit 
  (CFU/mL) as per (35)

Total bacterial count  1-0.51 × 104 CFU/mL <10,000
Total coliform count 0.30 - 110 CFU/mL 10
Salmonella spp. Suspected in one sample Nil
Escherichia coli Nil Nil 
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water inclusion.41 In China, water adulteration 
is largely driven by high demand and limited 
supply.42 In Kolkata, India,43 64.52% of milk 
samples were adulterated with water, whereas44 
no significant water addition was reported in 
Sudan; however, over 95% adulteration was 
found in some regions.4 In Turkey,45 poor hygiene 
in milk handling was found, with 30% of samples 
adulterated with contaminated water, which 
is a lower prevalence than that in this study. In 
Northern and Southern Omdurman,46 vendors 
found high levels of water adulteration, and milk 
samples from dairy shops and street vendors in 
Egypt exhibited wide-ranging adulteration rates 
of 4.2-47.9%.47 In Faisalabad, Pakistan,48 97% of 
milk samples from school cafeterias and 93% 
from communal areas contained added water, 
whereas49 a 73% adulteration rate was observed in 
Pakistan. Moreover, El-Zubeir et al.39 found higher 
adulteration levels in industrial settings, indicating 
that water adulteration may be accompanied by 
the addition of other substances to maintain milk 
density and color, thereby emphasizing the need 
for strict quality control procedures throughout 
the dairy value chain.
 The high prevalence of water adulteration 
in the samples used in this study raises public 
health concerns. Watered milk is nutritionally 
inadequate and may contribute to malnutrition, 
particularly in children and other vulnerable 
populations. Given that diluted milk may also have 
reduced antimicrobial properties, it increases the 
risk of microbial contamination, thereby affecting 
overall food safety.50

 The microbiological conditions of 
pasteurized milk are also of concern. In this 
study, 30% of the samples contained coliforms 
that exceeded the Ethiopian standard limit, 
indicating potential issues with processing or 
post-pasteurization contamination. Considering 
that pasteurization should eliminate coliforms, 
their presence in these samples suggests 
recontamination after pasteurization.5,51,52 
Furthermore, high coliform counts suggest 
inadequate production procedures.53 and 
unsanitary processing practices.54

 The TCC was in this study was higher than 
that reported by Faraz et al.48 in Sudan and Iran, 
but lower than that reported by Korma et al.55 in 
Ethiopia. Mikru et al.56 found a mean TCC of 3.22 

log10 CFU/mL at the factory level that increased to 
3.48 log10 CFU/mL at the market, which exceeded 
both Ethiopian and East African standards. This 
suggests post-pasteurization contamination and 
potential temperature abuse during transportation 
and storage.
 Unlike this study, which found no E. coli in 
pasteurized milk, Alemu et al.36 reported higher E. 
coli levels than that reported by Faraz et al.48 Fecal 
contamination during milking is a major cause of 
E. coli infection.
 The presence of coliforms, particularly 
E. coli, in pasteurized milk is a major public 
health concern. Coliforms are indicators of fecal 
contamination and poor hygiene practices, 
which result in waterborne and foodborne 
illnesses, such as gastroenteritis, particularly in 
immunocompromised individuals.57 This highlights 
the critical need for strict hygiene practices and 
temperature control in the milk supply chain to 
prevent post-pasteurization contamination and 
safeguard consumer health.
 Salmonella prevalence in this study was 
1.6%, which is higher than that found by Alemu 
et al.36 but lower than found by Welearegay et 
al.,58 who found no Salmonella in pasteurized 
milk from retail markets in Hawassa, Ethiopia. 
Similar findings were reported in Trinidad.59 The 
substandard microbial conditions of milk in this 
study were most likely a result of poor hygiene 
practices and inadequate cooling systems along 
the milk supply chain.60 Salmonella is a common 
cause of foodborne illnesses, which manifest as 
fever, diarrhea, and abdominal cramps. This poses 
a considerable health risk, particularly for children 
and vulnerable groups who may have heightened 
sensitivity to foodborne pathogens.61

CONCLUSION

 In conclusion, this study revealed notable 
issues with the quality of pasteurized milk, 
including frequent water adulteration and elevated 
coliform counts, which compromise nutritional 
value and safety. A substantial proportion of 
the samples failed to meet the established 
density standards, indicating potential economic 
adulteration. Additionally, poor hygiene and 
inadequate cooling during processing and 
storage contributed to microbial contamination. 
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Therefore, strengthening quality control measures, 
improving hygiene practices, and ensuring proper 
temperature control are essential for milk safety 
and compliance with standards. This will protect 
public health and ensure that milk remains a safe 
and nutritious food source for the population.

Study Limitations
 This study is limited by its one-time 
sampling approach, which may not have captured 
variations over time. In addition, the relatively 
small sample size limits the generalizability of the 
findings. Larger and more diverse samples would 
provide more comprehensive insights.
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