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Abstract: This study explores the factors contributing to milk contamination, a continuing public health issue in
developing countries. The research aimed to assess the prevalence of microbial contamination, hygienic and handling
practices, milk quality testing methods, dairy feed management, and the knowledge, attitudes, and practices (KAP)
of farmers regarding milk safety. A mixed-methods, cross-sectional design was used, involving 217 dairy farmers
supplying milk in Bugesera District. Data were collected using surveys, interviews, and focus group discussions.
Quantitative data were analyzed using descriptive statistics, Fisher’s exact test, and odds ratios (OR) at a 95%
confidence interval, while qualitative data were examined through content analysis. Ethical approval was obtained
from Mount Kenya University and Bugesera District authorities. Findings revealed a 24% prevalence of milk
contamination (n=52), significantly associated with poor hygiene practices (p=0.034). While 77.9% of farmers
reported washing their hands and 71.9% cleaned udders before milking, the OR (3.7; 95% CI; p=0.0345) indicated
these practices had a protective effect against contamination. Concerning feed hygiene, 52% stored feed properly,
and 53% inspected it regularly, yet 68% were unaware of mycotoxin risks from fungal contamination. In milk quality
testing, 33.6% relied on simple organoleptic assessments, whereas advanced tests like the California Mastitis Test
(CMT) were conducted only at milk collection centers, with notable gaps in antibiotic residue and aflatoxin testing—
posing significant health risks. The study also found that proper milk storage in aluminum containers reduced
contamination (RR = 3.0-3.88; p=0.043), while plastic containers increased risk (OR = 4.1) due to poor sterilization
and micro-cracks. Overall, the findings demonstrate that microbial contamination in milk is driven by inadequate
hygiene practices, poor feed management, limited farmer knowledge, and insufficient milk testing procedures. The
study recommends targeted farmer training to improve milk hygiene, feed safety, and diagnostic testing at both farm
and milk collection center levels to ensure safe milk production and protect public health.
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I. INTRODUCTION

Milk from dairy cows is a vital source of essential nutrients, including proteins, energy, minerals, and vitamins, which are
crucial for growth, development, and tissue maintenance (Aliyo & Teklemariam, 2022). However, milk safety and quality
can be significantly compromised by various biological and chemical contaminants arising from the complex interactions
between animals, humans, and the environment, a concept addressed within the One Health framework. Contaminants found
in dairy products, such as milk, can lead to various health issues in humans, including allergic reactions, weakened immune
function, cancer, birth defects, genetic mutations, damage to genetic material and human antimicrobial resistance (Baydan
et al., 2017) .The risk of contamination mainly arises from the milking process, because the udders are exposed to external
environmental conditions, along with poor sanitation of equipment, improper storage, unclean pipes, improper handling and
preservation of animal feed, non-compliance with drug withdrawal periods, and other factors (Nyokabi et al., 2021). The
research conducted in Tanzania regarding microbial quality of cow’s milk and antimicrobial susceptibility indicated that
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33.9% of respondents consume milk from animals that are under medication, 94.6% of them did not adhere to withdrawal
periods raising significant public health concerns which is antimicrobial resistance.(Kanyeka.,2014)

Veterinary antibiotics, hormone treatments, agricultural pesticides, additives, heavy metals from processing and packaging,
mycotoxins, and environmental pollutants poses significant risks to human health, potentially affecting both well-being and
nutritional status (Claeys et al., 2014).According to WHO, 57500 illnesses occurred due to consumption of raw milk,
55deaths, and 3870 disability adjusted life year (Sapp et al., 2023).The reported proportion of contaminants were 22% of
Chemical contaminants, 22.05 % of heavy metal, 22.05 of pesticides, 22.18% antibiotics and mycotoxin report in milk were
9.97% due to bad agriculture practices and livestock farm management. Mycotoxins are of greater importance as they are a
source of carcinogenic substances (Calahorrano-Moreno et al., 2022).

Milk contaminated with aflatoxin poses severe health risks, including liver cancer, growth retardation in children, and
immune suppression. Acute symptoms can involve nausea, vomiting, and liver injury, while long-term exposure is linked
to hepatocellular carcinoma (a type of liver cancer) and other chronic complications. Children are especially vulnerable,
with high exposure potentially leading to stunting and other developmental issues (Massahi et al., 2024). In Turkey, a study
on antibiotic residues in milk, specifically tetracycline and streptomycin, revealed that 77.8% of the samples showed a
positive result for streptomycin residues (Colak et al., 2007). These drug residues in animal products are known to cause
serious health problems, including antibiotic resistance, allergic reactions, and even cancer. Pathogens that can be
transmitted from animals to humans, like Brucella, Mycobacterium, and £ Coli, may also be found in raw milk, posing
further health hazards, particularly for groups at risk such as children, the elderly, and individuals with compromised
immune systems (Mosalagae et al., 2011; Omore et al., 2004). Despite the recognized dangers, these contaminants are often
difficult to detect and regulate, making them a major public health challenge. In Rwanda, the contamination of dairy
products continues considered as a public health issue, as 85% of milk is sold through informal, unregulated markets, while
only 15% is distributed via formal channels, this leads to a decline in milk quality.

II. METHODOLOGY
2.1 Study Design

This study employed a cross-sectional research design to assess key determinants contributing to milk contamination among
dairy farmers in Bugesera District, Rwanda.

2.1 Target Population
The study population involved dairy farmers delivering milk in different milk Collection centers of Bugesera District.
2.3 Sample Size

For calculating the sample size, we used Fisher’s formula (Fisher, 1998). For those working in the livestock industry and in
veterinary medicine, this tool is invaluable for gauging the current and future health of a population and identifying potential
problem areas. There are fewer than 10,000 households in the Bugesera district, so the formula was adjusted using a finite
population adjustment formula to acquire the correct study sample size. The target population is 500, while the study
population is less than 10,000. Fisher’s formula states:

Fisher's Sample Size Formula:
n= Z*p(1=

E2
n = sample size
Z = Z value (a standard normal variable corresponding to the desired confidence level
p = estimated proportion of the population (0.5 is often used for maximum sample size)
E = margin of error (expressed as a decimal, 5% = 0.05)

n=_1.96>0.5 (1-0.5)
(0.05)>

n= 3.8416-0.5-0.5
0.0025
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n=0.9604
0.0025
n=384.16

Adjusted sample size

n

nf = —
1+(3)
384.16
nf= 384.6
1+(500)
384.16
nf: —
1.76832
nf=217

2.4 Sampling Technique

The study has utilized purposive sampling and convenient random sampling techniques to select participants with firsthand
information from the target population, which consists of farmers supplying milk at milk collection Center.

2.5 Data Collection Instruments

This study utilized three primary data collection tools: a questionnaire with closed-ended questions, interviews, and
documentary reviews.

III. RESULTS
3.1 Socio-Demographic Characteristics of Respondents

The study opined that the majority of gender respondents, 73% (158), were male, and a minority 27% (59) were female of
the 217 respondents in the Bugesera District, with RR (0.2, 0.7), (0.37). Consistence gender protection in milk
contamination

Gender Participartion in Prevetion and control of Milk
products Contamination

:

Figure 1: Gender Participation in Prevention and control of Milk products Contamination

The study showed that the most active age in the study was 67% (145), from the cohort of 35 to 55years and least cohort
16% (34) was from the age cohort of 23 to 35years consisting of mainly youth generations

3.2 Presentation of Findings
3.2.1 Prevalence of Milk Contamination in Bugesera Milk Collection Centers

The prevalence of milk contamination in Bugesera District, based on data from 217 farmers across five sectors, showed
significant between sectors in both milk contamination and non-milk-related contamination experiences at milk collection
centers (MCCs). Overall Prevalence of Milk Contamination was only 52, (24%) with significant P values of 0.034, milk
farmers and were only associated with limited hygiene practices when handle milk for human consumption at the collecting
center in the district. Such unclean cow pens, poor personal hygiene of milkers, and inadequate cleaning of milking
equipment, many farmers were unaware that contamination could also result from residues of veterinary drugs administered
to livestock or from pesticide and other agricultural input. Used for crops that can be used for feeding dairy cows.
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Figure 2: Prevalence of Milk Contamination in the study area
3.2.2 Hygienic practices used by Dairy farmers to control milk contamination in Bugesera District

The results indicate that while many farmers 169, (77.9%) wash their hands and clean the udder 156, (71.9%) before milking
both crucial practices for maintaining milk hygiene there remains a notable proportion who do so inconsistently or not at
all. About 22% of farmers either neglect or only occasionally wash their hands or clean udder, posing a contamination risk,
RR (0.21, 0.78) OD (3.7) signify protective association of 95% CI , pvalue of 0.0345 but chance to contaminates rest of
milk in collection being harmful because share same storage containers,

These was also seen during FGD discussion with farmers in who revealed that

“we usually adherence to standard hygienic protocols during milk production and handling was generally low. Due to
several barriers such as, limited access to clean and safe water, financial constraints. Farmers expressed that they often
could not afford detergents or sanitizing agents required for proper equipment cleaning, But the cost of purchasing
appropriate milking containers, such as stainless-steel cans forcing them to rely on less hygienic alternatives like plastic
containers, which are harder to clean and more likely to harbor bacteria. FGD held on the 10%/8/2025.

Table 1: Opined Main Hygiene Practices Utilized to Prevent and Cotrol Milk Contaminations When Handling
Milk or Human Consumption in the Study Area District

Variable assessed Categories Frequency %
Equipment used for cleaning milking tools Cooled water and Detergent 109 50.2%
Cooled water only 82 37.8%
Hot water, detergent and Towel 26 12.0%
Hand washing before milking No 22 10.1%
Sometime 26 12.0%
yes 169 77.9%
Udder cleaning before miking No 22 10.1%
Sometime 39 18.0%
yes 156 71.9%
Milk storage containers Aluminum container 129 59.4%
Plastic container 88 40.6%
Time from farm to MCC 15-30 Min 82 37.8%
31-60 Min 135 62.2%

3.2.3 Types of Testing Methods Used to Prevent Milk Contamination

This study reveals a significant limited control challenges in the milk production system, between farm-level and Milk
collection center practices, where at farm-level contamination could minimal with only 72 (33.6%) of farmers and herders
conduct any milk testing relies heavily on basic methods organoleptic assessment (18.4%) and clot-on-boiling tests
(14.3%)Advanced diagnostic tools like the California Mastitis Test (CMT) are virtually unused (0.5%),while at Milk
Collection Centers (MCC) there is implementation comprehensive standardized testing.
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Standard protocols include alcohol tests (acidity), lactometer tests (density/adulteration), and CMT (mastitis detection) but
there is notable Safety gap on antibiotic residue testing which is a serious food safety concern.

Types of Methods Used To Test Milk To Prevevt And Cotrl Milk
Contamination

= Y EX o cC &
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Figure 3: Opine Types of testing methods used to prevent milk contamination

Limited awareness on various methods to be used to test milk contamination was also discussed in KII, at Nyamata,
Mayange, Rweru, Ruhuha and Gshora milk collection centers, who said “Most farmer are not aware of the modern testing
method on the market to prevent and control milk contation for human consumption”. These was also discussed and
tringualtd in FGD discussions:

We are not aware of simple on-farm milk testing methods, such as alcohol tests, lactometer use, or clot-on-boiling (COB)
tests, which are commonly used to assess milk quality before delivery to collection points. Their lack of exposure to these
methods suggests a significant knowledge and training gap in quality control at the production level. Focus group
Discussion held on the 13" °f August 2025

3.2.4 Level of Hygiene Level in Handling Dairy Feeds for Milk Production and formation

The study opined that the hygiene level of handling dairy feed at household level to control milk contamination was 52%,
(112) respondent covered under the shed and 53% (115), respondents inspected the quality of feeds before given livestock
to feed. Also, majority of famers 68%, (149) were not aware that mycotoxin microbes from fungi Which is zoonotic if you
feed animals on poor moistures feed.

Table 1: The evaluation of hygiene level in handling dairy feeds by farmers supplying milk in Bugesera District,

Rwanda
Variable to assess Categories Number (%) of respondent
Use of dairy supplement No 157(72.4%)
yes 60(27.6%)
Feed storage location Covered shed 112(51.6%)
Nonspecific area 105(48.4%)
Feed inspection frequency Before feeding 115(53%)
Rarely 96(44.2%)
Weekly 6(2.8%)
Handling of contaminated feed Discarded 61(28.1%)
Mixed with other feed 80(36.9%)
Used for other animals 76(35%)
Knowledge about mycotoxin No 149(68.7%)
Yes 68(31.3%)
Source of dairy feed Local market 111(51.2%)
Own production 106(48.8%)
Checking feed quality No 108(49.8%)
Yes 109(50.2%)
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The research findings highlight significant hygiene concerns in how dairy farmers handle animal feeds where most farmers
(72.4%) do not feed dairy supplements, which may impact milk yield and quality. Feed storage is almost evenly split, with
48.4% storing in nonspecific (often unhygienic) areas, this increases the risk of contamination and spoilage. Only 53% of
farmers inspect feed before feeding, while 44.2% rarely inspect it, suggesting poor feed quality control practices. Only
28.1% discard contaminated feed, while the rest either mix it (36.9%) or give it to other animals (35%), posing potential
health risks across the herd. 68.7% of farmers are unaware of mycotoxins, harmful compounds in spoiled feeds, and about
half (49.8%) do not check feed quality at all. This knowledge gap underscores a serious vulnerability in feed safety and
animal health management.

3.3 Inferential Statistics

Examination on knowledge, attitudes, and practices (KAP) is associated with milk contamination among dairy
farmers in Bugesera District

The study found there is a strong association between trained farmers and non-trained farmers, where 77% more less likely
to experience milk contamination compared to those who had not received training. The odds ratio (OR) for untrained
farmers was 0.33 (95% CI: 0.118-0.457; p < 0.001), indicating a significant association. The study found that appropriate
milk storage using aluminum containers were 3.88 times less likely to experience contamination compared to those using
plastic or other materials (OR = 3.88; 95% CI: 2.012-7.493; p < 0.001). In contrast, plastic containers were associated with
higher contamination risks (OR = 1.402; 95% CI: 1.172-1.678), likely due to micro-cracks and poor sterilization. The
compliance with the antibiotic withdrawal period. were 112.5 times less likely to experience milk contamination (OR =
112.5;95% CI: 25.927-488.151; p <0.001). In contrast, non-compliant farmers had an OR 0f2.628 (95% CI: 1.979-3.489),
indicating higher contamination risks.

Farmers' perceptions of the health risks posed by contaminated milk showed no significant association with actual
contamination outcomes. Both those who agreed and those who strongly agreed that contaminated milk can cause human
disecases had approximately the same odds of experiencing contamination (OR = 1.056 and OR = 1.013, respectively; p =
1.0 Those who never separated sick animals were 17.88 times more likely to experience milk contamination (OR = 17.883;
95% CI: 0.8359-38.262; p < 0.001).

The study found that Vaccination frequency also influenced contamination risk. Farmers who always vaccinated their cows
were significantly less likely to experience contamination (OR = 0.193; 95% CI: 0.1-0.378; p < 0.001), compared to those
who only sometimes vaccinated (OR = 0.636; 95% CI: 0.511-0.793).

Table 2: Examination on knowledge, attitudes, and practices (KAP) is associated with milk contamination among
dairy farmers in Bugesera District

Variables Experienced milk contamination at Milk Collection Center

No Yes OR 95% CI (RR) P-Value
No training received on milk quality 60 37 0.33 0.118-0.457 <001
Yes, trained on milk quality 105 15 0.77 0.596-0.38
Milk stored using aluminum container 111 18 3.88 2.012-7.493 <001
Milk stored using plastic container 54 34 1.402 1.172-1.678
Do follow antibiotic withdraw period (Always) 135 2 1125 25.927-488.151 <001
Do not follow antibiotic withdraw period (Never) 30 50 2.628 1.979-3.489
Agree that contaminated milk causes human 72 22 1.056 0.562-1.983 1
Disease
I strongly agree that contaminated milk cause 93 30 1.013 0.872-1.177
human Disease
Do never separate sick cow from health 145 15 17.883 0.8359-38.262 <0.001
Do separate sick cow from health 20 37 2.583 1.808-3.689
Do you always vaccinate your cows (Yes) 126 32 0.193 0.1-0.378 <0.001
Sometime vaccinate cows 39 20 0.636 0.511-0.793
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IV. DISCUSSION

The results of this study highlight the persistence of microbial contamination challenges within smallholder dairy systems
in Bugesera District, reflecting a broader pattern observed across East Africa. Similar contamination trends have been
reported in comparable dairy systems in Tanzania and Kenya, where inadequate infrastructure, poor hygiene practices, and
limited farmer knowledge have been identified as key contributors (Kurwijila & Bennett, 2011; Tegegne et al., 2013;
Lindahl et al., 2018). The relatively high contamination levels underscore the multifaceted nature of milk quality problems
in resource-limited settings, where technological and educational constraints converge to hinder safe production and
handling.

Farmer education and training emerged as critical determinants of milk quality. The observed association between training
and reduced contamination supports evidence from Kenya and Ethiopia, where better-educated farmers were significantly
more likely to adopt hygienic milking and handling practices (Makita et al., 2012; Tegegne et al., 2013). This suggests that
capacity-building initiatives emphasizing hygiene, equipment sanitation, and awareness of feed-borne contaminants such
as mycotoxins could substantially enhance milk safety. The low awareness of mycotoxin risks among farmers in Bugesera
mirrors findings from other African contexts and indicates a pressing need for targeted education campaigns (Lindahl et al.,
2018; Kagera et al., 2019).

Hygienic practices and infrastructure conditions were also major determinants of contamination. The use of plastic
containers, inadequate cleaning methods, and long transportation times expose milk to bacterial proliferation, as established
by earlier studies in East African dairy systems (Staal et al., 2008; Grace et al., 2012). Insufficient access to cooling facilities
and poor-quality water for equipment sanitation further compound the problem. Moreover, limited on-farm milk testing and
the absence of antibiotic residue screening highlight systemic weaknesses in local milk safety management, consistent with
observations by Beyene et al. (2016). Addressing these gaps requires coordinated interventions integrating training,
improved collection infrastructure, and the promotion of appropriate handling technologies such as aluminum containers
and cooling equipment.

Overall, this study reinforces that milk contamination in smallholder settings is driven by a combination of educational,
behavioral, and infrastructural factors. Sustainable mitigation demands a holistic approach involving continuous farmer
training, stronger extension services, and improved post-harvest infrastructure. Future research should incorporate
microbiological testing to identify specific pathogens and adopt longitudinal designs to capture contamination dynamics
over time. Such evidence would better inform policy and intervention strategies aimed at ensuring milk safety and protecting
public health in Rwanda’s growing dairy sector.

V. ETHICAL APPROVAL

Ethical approval for the study was provided by the Mount Kenya University Ethical Review Board REF: MKU
04/ERC/0096, and permission for data collection was obtained from Bugesera District leadership. Respondents were
informed about the purpose of the study, how their responses would be used, and their right to withdraw at any time.
Informed consent was obtained through signed consent forms from those who agreed to participate.

V1. CONCLUSION

This study establishes milk contamination as a significant public health issue in Bugesera District, Rwanda, largely
attributed to inadequate hygiene practices, poor feed management, and limited farmer knowledge. Although basic hygiene
measures such as hand and udder washing are practiced, substandard methods and equipment persist, resulting in a
contamination rate of 24% in milk collection centers.

Statistical analysis identified strong associations between contamination levels and factors such as container type, hygiene
practices, adherence to antibiotic withdrawal periods, and training on milk quality. Farmers lacking training were notably
more likely to produce contaminated milk, while the use of aluminum containers, routine vaccination, and isolation of sick
animals served as protective measures. The observed gap between farmers’ awareness of contamination risks and their
actual practices highlights the need for more effective knowledge transfer.

To mitigate contamination, comprehensive training programs on hygienic milking, feed safety, and contamination detection
are essential. In addition, policy interventions should enforce the use of hygienic equipment and standardized milk collection
protocols. Addressing these determinants will enhance milk safety, improve product quality, and protect public health in
Bugesera District and beyond.
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