o Taylor & Francis
Cﬁ;gent Tdyk‘}:&fmnm\(.r(mp

food .
S Cogent Food & Agriculture

I55M 23311983

ISSN: 2331-1932 (Online) Journal homepage: www.tandfonline.com/journals/oafa20

Microbiological and chemical quality of raw
milk, Bongo and yoghurt from diverse sources
in Mbarara District, Uganda: a cross-sectional
analysis of contamination and safety indicators

Amos Mugabe , Ediriisa Mugampoza & Paul Alex Wacoo

To cite this article: Amos Mugabe , Ediriisa Mugampoza & Paul Alex Wacoo (2026)
Microbiological and chemical quality of raw milk, Bongo and yoghurt from diverse sources in
Mbarara District, Uganda: a cross-sectional analysis of contamination and safety indicators,
Cogent Food & Agriculture, 12:1, 2660380, DOI: 10.1080/23311932.2026.2660380

To link to this article: https://doi.org/10.1080/23311932.2026.2660380

© 2026 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

ﬁ Published online: 24 Apr 2026.

N
[:J/ Submit your article to this journal &

||I| Article views: 106

A
& View related articles &'

7R\

@ View Crossmark data ('

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=oafa20


https://www.tandfonline.com/journals/oafa20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/23311932.2026.2660380
https://doi.org/10.1080/23311932.2026.2660380
https://www.tandfonline.com/action/authorSubmission?journalCode=oafa20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=oafa20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/23311932.2026.2660380?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/23311932.2026.2660380?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/23311932.2026.2660380&domain=pdf&date_stamp=24%20Apr%202026
http://crossmark.crossref.org/dialog/?doi=10.1080/23311932.2026.2660380&domain=pdf&date_stamp=24%20Apr%202026
https://www.tandfonline.com/action/journalInformation?journalCode=oafa20

COGENT FOOD & AGRICULTURE
2026, VOL. 12, NO. 1, 2660380
https://doi.org/10.1080/23311932.2026.2660380

cxgent

8 OPEN ACCESS ‘ N Checkforupdates‘

FOOD SCIENCE & TECHNOLOGY | RESEARCH ARTICLE

Microbiological and chemical quality of raw milk, Bongo and
yoghurt from diverse sources in Mbarara District, Uganda: a cross-
sectional analysis of contamination and safety indicators

Amos Mugabe?, Ediriisa Mugampoza® and Paul Alex WacooP

aDepartment of Food Science and Technology, Faculty of Science, Kyambogo University, Kampala, Uganda; *Lecturer
Department of Biochemistry, School of Biomedical Sciences, Makerere University, Kampala, Uganda

ABSTRACT

This study assessed the microbiological and chemical quality of milk, Bongo, and
yoghurt collected from different points along the dairy value chain in Mbarara District,
Uganda, over three sampling rounds between October and December 2024. A total of
270 samples were analyzed, comprising 162 milk samples from farms, collection centers,
and processors, as well as 54 yoghurt and 54 Bongo samples from processors.
Microbiological quality was evaluated using standard plate count methods to determine
total viable counts (TVC), Escherichia coli, and yeasts and moulds, while Salmonella was
detected qualitatively. Chemical quality was assessed through pH and titratable acidity
following ISO protocols. Overall results showed that milk from informal collection
centers had the highest contamination (TVC 8.73 log CFU/mL; E. coli 4.02 log CFU/mL).
Yeasts and moulds were highest (5.55 log CFU/mL) in yoghurt from small-scale
processors. Salmonella was detected only in milk from farms and informal collection
centers. Milk from formal farms had the highest pH (7.01), whereas yogurt from
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small-scale processors highest titratable acidity (0.93% lactic acid). Statistical analysis
(one-way ANOVA, Tukey’s test, p<0.05) showed variation in quality along the dairy
value chain hence the need for improved hygiene and processing practices, especially
in informal sectors.

1. Introduction

Dairy products play a central role in the Ugandan diet, providing affordable sources of high-quality pro-
tein, fat, calcium, and essential micronutrients. Uganda produces approximately 3.85 billion litres of milk
annually, with consumption rising steadily in both rural and urban areas (Dairy Development Authority
[DDA], 2024). Fresh milk and fermented dairy products such as yoghurt and Bongo are widely consumed
across all population segments (Aryana et al., 2017). Notably, urban and peri-urban consumers, especially
young adults with higher incomes, increasingly prefer processed and fermented dairy products for their
perceived health benefits, while older adults or those with mild lactose intolerance often favour fer-
mented beverages like Bongo due to improved digestibility (Byakika et al., 2019). Bongo, locally known
as amakamo among the Banyankore, is a traditional fermented milk beverage that is lighter in texture
and acidity than yoghurt and is culturally significant in western and central Uganda (Baker & Achieng,
2022; Byakika et al., 2019). The rising demand for both traditionally fermented and industrially processed
dairy products has been driven by urbanization and changing dietary patterns (Uganda National Bureau
of Standards, 2020).

Despite their nutritional value, dairy products are highly susceptible to microbial contamination
because of their high moisture content, near-neutral pH (in milk), and rich nutrient composition. Common
microbiological hazards in milk and fermented products include high total viable counts (TVC), Escherichia
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coli as an indicator of fecal contamination, yeasts and moulds associated with spoilage and mycotoxin
risks, and pathogens such as Salmonella spp., Listeria monocytogenes, Staphylococcus aureus, and
Pseudomonas spp. that cause health risks that range from mild self-limiting gastroenteritis to severe,
life-threatening infections, particularly for vulnerable populations (Beltrdn-Barrientos et al, 2018; Cissé
et al, 2019; Tshilumba et al.,, 2021; World Health Organization, 2019). While this study focused on E. coli
and Salmonella due to their high prevalence, ease of detection and regulatory significance in Uganda,
other bacteria and fungi remain important for future investigations. Zoonotic pathogens such as Brucella
spp. and Mycobacterium bovis, which pose serious public health risks through consumption of unpasteur-
ized milk, were not included in this study due to resource limitations, though their consideration is
recommended in future surveillance.

In Uganda, dairy safety is further challenged by weak regulatory enforcement, dominance of the infor-
mal sector, temperature changes during transport and storage, limited access to cold chains, and incon-
sistent hygiene practices at farm, collection, and processing levels (Nabongo & Kyobe, 2019; UNBS, 2020).
While formal processors are regulated, many small-scale yoghurt and Bongo producers operate without
standardized protocols for pasteurization, fermentation and packaging. Notably, Uganda currently lacks
specific microbiological standards for traditional fermented milk products such as Bongo (Kavuma &
Nakalembe, 2018; Khalid et al., 2017; Tukamuhabwa & Okello, 2022), creating regulatory gaps that expose
consumers to health risks.

Studies from Uganda and across the East African region have reported high microbial loads in raw
milk and fermented dairy products. Byakika et al. (2019) and Mwebaze et al. (2021) documented elevated
total viable counts (TVC) and E. coli levels in traditionally fermented milk, while Nabukenya et al. (2020)
reported contamination of yoghurt from informal processors with yeasts, moulds, and coliforms. Similar
trends are observed across Africa, where poor hygiene and inadequate temperature control greatly con-
tribute to widespread contamination of dairy products (Cissé et al., 2019; Tshilumba et al., 2021). However,
most studies focus on single products or single points in the dairy value chain, limiting holistic under-
standing of contamination patterns.

There is limited integrated evidence comparing the microbiological and chemical quality of raw milk,
Bongo, and yoghurt simultaneously across different points of the dairy value chain (farms, milk collection
centers, and processors). Raw milk serves as the primary input for both Bongo and yoghurt, and con-
tamination at early stages can propagate through processing into final consumer products. Evaluating
these products together allows identification of critical control points, tracing of contamination pathways,
and comparison between traditional and industrial processing systems.

Therefore, this study aimed to assess the microbiological (focusing on E. coli, Salmonella, yeasts and
moulds) and chemical quality (pH and titratable acidity) of raw milk, Bongo, and yoghurt obtained from
farms, milk collection centers, and processors in Mbarara District, Uganda. The findings provide evidence
to inform regulatory frameworks, improve hygiene practices, and strengthen food safety interventions
along the dairy value chain to protect public health.

2. Materials and methods
2.1. Study design and sampling

The study was carried out in Mbarara District, located in western Uganda, a region widely recognized as
the country’s leading hub for cattle farming and dairy production. Mbarara alone produces approximately
1.2 million liters of milk daily, contributing over 30% of Uganda’s total milk production (DDA, 2022). The
district has an estimated cattle population exceeding 500,000 and is home to numerous milk collection
centers and small-scale dairy processors. Traditional fermented dairy products such as Bongo are com-
monly produced and consumed in this region and are increasingly processed for commercial sale along-
side yoghurt and raw milk.

Raw milk, yoghurt, and Bongo samples were collected from formal farms (FF), informal farms (IF),
formal milk collection centers (FMCC), informal milk collection centers (IMCC), and small-scale processors
(SCP) during the rainy season (October-December 2024). The rainy season was noted because it increases
the risk of intra-mammary infections and microbial contamination due to accumulated manure, wet
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bedding, and higher microbial loads in the environment. Somatic cell counts (SCC) were not determined
in this study, although they represent a useful indicator of udder health and milk quality, particularly in
small farms with relaxed sanitary controls.

Commercial dairy farms, milk collection centers and processing plants require certification by the
Dairy Development Authority (DDA) or Uganda National Bureau of Standards (UNBS) which are govern-
ment regulatory bodies. Therefore, formal sources were defined as those registered with DDA or UNBS
and operating under documented hygiene protocols, pasteurization standards, and cold-chain systems,
including government-mandated sanitary certification. Informal sources were unregistered and operated
without standardized hygiene procedures, temperature control, or regulatory oversight.

For each subcategory, three sampling sites were purposively selected to capture variability in handling
practices while maintaining logistical feasibility and analytical depth. At each site, samples were collected
in triplicate per round across three sampling rounds, ensuring temporal and spatial representativeness.
Samples were collected directly from bulk storage tanks, post-refrigeration units, and packaged products
at processing plants, to capture microbial quality at key stages along the value chain. This design resulted
in a total of 270 samples: 162 milk samples (from farms, collection centers, and processors), 54 yoghurt
samples, and 54 Bongo samples (from processors only). Samples were aseptically collected, labelled,
packed in cooler boxes (<4°C), and immediately transported to the Makerere University Food Microbiology
Laboratory for analysis.

The study also considered critical points of contamination along the dairy value chain (farms, collec-
tion centers, and processors), reflecting a simplified Hazard Analysis and Critical Control Points (HACCP)
perspective. Sampling focused on points most likely to contribute to microbial contamination, including
milk storage tanks, holding vessels, and packaged fermented products.

2.2. Microbiological analyses, pH and titratable acidity determination

To prepare the initial dilution, T0mL of each milk, yoghurt, and Bongo sample was transferred into 90 mL
of sterile peptone water and homogenized for 1 minute at 230rpm using a stomacher (Seward, Wagtech
International, Thatcham, England) (Seward, 2018). Subsequent ten-fold serial dilutions (up to 10-%) were
prepared according to ISO 7218:2007. All microbiological analyses followed International Organization for
Standardization (ISO) protocols.

Total Viable Counts (TVC): TVC were determined by pour plating 1 mL of appropriate dilutions onto
Plate Count Agar (PCA). Plates were incubated at 30°C for 72h in accordance with ISO 4833-1:2013/Amd
1:2022. Distinct colonies were enumerated and expressed as log Colony Forming Units per milliliter (log
CFU/mL).

Escherichia coli: E. coli were enumerated using Tryptone Bile X-glucuronide (TBX) agar following I1SO
16649-1:2018. One milliliter of each dilution was pour-plated, followed by a resuscitation step at 37°C for
4h, after which plates were incubated at 44°C for 18-24h. Blue or blue-green colonies, indicative of
B-glucuronidase-positive E. coli, were counted and results expressed as log CFU/mL.

Yeasts and Moulds: Yeasts and moulds were determined by surface plating 0.1 mL of each dilution
on Potato Dextrose Agar (PDA) acidified with 1% lactic acid and incubated at 25°C for 5days according
to I1SO 21527-2:2010. Results were expressed as log CFU/mL.

Salmonella spp.: Detection of Salmonella followed 1SO 6579-1:2017. Briefly, 25mL of each sample was
pre-enriched in 225mL Buffered Peptone Water at 37°C for 24h, selectively enriched in Rappaport-
Vassiliadis Soy Broth at 41.5°C for 24h, and streaked onto Xylose Lysine Deoxycholate (XLD) agar and
Brilliant Green Agar. Presumptive colonies were biochemically confirmed and results were qualitatively
reported as detected/not detected.

All culture media were obtained from Laboratorios CONDA (Madrid, Spain) and prepared according to
the manufacturer’s instructions (CONDA, 2020).

pH and Titratable Acidity: The potential of hydrogen (pH) of each sample was measured using a
calibrated digital pH meter (pH 98,107, USA). Titratable acidity (TA) was determined by titrating 10mL of
sample with standardized 0.1 M NaOH using phenolphthalein as an indicator and expressed as percent-
age (%) lactic acid. In fermented products (yoghurt and Bongo), acidity reflected fermentation activity,
while deviations in milk indicated possible spoilage, early microbial acidification, or adulteration.
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2.3. Statistical analysis

Data were analyzed using IBM SPSS Statistics (Version 30). Microbial counts were log,.-transformed prior
to analysis. Descriptive statistics were computed, and differences among product types and source cate-
gories were assessed using one-way Analysis of Variance (ANOVA). Where significant differences occurred,
Tukey’s post-hoc test was applied. Statistical significance was set at p<0.05.

3. Results and discussion

Results in Table 1 show that yoghurt from formal processors had consistently high total viable counts
(TVQ). They averaged 6.62 log CFU/mL across the three sampling rounds, with no significant variation
(p>0.05). According to Codex Alimentarius Standard for Fermented Milk (CODEX STAN 243-2003) and
the East African Standard for Yoghurt (EAS 33:2018), yoghurt should contain a minimum of 10" CFU/mL
(7 log CFU/mL) of viable starter cultures at the time of consumption. This is to ensure product quality
and probiotic functionality. Therefore, the TVC levels observed in this study fall within the acceptable and
desirable range for properly fermented yoghurt. The observed TVC levels reflect active lactic acid bacte-
ria populations rather than contamination. Total viable count ranges (6.0-7.8 log CFU/mL) have also been
reported in industrial and semi-industrial yoghurt from Uganda, Kenya, and Tanzania, where controlled
fermentation using defined starter cultures typically yielded high viable counts of lactic acid bacteria
(Byakika et al., 2019; Kivaria et al.,, 2013; Nabukenya et al., 2020; Ndambi et al., 2018; Omwamba et al,,
2014; Shalo et al., 2014).

In contrast, yoghurt from small-scale processors initially showed the presence of Escherichia coli (2.84
log CFU/mL in round one), declined significantly to 0.68 log CFU/mL in the second round and was not
detected by the third sampling round (p<0.05). According to Codex and UNBS/EAS microbiological cri-
teria, E. coli should be absent in TmL of yoghurt. Its presence is considered unacceptable due to its
indication of fecal contamination and poor hygiene (Codex CAC/RCP 1-1969; EAS 33:2018). The detection
of E. coli in this study therefore could be attributed to violation of sanitary standards. This suggests con-
tamination arising from poor-quality raw milk, unsafe water, unhygienic equipment, or post-pasteurization
handling. Related contamination patterns have also been reported in informally processed yoghurt and
fermented milk in Uganda, Kenya, and West Africa, where inadequate temperature control, poor sanita-
tion, and weak hygiene practices during fermentation and post-processing handling were identified as
key risk factors (Cissé et al., 2019; Kivaria et al., 2013; Mwebaze et al., 2021; Ndambi et al., 2018; Omwamba
et al., 2014; Shalo et al., 2014).

Yeasts and moulds were largely absent in yoghurt from formal processors, except for a single detec-
tion in the second sampling round (4.00 log CFU/mL). In contrast, yoghurt from small-scale processors
showed consistently higher fungal loads, ranging from 6.01 to 3.17 log CFU/mL across sampling rounds.
International and national guidelines for fermented dairy products recommend yeast and mould counts
below 10-10" CFU/mL (2-3 log CFU/mL) to prevent spoilage and off-flavours (ICMSF, 2018; USDA-FSIS,
2015). Counts above these levels indicate post-fermentation contamination and poor environmental
hygiene. Similarly, fungal loads have been reported in traditionally processed yoghurt and fermented
milk products in Uganda, Tanzania, and Kenya, where informal processing, open fermentation, and lim-
ited hygiene control favour yeast and mould growth (Byakika et al., 2019; Kivaria et al., 2006; Lore et al,,
2005; Nabukenya et al., 2020; Omore et al., 2005; Tshilumba et al., 2021).

Table 1. Microbiological quality of yoghurt collected in Mbarara district during three rounds.

Yeast and moulds

TVC (log CFU/mL) E. coli (log CFU/mL) (log CFU/mL) Salmonella
Rounds FP SCP FP SCP FP SCP FP SCP
1 6.622+0.3 ND 0.00°+0.4 2.842+0.5 0.00°+0.3 6.012+0.2 NDT NDT
2 6.62°+0.1 ND 0.00 2£0.2 0.68°+0.4 4.00°+0.2 4.77°+0.3 NDT NDT
3 6.622+0.3 ND 0.00 2+0.1 0.00°+0.2 0.00°+0.1 3.17°+0.1 NDT NDT

Values are expressed as mean +standard deviation from three replicates. Means bearing identical superscripts within the same column do not
differ significantly (p <0.05). TVC=Total Viable Count; FP=Formal Processors; SCP=Small-Scale Processors; ND: Not determined; NDT=Not
Detected.
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Although informal milk handling environments usually show high total viable counts, yeast and mould
growth may be suppressed by competitive inhibition from fast-growing lactic acid bacteria. These bac-
teria rapidly lower pH and reduce oxygen availability during fermentation (Tshilumba et al.,, 2021). This
ecological competition likely explains why fungal counts were comparatively lower in some samples
despite high TVC values.

Salmonella was not detected in any yoghurt sample. This finding aligns with Codex and USDA dairy
safety models, which recommend that properly pasteurized milk and fermented dairy products should
be free from Salmonella in 25 mL of product (Codex CAC/RCP 1-1969; USDA-FSIS, 2015). Similarly, studies
in Uganda, Kenya, and Tanzania have reported the absence or very low prevalence of Salmonella in fer-
mented milk and yoghurt from formal and informal processors, indicating effective heat treatment and
fermentation practices (Kivaria et al.,, 2006; Nabukenya et al., 2020; Omore et al.,, 2005). The absence of
Salmonella in the present study suggests that both formal and small-scale processors applied sufficient
heat treatment to eliminate this pathogen. However, post-processing hygiene remains critical to prevent
recontamination.

Results in Table 2 show that total viable counts (TVC) were not determined for Bongo because this
product undergoes spontaneous fermentation dominated by mixed microbial populations. This makes
overall viable counts less informative than specific hygienic and spoilage indicators. Consequently, E. coli,
yeasts, and moulds were used as key indicators of sanitary quality and shelf-life stability. This is consis-
tent with Codex and ICMSF recommendations for traditionally fermented milk products (Codex CAC/RCP
57-2004; ICMSF, 2018). Related approaches have been applied in East African studies, where informal
dairy products such as Mursik in Kenya, traditionally fermented milk in western Uganda, and Maasai sour
milk in northern Tanzania are evaluated primarily using E. coli and fungal indicators rather than TVC. This
is due to the complex microbial ecology of spontaneous fermentation (Byakika et al., 2019; Kivaria et al.,
2006; Mwebaze et al., 2021; Nabukenya et al.,, 2020). These studies highlight that in spontaneously fer-
mented products, monitoring specific hygienic indicators provides a more accurate assessment of micro-
bial safety and shelf-life than overall bacterial counts.

E. coli was detected in Bongo samples in all three sampling rounds, although levels declined signifi-
cantly over time (p<0.05). In the first round, counts were high (3.73 log CFU/mL), indicating fecal con-
tamination likely arising from poor-quality raw milk, use of contaminated water, unclean fermentation
vessels, or inadequate personal hygiene during handling. According to Codex Alimentarius and the East
African Standard for fermented milks (EAS 33:2018), E. coli should be absent in 1mL of ready-to-consume
fermented dairy products. Therefore, the presence of E. coli at any level represents non-compliance with
sanitary standards and a potential public health risk. Related contamination levels have been reported
in traditionally fermented milk products in western Uganda, northern Tanzania, and Kenya, where spon-
taneous fermentation, informal processing, and poor hygiene practices increase exposure to environmen-
tal and fecal contaminants (Byakika et al., 2019; Kivaria et al, 2006; Mwebaze et al., 2021; Nabukenya
et al, 2020; Tshilumba et al., 2021).

The marked decline to 1.06 log CFU/mL in the second round and 0.09 log CFU/mL in the third sug-
gests improved hygienic control over time, possibly due to increased awareness, training, or behavioral
changes among processors. Nonetheless, even low-level detection remains unacceptable under UNBS,
EAC, and Codex microbiological criteria and continues to represent a risk, especially for children, the
elderly and immunocompromised consumers.

Yeasts and moulds also showed a decreasing trend, from 4.03 log CFU/mL in the first round to 3.03
log CFU/mL in the third (p<0.05). International guidelines for fermented milk products recommend
yeast and mould counts below 10°-10* CFU/mL (2-3 log CFU/mL) to minimize spoilage and prevent

Table 2. Microbiological quality of bongo from small scale processors in Mbarara district during three rounds.

E.coli Yeast and moulds
Round TVC (log CFU/mL) (log CFU/mL) (log CFU/mL) Salmonella
1 ND 3.732+0.2 4.032+£0.2 NDT
2 ND 1.06°+0.4 3.85%+0.3 NDT
3 ND 0.09+1.2 3.03°+0.1 NDT

Values are expressed as mean +standard deviation from three replicates. Means bearing identical superscripts within the same column do not
differ significantly (p<0.05). TVC=Total Viable Count; ND: Not determined; NDT=Not Detected.
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off-flavours and gas formation (ICMSF, 2018; USDA-FSIS, 2015). Fungal loads above recommended limits
have also been reported in traditionally fermented milk products in East Africa, including Uganda,
Kenya, and Tanzania, where open-air fermentation, reuse of non-sanitized containers, and poor storage
conditions contribute to post-fermentation contamination (Byakika et al, 2019; Kivaria et al, 2006;
Nabukenya et al., 2020; Tshilumba et al., 2021). Although a gradual reduction was observed across sam-
pling rounds, the continued presence of fungi in a product intended for fresh consumption raises con-
cerns about spoilage and potential mycotoxin risks if storage is prolonged or temperature control is
inadequate.

Salmonella was not detected in any Bongo sample. This aligns with Codex and USDA dairy safety
models, which require Salmonella to be absent in 25mL of fermented dairy products (Codex CAC/RCP
1-1969; USDA-FSIS, 2015). Similar findings have been reported in traditionally fermented milk products
in East Africa, including Uganda, Kenya, and Tanzania, where spontaneous fermentation and acidification
reduce Salmonella prevalence despite informal processing practices (Kivaria et al., 2006; Nabukenya et al,,
2020; Omore et al., 2005). The absence of this pathogen in Bongo suggests that heat treatment and
acidification during fermentation were effective; however, this does not eliminate public health concerns
posed by persistent E. coli and fungal contamination, which remain common in spontaneously fermented
dairy products in the region.

Results in Table 3 show that total viable counts (TVC) were high across all milk sources, indicating
substantial microbial contamination along the dairy value chain. In the first sampling round, informal
milk collection centers (IMCC) recorded the highest TVC (9.1 log CFU/mL), significantly exceeding levels
in formal milk collection centers (FMCC), formal farms (FF), and informal farms (IF) (p <0.05). According
to the East African Standard for raw milk (EAS 67:2018) and Codex guidelines, raw cow’s milk intended
for processing should not exceed 5.0-6.0 log CFU/mL at collection. Therefore, the TVC levels observed at
IMCC and IF far exceed acceptable limits and indicate severe breakdowns in hygiene and temperature
control. The same patterns, where informal collection points show the greatest contamination, have been
reported in Uganda and Kenya, where lack of refrigeration, extended holding times, and unhygienic
transfer practices contribute to rapid bacterial multiplication (Byakika et al., 2019; Mwebaze et al., 2021;
Nabongo & Kyobe, 2019).

The consistently elevated TVC in IMCC reflects structural and operational risks inherent in the informal
sector: milk is pooled from multiple farms, transported without cooling, exposed to dust and handling,
and stored in non-sanitized containers. These conditions favour rapid bacterial growth and make IMCC
critical control points for contamination. Comparable TVC values (>8.0 log CFU/mL) have been reported
in informal milk channels in Tanzania and Ethiopia, emphasizing that this is a widespread regional chal-
lenge (Cissé et al., 2019; Tshilumba et al., 2021).

Escherichia coli was absent from FMCC and FF in round one, suggesting relatively good initial hygiene
in the formal sector. However, its appearance in FMCC in round two (3.2 log CFU/mL) indicates possible
lapses in sanitation, water quality, or cold-chain maintenance. In contrast, IMCC consistently showed the
highest E. coli levels, peaking at 4.5 log CFU/mL in round one and remaining elevated across all rounds.
Samples from informal farms also showed persistent E. coli contamination. According to Codex
Alimentarius and EAS microbiological criteria, E. coli in raw milk should be <1 log CFU/mL and ideally
absent, as it indicates fecal contamination. The levels observed here therefore represent serious
non-compliance with hygiene standards and a public health risk. This is particularly because raw milk is
often consumed without adequate heat treatment. Similar E. coli loads have been documented in raw
milk from informal markets in Uganda and Rwanda, where contamination is linked to dirty udders,
unsafe water, and unclean milking utensils (Byakika et al., 2019; Nabukenya et al., 2020).

All milk samples showed some level of fungal contamination. Although IMCC had the highest TVC,
their yeast and mould counts were sometimes lower than expected. This may be explained by microbial
competition, where fast-growing bacteria dominate early and suppress fungal growth through acidifica-
tion and nutrient depletion. Nevertheless, fungal counts of 3-4 log CFU/mL in both formal and informal
systems exceed the recommended limits for raw milk quality. The ICMSF and USDA dairy hygiene models
suggest yeast and mould levels should remain below 10°-10° CFU/mL (2-3 log CFU/mL) to minimize
spoilage. These elevated fungal counts indicate post-milking contamination from dirty containers, air-
borne spores, and warm storage environments. Similar fungal levels have been reported in raw milk in
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Uganda and Ethiopia. They are associated with reduced shelf life and spoilage (Cissé et al., 2019;
Tshilumba et al.,, 2021).

Salmonella was detected only in informal systems (IMCC and IF) samples across all three rounds, while
FMCC and FF remained free of this pathogen. Under ISO 6579-1:2017, the organism must be absent in
25mL of raw milk intended for processing. The recurrent detection of Salmonella in IMCC therefore rep-
resents a major breach of food safety standards. It indicates systemic failures in hygiene, temperature
control, and raw milk quality. Similar findings have been reported in informal milk markets in East Africa,
where lack of pasteurization and cold-chain infrastructure facilitates pathogen survival (Cissé et al., 2019;
Mwebaze et al., 2021).

Overall, these results demonstrate that informal milk collection centers represent the highest-risk
nodes in the dairy value chain, acting as amplification points for contamination. Targeted interven-
tions at IMCC such as provision of cooling facilities, training in hygienic handling, water quality con-
trol, and regulatory oversight are therefore critical for improving milk safety and protecting
public health.

Results in Table 4 show that yoghurt pH varied significantly between processor categories and across
sampling rounds. This reflects differences in fermentation control and post-fermentation handling.
According to Codex Alimentarius (CAC, 2011) and the Uganda National Bureau of Standards (UNBS, US
EAS 33:2017), acceptable yoghurt should have a pH range of approximately 4.0-4.6, corresponding to a
titratable acidity of 0.6-1.2% lactic acid. These parameters are used internationally as indicators of proper
fermentation, product safety, and sensory quality.

In the first round, yoghurt from formal processors (FP) had a significantly higher pH (4.38) than sam-
ples from small-scale processors (SCP), which were more acidic (pH 3.54; p<0.05). The SCP values fall
below the Codex/UNBS lower pH limit, indicating over-acidification. This excessive acidity is also reflected
in the titratable acidity values (1.06% lactic acid), which exceed the optimal range for yoghurt and may
negatively affect sensory acceptability. Comparable findings have been reported in informally processed
yoghurt in East Africa, where lack of standardized starter culture control and temperature regulation
leads to excessive acid development (Byakika et al., 2019; Nabukenya et al., 2020).

In the second round, pH values increased and converged between FP (4.60) and SCP (4.72), bringing
both categories within or very close to the Codex and UNBS acceptable range. This suggests improved
control of fermentation time and cooling practices, particularly among SCPs. In the third round, FP sam-
ples again showed a slightly but significantly higher pH (4.75) than SCP (4.67), although both remained
within the internationally accepted range for yoghurt. The overall upward and stabilizing trend in pH
across rounds indicates improved process standardization and product consistency.

Titratable acidity (TA) results complemented the pH trends. In round one, SCP yoghurt had signifi-
cantly higher acidity (1.06%) than FP (0.61%), exceeding the recommended range and confirming uncon-
trolled fermentation. In rounds two and three, TA values for FP and SCP became statistically similar
(round two: 0.86 vs 0.85%; round three: 0.76 vs 0.88%), all falling within the Codex and UNBS recom-
mended limits for fermented milk products.

Therefore, the convergence of pH and titratable acidity (TA) values over time in this study suggests
not only improved fermentation control but also movement toward compliance with recognized regula-
tory and sanitary verification models used by Codex, UNBS, USDA, and IDF. The same trends have been
observed in small-scale and traditionally processed yoghurt in East Africa, including Uganda and Kenya,
where adoption of good manufacturing practices, improved starter culture handling, and better tempera-
ture management during fermentation have led to more consistent acidification and safer products
(Byakika et al., 2019; Mbugua et al, 2003; Nabukenya et al, 2020). These improvements likely reflect

Table 4. pH And titratable acidity of yoghurt collected from Mbarara district during three rounds.

pH Titratable acidity
Rounds FP SCP FP Scp
1 4.38°+0.2 3.54b+0.2 0.61°+0.1 1.06°+£0.3
2 4.60°+0.1 4.72°+0.3 0.86°+0.2 0.852+0.5
3 4.752+0.3 4.67°+0.1 0.76°+0.1 0.882 +0.2

Values are expressed as mean +standard deviation from three replicates. Means bearing identical superscripts within the same column do not
differ significantly (p <0.05); FP: Formal processors, SCP: Small scale processors.
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increased awareness and training among processors, contributing to safer and higher-quality fermented
dairy products even at informal or small-scale production levels.

Results in Table 5 show that the pH of Bongo increased gradually across the three sampling rounds,
indicating changes in fermentation dynamics and product handling. In round one, Bongo had a mean
pH of 4.09, reflecting a highly acidic product. Such low pH values are typical of spontaneous, uncon-
trolled fermentation systems where microbial activity proceeds without standardized starter cultures or
strict time-temperature control. Similar pH levels have been reported in traditionally fermented milk
products in western Uganda and Tanzania, where ambient fermentation and prolonged holding times
promote excessive acid development (Byakika et al, 2019; Tshilumba et al., 2021).

By rounds two and three, pH values increased to 4.62 and 4.63, respectively. Although these increases
were not statistically significant (p>0.05), the upward trend suggests greater stabilization of the fermen-
tation process. A pH close to 4.6 is generally considered acceptable for fermented dairy products, as it
balances inhibition of pathogenic bacteria with desirable sensory properties and consumer acceptability
(Codex Alimentarius, 2011; UNBS, 2020). The observed trend may reflect improvements in fermentation
duration control, container sanitation, and storage practices among small-scale producers.

Titratable acidity (TA), which reflects lactic acid concentration, followed an inverse pattern to pH. The
highest acidity was recorded in round one (1.06% lactic acid), corresponding with the lowest pH and
indicating over-acidification. Excessive acidity in Bongo can result from prolonged fermentation at ambi-
ent temperatures and high initial microbial loads. In rounds two and three, TA declined to 0.80% and
0.87%, respectively. Although these changes were not statistically significant (p>0.05), they suggest
improved control over fermentation intensity and reduced acid production.

Overall, the convergence of pH and TA values in later sampling rounds shows increasing consistency in
product quality. This trend likely reflects gradual adoption of better hygiene practices, improved awareness
of fermentation control, and reduced exposure to temperature abuse during storage and marketing. Similar
observations have been reported in traditionally fermented milk and yoghurt in East Africa, including
Uganda, Kenya, and Tanzania. In those studies, small-scale processors adopting improved starter culture
management, cleaner equipment, and controlled fermentation conditions achieved more consistent acidity
and safer products (Byakika et al, 2019; Kivaria et al., 2006; Nabukenya et al., 2020). Such improvements
are essential for ensuring both the safety and sensory acceptability of traditional fermented dairy products
like Bongo, which remain widely consumed in informal markets across the region.

Results in Table 6 show that milk pH values fluctuated across sampling rounds. This reflects differences
in handling, sanitation, and temperature control along the value chain. In round one, milk from formal
sources (formal milk collection centers and formal farms) had higher pH values (7.34 and 7.27, respectively),
consistent with fresh milk and minimal microbial acid production. In contrast, milk from informal milk col-
lection centers (IMCC) and informal farms (IF) had lower pH values (6.34 and 6.55). This suggests early
microbial activity likely due to delayed cooling, use of contaminated containers, or poor sanitation during
milking and transport. Similar pH patterns have been reported in informal milk markets in Uganda and
Kenya, where lack of refrigeration accelerates acidification (Byakika et al., 2019; Nabongo & Kyobe, 2019).

Table 5. pH And titratable acidity of bongo from small scale processors in Mbarara district during three rounds.

Rounds pH Titratable acidity
1 4.09°+£0.2 1.06°£0.1
2 4.62°+0.4 0.80°+0.2
3 4.63°+0.3 0.872£0.1

Values are expressed as mean +standard deviation from three replicates. Means bearing identical superscripts within the same column do not
differ significantly (p <0.05).

Table 6. pH And titratable acidity of milk collected from Mbarara district during three rounds.

pH Titratable acidity
Rounds FMCC IMCC FF IF FMCC IMCC FF IF
1 7.34°+0.5 6.34°+0.2 7.27°+0.3 6.55°+0.2 0.152£0.1 0.27°+£0.4 0.11+0.2 0.30°+£0.5
2 6.42°+0.4 5.982+0.3 7.23%0+0.2 6.18°+0.3 0.432+0.2 0.382+0.1 0.142+0.1 0.412£0.1
3 6.62°+0.4 6.36°+0.1 6.53°+0.1 6.46°+0.2 0.252+£0.5 0.372+£0.5 0.28°+0.3 0.31°+£0.6

Values are means+S.D from triplicate determinations. Means with the same superscripts within a column are not significantly different
(p<0.05); FMCC: Formal milk collection centers, IMCC: informal milk collection centers, FF: Formal farms, IF: Informal farms.
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By round two, pH declined across all sources, with IMCC (5.98) and IF (6.18) recording the lowest
values. This pronounced acidification reflects ongoing microbial metabolism under inadequate tempera-
ture control. Notably, FMCC also showed a decline to 6.42, indicating that even formal systems may
experience temporary cold-chain failures or post-collection contamination. In round three, pH values par-
tially recovered but remained lower than those in round one. This suggests inconsistent quality control,
particularly in the informal sector. Although within-source differences across rounds were not statistically
significant (p>0.05), the overall pattern indicates unstable milk quality. This could be linked to handling
and storage variability.

Titratable acidity (TA) followed the expected inverse relationship with pH. In round one, TA values
were lowest in FMCC (0.15%) and FF (0.11% lactic acid), confirming freshness. In contrast, IMCC (0.27%)
and IF (0.30%) had higher acidity, indicating early spoilage. By round two, TA increased markedly across
all sources, with the highest values in IF (0.41%) and IMCC (0.38%), confirming active microbial fermen-
tation likely driven by prolonged ambient storage. Even FMCC showed an increase (0.43%), reinforcing
that quality lapses can occur when cold-chain systems are disrupted.

In round three, TA values in formal sources declined to intermediate levels (0.25-0.28%), suggesting
partial restoration of handling control. However, IMCC and IF remained elevated, underscoring the per-
sistent vulnerability of informal distribution channels to spoilage. Comparable acidity levels have been
reported in raw milk sold through informal markets in East Africa. Delayed transportation and inadequate
sanitation remain major constraints to quality (Cissé et al., 2019; Tshilumba et al., 2021).

Overall, the pH and TA patterns confirm that informal milk channels especially IMCC are consistently
associated with unstable chemical quality. This reflects insufficient cold-chain infrastructure and hygiene
practices. Strengthening temperature control, container sanitation, and rapid transport at IMCC is there-
fore critical to improving raw milk quality and safety.

Table 7 presents the overall microbiological quality of milk, Bongo, and yoghurt from different pro-
duction and processing sources in Mbarara District. It includes total viable count (TVC), Escherichia coli,
yeasts and moulds, and the presence of Salmonella. These indicators collectively provide insight into
hygiene, fermentation control, and potential public health risks.

Total Viable Count (TVC), which reflects overall microbial load and general hygiene, was highest in
milk from informal sources: IMCC (8.73 log CFU/mL) and IF (8.10 log CFU/mL). These levels were signifi-
cantly greater than those observed in milk from formal sources (FMCC, 7.90; FF, 7.59). This highlights the
effectiveness of controlled handling and improved sanitation in formal supply chains. High TVC in infor-
mally handled milk has been consistently reported across East Africa, where milk collected directly from
farms or informal markets often exhibits counts above 8 log CFU/mL. This is could be attributed to
inadequate cooling, open-air handling, and prolonged storage before sale (Kivaria et al., 2006; Nabukenya
et al, 2020; Omore et al, 2005). In contrast, formal supply chains employing pasteurization, hygienic
collection, and cold chain management maintain lower microbial loads, consistent with observations in
Kenya and Uganda (Byakika et al., 2019; Mbugua et al., 2003).

Yoghurt from formal processors (FP) showed lower TVC (6.62 log CFU/mL). This reflects the combined
effects of pasteurization, controlled fermentation, and adherence to good manufacturing practices.
Similar results have been reported in studies of industrially produced yoghurt in Uganda and Kenya,
where starter culture-driven fermentation ensures a high population of lactic acid bacteria while mini-
mizing contamination by spoilage organisms (Byakika et al., 2019; Mbugua et al., 2003; Nabukenya et al,,

Table 7. Overall microbiological quality of milk, bongo and yoghurt collected from different areas in Mbarara district.

E. coli Yeasts and moulds

Sample Source TVC (log CFU/mL) (log CFU/mL) (log CFU/mL) Salmonella
Bongo SCP ND 3.26°+0.4 3.80°+0.5 NDT
Milk FF 7.59%°+0.3 2.91°+0.3 3.48°+0.4 DT
Milk IF 8.10°+0.2 2.61°+0.2 3.00°+0.2 DT
Yoghurt FP 6.62°+0.5 0.00°+0.1 3.52°+0.3 NDT
Milk IMCC 8.732+0.6 4.022+0.2 2.67°£0.6 DT
Milk FMCC 7.90°+0.3 3.07°£0.1 3.37°+0.5 NDT
Yoghurt SCP ND 2.37°+0.2 5.552+0.4 NDT

Values are means+S.D from triplicate determinations. Means with the same superscripts within a column are not significantly different
(p<0.05); SCP: Small scale processors, FF: Formal farms, IF: Informal farms, FP: Formal processors, IMCC: Informal milk collection centers, FMCC:
Formal milk collection centers, ND: Not determined, NDT: Not detected, DT: Detected.
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2020). Yoghurt from small-scale processors (SCP) maintained moderate bacterial loads. This indicates
active starter cultures, but occasional post-processing contamination is common due to less stringent
hygiene practices, as reported in informal dairy operations in western Uganda and northern Tanzania
(Kivaria et al., 2006; Tshilumba et al.,, 2021). These findings collectively highlight the importance of con-
trolled handling, starter culture management, and hygienic practices in reducing microbial load and
ensuring the safety of dairy products in the region.

Escherichia coli, as an indicator of fecal contamination, was highest in milk from IMCC (4.02 log CFU/
mL), followed by FMCC (3.07) and Bongo (3.26). These findings underscore the heightened contamination
risk in informal milk collection systems, where poor infrastructure, shared containers, and inadequate
sanitation facilitate microbial growth. In contrast, FP yoghurt consistently showed no detectable E. coli
which reflects effective microbial control. Yoghurt samples from SCP contained moderate levels (2.37 log
CFU/mL). This is likely due to post-fermentation handling or packaging lapses. Comparable levels of E.
coli in informal milk channels have been reported in East Africa, including studies from Kenya, Rwanda,
and Tanzania. This confirms that fecal contamination is a persistent public health concern in informal
dairy systems (Kivaria et al.,, 2006; Mutua et al., 2019; Rukundo et al., 2020).

Yeasts and moulds, which indicate spoilage risk and potential mycotoxin contamination, were highest
in SCP yoghurt (5.55 log CFU/mL) and relatively elevated in Bongo (3.80). This suggests that small-scale
and traditional fermentation systems are particularly vulnerable to fungal contamination from ambient
air, containers, or storage conditions. Milk samples from IMCC exhibited relatively low yeast/mould counts
(2.67 log CFU/mL) despite high bacterial loads. This is likely due to competitive inhibition by dominant
lactic acid bacteria, which acidify the environment and suppress fungal growth. Milk from formal sources
showed moderate fungal counts. This indicates that controlled handling reduces, but does not com-
pletely eliminate, spoilage organisms. Similar patterns of fungal contamination in traditionally fermented
dairy products have been documented in Ethiopia, Uganda, and Tanzania. This highlights the universal
challenges of ambient fermentation and post-collection handling (Mbugua et al., 2003; Tshilumba et al.,
2021; Woldemariam et al., 2019).

Salmonella, a key foodborne pathogen, was detected only in raw milk from informal sources, consis-
tent with prior reports from East Africa (Kivaria et al., 2006; Rukundo et al., 2020). This finding indicates
that IMCC and IF milk pose the highest risk for pathogen transmission. Samples from FP and SCP prod-
ucts were free from Salmonella, reflecting the protective effects of pasteurization and fermentation,
which inhibit pathogen survival.

Overall, these results demonstrate that informal milk collection centers and farms represent critical
points of microbial risk. Formalized processing and controlled fermentation significantly reduce both bac-
terial and fungal contamination. Targeted interventions, including improved hygiene, cold-chain mainte-
nance, and training for small-scale and informal producers, are therefore essential. This is important to
safeqguard public health and ensure the microbiological safety of dairy products across the value chain.

Results in Table 8 show that pH and titratable acidity (TA) varied significantly (p<0.05) among milk,
yoghurt, and Bongo. This reflects differences in microbial activity, fermentation status, and handling
practices.

Milk samples exhibited the highest pH values, consistent with their fresh, unfermented state. Among
sources, formal farms (FF: 7.01) recorded the highest pH, indicating better freshness and minimal

Table 8. Overall pH and titratable acidity of milk, bongo and yoghurt collected from different areas in Mbarara
district.

Sample Source pH Titratable acidity
Bongo SCP 4.45°+0.1 0.912+0.5
Milk FF 7.01°+£0.4 0.18+0.2
Milk IF 6.40°+0.1 0.34°+0.1
Yoghurt FP 4.60°+0.2 0.75°+0.3
Milk IMCC 6.232+0.1 0.34°+0.1
Milk FMCC 6.79°£0.5 0.28+0.2
Yoghurt SCP 4.31°+0.1 0.932+0.1

Values are means+S.D from triplicate determinations. Means with the same superscripts within a column are not significantly different
(p<0.05); SCP: Small scale processors, FF: Formal farms, IF: Informal farms, FP: Formal processors, IMCC: Informal milk collection centers, FMCC:
Formal milk collection centers.
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microbial activity. In contrast, informal farms (IF: 6.40) and informal milk collection centers (IMCC: 6.23)
had lower pH. This is likely due to early microbial acidification resulting from delayed cooling, inadequate
sanitation, or extended holding times. Formal milk collection centers (FMCC: 6.79) fell between these
extremes. This generally reflects good handling with occasional exposure to contamination or cold-chain
lapses. Correspondingly, TA values in milk were low across all sources (0.18-0.34% lactic acid), with FF
showing the lowest acidity (0.18%) and IMCC/IF slightly higher (0.34%). This supports the observed pH
differences. Related trends have been reported in East Africa, where milk from informal markets and col-
lection points in Uganda, Kenya, and Tanzania showed early acidification and higher titratable acidity due
to delayed cooling and inadequate hygiene (Kivaria et al., 2006; Mutua et al., 2019; Rukundo et al., 2020).

Yoghurt and Bongo exhibited lower pH values. These values are indicative of lactic acid production.
Yoghurt from formal processors (FP: 4.60) and small community processors (SCP: 4.31) both showed sig-
nificant acidification, while Bongo (4.45) displayed comparable pH. This highlights similar levels of micro-
bial fermentation despite differences in composition and origin. TA values followed this pattern, with the
highest acidity observed in SCP yoghurt (0.93%) and Bongo (0.91%), slightly exceeding FP yoghurt
(0.75%). These differences may reflect variations in fermentation duration, microbial strain composition,
or starter culture standardization, with small-scale and traditional producers experiencing extended fer-
mentation or uncontrolled microbial activity. Comparable findings have been reported in Uganda and
Tanzania, where traditional fermentation systems produce dairy products with high acidity and low pH,
contributing to microbial inhibition. It also creates variability due to inconsistent fermentation control
(Byakika et al., 2019; Tshilumba et al., 2021; Woldemariam et al., 2019).

Collectively, these data demonstrate that product type and processing practices strongly influence
acid-base characteristics. Fermented products (yoghurt and Bongo) achieve lower pH and higher acidity,
which contribute to microbial inhibition, enhanced safety, and longer shelf life. In contrast, milk pH and
TA are sensitive indicators of handling and storage conditions, with informal sectors (IMCC, IF) showing
early signs of acidification that may compromise quality. These findings emphasize the importance of
standardized fermentation, cold-chain management, and hygiene interventions to ensure safe and con-
sistent dairy products across both formal and informal systems. This aligns with recommendations from
regional food safety authorities such as UNBS and FAO/WHO Codex guidelines (Codex CAC/RCP 57-2004;
UNBS, 2017; World Health Organization, 2019).

4. Conclusion and recommendations

This study demonstrates significant variations in the microbiological and chemical quality of milk, Bongo,
and yoghurt in Mbarara District, Uganda. Generally, milk from informal milk collection centers had the
highest microbial contamination, with TVC of 8.73 log CFU/mL and E. coli of 4.02 log CFU/mL, identifying
these centers as critical contamination nodes within the dairy value chain. Yogurt from formal processors
had the lowest microbial contamination, with TVC of 6.62 log CFU/mL and no detectable E. coli. Yeasts
and moulds were present in all products, with the highest levels (5.55 log CFU/mL) observed in yogurt
from small-scale processors. Salmonella was detected only in milk samples from informal farms, formal
farms and informal milk collection centers. Milk from formal farms had the highest pH (7.01) and lowest
titratable acidity (0.18% lactic acid), whereas yogurt from small-scale processors showed the lowest pH
(4.31) and highest acidity (0.93%). These findings indicate that informal milk handling and small-scale
fermentation practices are the major contributors to microbial contamination and acidification, whereas
formal processing and standardized fermentation significantly improve product safety and stability. These
findings further highlight that contamination is introduced and amplified along informal segments of the
dairy value chain, particularly at milk collection and handling points. This has important public health
implications, as consumption of contaminated dairy products may increase the risk of foodborne illnesses
among consumers. Therefore, interventions such as improved hygiene practices at informal milk collection
centers, targeted hygiene training for dairy handlers, improved cold-chain management, and consistent
use of standardized starter cultures are recommended. This will help to reduce microbial risks and enhance
product quality. This study was limited to three sampling rounds over three months in a single district,
which may not capture seasonal variations or practices in other regions. Future research should thus
include longer-term monitoring and expanded geographic coverage to generalize findings across Uganda.
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