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Hygiene, milking, storage, transport, and consumption practices in informal dairy value 

chains in Nigeria: implications for antimicrobial resistance exposure 

What is already known about this topic? 

Antibiotic residues and antimicrobial-resistant bacteria have been detected in raw milk and 

fermented dairy products sold through informal markets in Nigeria and across sub-Saharan 

Africa. Informal dairy value chains, which supply the majority of urban and peri-urban 

consumers in low- and middle-income countries, operate outside formal regulatory oversight. 

What does this study add? 

This study provides the first systematic, indicator-based mapping of 42 practice domains 

spanning farm hygiene, udder management, storage, processing, transport and consumer 

handling across informal dairy value chains in Kaduna State, Nigeria. It identifies specific 

behavioural and structural gaps that sustain residue persistence and microbial contamination 

and generates actionable evidence for national biosecurity policy and global antimicrobial 

resistance action plans. 
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Abstract 

Objective  

To systematically evaluate knowledge, attitudes, and practices (KAP) related to hygiene, 

milking, storage, transport, and consumption within informal dairy value chains in Kaduna 

State, Nigeria, and to identify behavioural and infrastructural gaps that potentiate antimicrobial 

resistance (AMR) exposure. 

Methods  

A descriptive cross-sectional survey was conducted among 77 Fulani women vendors in Zaria 

and Sabon Gari markets between June and December 2024. A structured questionnaire captured 

10 knowledge items, 10 attitude statements, and 42 practice indicators. Responses were 

analysed as proportional frequencies, and composite KAP scores were calculated to quantify 

performance across domains. 

Findings  

Knowledge was markedly weak (33.6%): although vaccination adherence was high (72.7%), 

misconceptions were entrenched; only 16.9% understood biosecurity, 18.2% recognised 

laboratory testing as necessary, and nearly half erroneously believed milk is routinely tested 

before sale. Attitudes were moderately positive (60.3%), with strong agreement that biosecurity 

reduces antimicrobial use (mean = 5.30) and residues are harmful (mean = 4.10). Yet unsafe 

orientations persisted, including acceptance of selling milk during treatment (mean = 3.69). 

Practices were mixed (44.8%): daily cleaning and vaccination were common, but udder 

hygiene was poor (23.4% dual-phase cleaning, 5.2% detergent use), and cold chain continuity 

was rare (32.5% during transport). The composite KAP score of 46.2% revealed a substantial 

knowledge–practice gap. 
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Conclusion  

Nigeria’s informal dairy chains exhibit systemic deficiencies that facilitate the transmission of 

AMR. Strengthening biosecurity, improving udder hygiene, expanding cold chain 

infrastructure, and embedding residue surveillance, alongside behaviourally grounded and 

gender-responsive training, are urgent priorities. These measures must be aligned with 

Nigeria’s National Biosecurity Policy and harmonised with global AMR frameworks, thereby 

advancing food safety governance and mitigating consumer exposure to antimicrobial hazards. 

Introduction 

Antimicrobial resistance (AMR) has emerged as one of the most formidable global public 

health challenges of the twenty-first century. Murray et al. [2022] (1) estimated that AMR 

directly caused 1.27 million deaths in 2019 and was associated with an additional 4.95 million 

fatalities, a burden comparable to HIV/AIDS and tuberculosis. The Global Action Plan on 

AMR, endorsed by the World Health Assembly in 2015, underscores that selective pressure is 

not confined to clinical environments but extends into food animal production and informal 

markets (2). 

Raw milk and informally traded dairy products constitute major vectors of foodborne illness. 

WHO estimates that unsafe food causes 600 million illnesses and 420,000 deaths annually, 

with disproportionate impacts in sub-Saharan Africa (SSA) and South-East Asia, where 

informal markets dominate (3). In SSA alone, foodborne disease accounts for 137,000 deaths 

and 91 million illnesses each year, with informal channels responsible for up to 80% of cases 

in low-income countries (4). 

Nigeria epitomises these challenges. With over 20 million cattle and more than 90% of milk 

produced through low-input pastoral systems, the majority of dairy flows into informal chains 

(5,6,7). Fulani herders and peri-urban vendors supply cities such as Kaduna, Kano, and Lagos 
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with raw milk, kindirmo, nono, and other products, typically without pasteurisation, cold 

storage, or microbial testing (8,9,10). Prior studies in Kaduna documented antibiotic residues 

in milk and fermented products, confirming direct consumer exposure (11). Yet upstream 

practices that shape residue persistence and microbial proliferation remain poorly 

characterised. 

Hygiene and biosecurity practices influence microbial load and entry of residues; udder 

management determines mastitis pathogens; cold chain continuity governs microbial growth; 

and consumer handling shapes the final risk (12,13,14). Against this backdrop, the present 

study conducted a cross-sectional survey of 42 practice indicators (PMS1–PMS42) among 

smallholder dairy farmers and vendors in Kaduna State to identify domains most consequential 

for AMR exposure and to generate evidence for policy interventions aligned with Nigeria’s 

biosecurity strategy and global AMR action plans (2). 

This manuscript maps hygiene, milking, storage, transport, and consumption practices along 

the informal dairy chain. Companion publications from the same survey describe antibiotic‑use 

stewardship gaps, antimicrobial‑residue knowledge, attitudes, and practices (KAP), and AMR 

concept‑level awareness among Fulani women vendors. Together, these four papers provide a 

comprehensive and integrated picture of AMR risks in Nigeria’s informal dairy sector 

(15,16,17). 

Methods 

Study design and setting  

This descriptive cross-sectional study interrogated informal dairy value chains serving Zaria 

and Sabon Gari in Kaduna State between June and December 2023. These chains are dominated 

by smallholder Fulani households, with milk and fermented products traded primarily through 

itinerant vendors outside formal cold chain and inspection systems.  
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Participants  

Eligibility required active involvement in milk production, processing, or vending. A total of 

100 Fulani women vendors were identified during systematic market walks. Of these, 77 

consented and completed the survey, representing the full accessible population during the data 

collection period. This census-based approach, consistent with sub-Saharan African 

practice-mapping surveys, ensured comprehensive coverage. 

The enrolment process is illustrated in Figure 1, which depicts the flow of participants through 

the study. Of 100 eligible vendors, 23 declined participation citing livelihood demands, while 

77 consented, completed the survey, and were included in the final analysis. No exclusions 

occurred after enrolment, and retention was complete. 

Survey instrument and measurement  

A structured questionnaire captured 72 items across four domains: General Information, 

Knowledge, Attitude, and Practice. Practices were assessed through 42 indicators spanning 

farm management, milking hygiene, storage and processing, and transport and consumption. 

Item development drew on WHO hygiene guidance (18), FAO dairy protocols (19.20), and 

SSA KAP literature (21,22,23). The instrument was pretested among 20 respondents not 

included in the analysis to refine wording and reduce ambiguity. All participants were 

interviewed face-to-face by trained Hausa-, Fulfulde-, and English-speaking researchers, using 

neutral prompts to minimise interviewer bias. 

Outcomes and statistical analysis  

The primary outcomes were composite Knowledge, Attitude, and Practice (KAP) scores on 

milk safety and antimicrobial resistance. Responses were recorded across categorical 

frequency options. Composite indices were dichotomised: Knowledge and Attitude scores into 

Poor versus Not Poor, and Practice indicators into Poor (<50%) versus Fair (≥50%). 
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Frequencies were calculated for each indicator and visualised as bar charts and heatmaps 

(Figures 2–8). Chi-square tests assessed associations between demographic variables and 

practice categories; p < 0.05 was considered significant. Sensitivity analyses were conducted 

by cross-validating results in IBM SPSS Statistics (version 26) and Python (SciPy and Pandas 

libraries). 

Bias mitigation and ethics  

Potential sources of bias were addressed through questionnaire pretesting, interviewer training, 

and neutral prompting. Nonetheless, social desirability bias remains a limitation, as 

respondents may have overstated hygienic practices. The study complied with the Declaration 

of Helsinki and the STROBE guidelines.  Participation was voluntary, informed consent was 

obtained, and no personal identifiers were collected. Ethical approval was granted by Ahmadu 

Bello University, Zaria (ABUCUHSR/2022/29). 

Results 

Participant characteristics  

Demographic and background information are summarised in Figure 2. Respondents were aged 

25–45 years, all engaged in itinerant milk vending. Settlements included Basawa, Hunkuyi, 

Giwa, Kudingi, and others. The average time spent in the vending experience was 8 years. 

Cattle milk dominated (77.9%), supplemented by camel, goat, and sheep. Over half (51.9%) 

obtained milk directly from animals, while others sourced it from wholesalers or distributors. 

Kindirmo was the leading product marketed (40.3%), followed by nono (24.7%), raw milk 

(20.8%), and yoghurt (9.1%). Educational attainment was modest: Qur’anic education (33.8%) 

was most common, followed by tertiary, secondary, primary, and no formal schooling. Despite 

limited education, 55.8% had prior training on milk hygiene or AMR. 

Knowledge (K-MS1–10)  



8 | P a g e  
 

Knowledge indicators are visualised in Figure 3. Vaccination adherence was strong (72.7%), 

and half of the respondents (50.6%) had heard of antibiotic residues. However, only 16.9% 

correctly defined residues, and 42.9% lacked knowledge of biosecurity. Misconceptions were 

widespread: 44.2% believed milk could be sold during treatment, 49.4% assumed routine 

testing occurs, and only 18.2% recognised laboratory testing as the correct method for 

confirming antibiotic-free milk. Composite knowledge scoring averaged 33.6%, indicating that 

most respondents were poor. 

Attitudes (A-MS1–10)  

Attitudinal orientations are depicted in Figure 4. Attitudes were moderately favourable, with a 

corrected cumulative mean of 4.22 (≈60.3%). Respondents strongly agreed that biosecurity 

reduces antimicrobial use (mean = 5.30) and residues are harmful (mean = 4.10). They rejected 

sensory detection as reliable (mean = 4.44). Yet unsafe orientations persisted: acceptance of 

selling milk during treatment (mean = 3.69), belief that residues improve product quality 

(mean = 3.73), and ambivalence about routine testing (mean = 3.94). 

Practices (P-MS1–42)  

Practice indicators are presented across four figures: 

• Figure 5 illustrates farm management and hygiene practices (PMS1–PMS9), showing 

inconsistent biosecurity measures such as perimeter fencing (41.6%) and visitor access 

(31.2%). 

• Figure 6 depicts milking routines and udder hygiene (PMS10–PMS20), highlighting 

weak adherence to dual-phase cleaning (23.4%) and minimal detergent/disinfectant use 

(5.2%). 
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• Figure 7 summarises storage, processing, and fermentation practices (PMS21–PMS35), 

with limited cold storage (35.1%) and rare cold chain continuity during transport 

(32.5%). Kindirmo conversion was common (32.5%). 

• Figure 8 presents transport, marketing, and consumption practices (PMS36–PMS42), 

underscoring the absence of systematic cold chain infrastructure and reliance on 

informal consumer handling. 

Composite KAP outcomes  

Aggregate scores are visualised in Figure 9, which compares composite knowledge, attitudes, 

and practices against a benchmark threshold of 50%. Knowledge (33.6%) and practices 

(44.8%) fell below the median line, while attitudes (60.3%) rose above it. The composite score 

of 46.2% reflects a substantial knowledge–practice gap. Chi-square tests revealed no 

significant associations between education level or hygiene training and practice scores (all 

p > 0.05). Sensitivity analyses confirmed reproducibility. 

Discussion 

This study mapped 10 knowledge items, 10 attitude statements, and 42 practice indicators 

across informal dairy chains in Kaduna State, revealing the mechanisms through which 

antimicrobial resistance (AMR) risks are propagated from cattle sheds to household cups. 

Summary of key results in relation to objectives  

This investigation sought to delineate hygiene, milking, storage, transport, and consumption 

practices within Kaduna’s informal dairy chains and to identify mechanisms that potentiate 

antimicrobial resistance (AMR) risk. The findings revealed a paradoxical juxtaposition: while 

routine husbandry tasks such as vaccination (72.7%) and daily cleaning of waterers and floors 

(53–58%) were relatively well-adhered to, practices most critical to AMR containment were 
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profoundly deficient. Udder hygiene was strikingly weak, with only 23.4% adherence to dual-

phase cleaning and only 5.2% reporting detergent or disinfectant use. Cold chain continuity 

was rare, maintained by only 32.5% during transport, and biosecurity was compromised, with 

over half permitting visitor entry and nearly one-third reporting wild-animal intrusion. 

Knowledge emerged as the weakest domain (33.6%), characterised by entrenched 

misconceptions: nearly half of respondents assumed routine milk testing occurs before sale, 

and 44.2% accepted milk sales during treatment. Attitudes were moderately favourable 

(60.3%), with strong endorsement of biosecurity and recognition of residues as harmful, yet 

unsafe orientations persisted, including the belief that residues enhance product quality. These 

results underscore a pronounced knowledge–practice gap, a phenomenon consistently 

documented in food safety literature (20,24,25). 

Interpretation and comparison with other evidence  

The findings resonate with Madjdian et al. [2024] (24), who demonstrated that hygiene 

awareness among informal food handlers in West Africa responds positively to structured 

educational interventions. They also align with broader evidence indicating that routine 

husbandry tasks are more readily internalised than complex safety behaviours such as cold 

chain management or teat disinfection (20). The present study complements residue analyses 

in Kaduna State (10) by linking observed antibiotic residues to specific upstream practice 

failures, thereby constructing an evidence-based causal chain from farm-level antimicrobial 

use to consumer-level AMR exposure. Comparable deficiencies have been reported in The 

Gambia and Senegal (26), in Nigerian nono markets (27), and across informal milk chains 

globally (28,29). 

Limitations  

This study relied on self-reported practices, which introduces social desirability bias and likely 



11 | P a g e  
 

inflates compliance rates. The census approach ensured full coverage of consenting vendors 

but restricted generalisability beyond Kaduna State. Subgroup analyses by education and prior 

hygiene training were underpowered and yielded no significant associations. Categorical rather 

than continuous measures constrained analytical precision. Despite these constraints, the 

comprehensive 42-indicator mapping strengthens confidence in the observed knowledge–

practice gap and provides actionable evidence for policy and intervention design. 

Generalisability  

While the findings are most directly applicable to peri-urban dairy chains in Kaduna State, 

parallels with other sub-Saharan African contexts (11,26) suggest broader relevance. 

Nevertheless, extrapolation to regions with divergent regulatory frameworks, infrastructural 

capacities, or cultural practices must be undertaken with caution. 

Overall interpretation  

Taken together, the evidence highlights that behavioural capacity for hygiene compliance exists 

but is unevenly applied, with critical gaps in practices most consequential for AMR 

transmission. The persistence of deficiencies despite prior training underscores the need for 

pedagogically redesigned, behaviourally grounded interventions. National and regional policy 

frameworks already identify hygiene and cold chain weaknesses as priority targets (30,31). 

This study provides granular, practice-level evidence to guide intervention design and 

implementation, reinforcing the imperatives of WHO’s Global Action Plan on AMR (2). 

Conclusion 

This study demonstrates that Nigeria’s informal dairy chains are characterised by systemic 

weaknesses in hygiene, biosecurity, and cold chain continuity, which collectively create 

compounding pathways for antimicrobial residues and resistant bacteria to reach consumers. 

While routine cleaning and vaccination provide partial safeguards, poor udder hygiene, 
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permissive attitudes toward milk sales during treatment, and the absence of cold chain 

infrastructure critically undermine milk safety. The composite KAP score of 46.2% reflects a 

pronounced knowledge–practice gap: attitudes were moderately favourable, yet insufficient to 

catalyse safe behaviours. 

Addressing these vulnerabilities requires technically robust and socially responsive 

interventions. Priority measures include subsidised cold chain infrastructure, residue 

surveillance embedded within informal markets, and gender-responsive training tailored to 

Fulani women vendors. Such interventions must be harmonised with Nigeria’s National 

Biosecurity Policy (30) and regional frameworks on livestock and dairy value chains (31), 

while simultaneously reinforcing the imperatives of WHO’s Global Action Plan on AMR (2). 

By situating practice-level evidence within global AMR governance, this study underscores the 

urgency of bridging the knowledge–practice divide. Only through integrated, evidence-driven 

strategies can Nigeria’s informal dairy sector be transformed from a reservoir of antimicrobial 

risk into a safer, more resilient contributor to public health. 

Data availability: The raw frequency dataset supporting the findings of this study, together 

with the structured survey instrument, is publicly available in the Zenodo repository under the 

digital object identifier [https://doi.org/10.5281/zenodo.19625682]. Additional data requests 

may be directed to the corresponding author. 
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Fig 1. Flow of participants through the study 
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Fig. 2. General information (GIMS1–GIMS10)  

Responses of smallholder dairy farmers and vendors in Kaduna State, Nigeria (n = 77). Bars 

show the proportion of respondents selecting each response category for demographic and 

background information items.  
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Fig. 3. Knowledge regarding milk safety and informal dairy value chains (KMS1–

KMS10)  

Responses of smallholder dairy farmers and vendors in Kaduna State, Nigeria (n = 77). 

Heatmap cells show the percentage of respondents answering “Yes,” “No,” “Do not know,” 

“Other,” or “No response” for each knowledge item.  
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Fig. 4. Attitudes toward milk safety and informal dairy value chains (AMS1–AMS10)  

Responses of smallholder dairy farmers and vendors in Kaduna State, Nigeria (n = 77). Bars 

show the number of respondents across seven attitudinal categories: strongly agree, agree, 

somewhat agree, neutral, somewhat disagree, disagree and strongly disagree.  
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Fig. 5. Farm management and hygiene practices (PMS1–PMS9)  

Responses of smallholder dairy farmers and vendors in Kaduna State, Nigeria (n = 77). Bars 

show the proportion of respondents reporting each frequency category for farm hygiene and 

biosecurity practices. 
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Fig. 6. Milking frequency and udder hygiene practices (PMS10–PMS20)  

Responses of smallholder dairy farmers in Kaduna State, Nigeria (n = 77). Bars show the 

proportion of respondents reporting each frequency category for milking routines and udder 

hygiene measures. 
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Fig. 7. Milk storage, processing and fermentation practices (PMS21–PMS35)  

Responses of smallholder dairy farmers and vendors in Kaduna State, Nigeria (n = 77). Bars 

show the proportion of respondents reporting each frequency category for storage, preservation 

and processing practices. Kindirmo refers to a traditional Nigerian fermented milk product. 
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Fig. 8. Transport, marketing and consumption practices (PMS36–PMS42) 

Responses of milk vendors in Kaduna State, Nigeria (n = 77). Bars show the proportion of 

respondents reporting each frequency category for transport methods, marketing practices and 

consumer handling of milk. 
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Fig. 9. Composite knowledge, attitudes, and practices (KAP) scores 

Aggregate scores of smallholder dairy farmers and vendors in Kaduna State, Nigeria (n = 77). 

The radar chart compares composite knowledge, attitudes, and practices scores against a 

benchmark threshold of 50%. 
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