
Animal and Veterinary Sciences 

2024, Vol. 12, No. 4, pp. 107-118  

https://doi.org/10.11648/j.avs.20241204.11  

 

 

*Corresponding author:  

Received: 29 May 2024; Accepted: 20 June 2024; Published: 2 July 2024 

 

Copyright: © The Author(s), 2024. Published by Science Publishing Group. This is an Open Access article, distributed 

under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which 

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited. 
 

 

Research Article 

Antimicrobials Use by Smallholder Dairy Farmers in 

Peri-Urban Area of Nakuru Kenya: Knowledge, Attitudes 

and Practices 

Mariama Njie
1, 3, * 

, Bockline Omedo Bebe
1 

, Caleb Oburu Orenge
2 

 

1
Department of Animal Science, Faculty of Agriculture, Egerton University, Njoro, Kenya 

2
Veterinary Medicine Department, Egerton University, Njoro, Kenya 

3
Department of Livestock Services, Ministry of Agriculture, Abuko, The Gambia 

 

Abstract 

In dairy intensification, mastitis infections become prevalent and induce frequent Antimicrobial Use (AMU), sometimes 

inappropriately. This poses public health risks because of growing Antimicrobial Resistance (AMR), which calls for stewardship 

programs informed by Knowledge, Attitude and Practices (KAPs) about AMU and AMR to halt or reverse the worrying trend. 

Data was obtained in cross sectional survey conducted in four peri-urban wards around Nakuru city in Kenya. Randomly selected 

sample farmers (n=124) with free-grazing, semi-zero-grazing or zero-grazing dairy management, representing increasing dairy 

intensification levels provided data on the KAPs. Chi-square test statistics was fitted to establish associations between KAPs and 

dairy intensification levels. Among the sample farmers, six in ten (58.8 percent) had intensified dairy production, at least six in 

ten were marketing milk through informal outlets and were using antimicrobial drugs. Compliance with the withdrawal period 

was high and increased (p<0.05) with increasing intensification from free-grazing to zero-grazing. Within antibiotic withdrawal 

period, at least seven in ten farmers did not sell milk, fewer than four in ten consumed their milk at home and fewer than three in 

ten fed the milk to calves. Though independent of dairy intensification level (p>0.05), using antimicrobials for mastitis treatment 

increased while sourcing information on antimicrobial use from extension and veterinary officers decreased, with increasing 

intensification level. Farmers with some training on prudent antimicrobial use and with positive attitudes that milk from 

antimicrobial treated cows is unsafe, antimicrobial resistant pathogens and residues can be passed from milk to humans, mastitis 

can be treated without antimicrobial drugs, and antimicrobial residues can end up accumulating in the soils increased (p>0.05) 

with increasing dairy intensification levels. These results show that regarding AMU and AMR, farmers become more 

knowledgeable, with positive attitudes and good practices as they intensify their dairy management. The implication is that 

intensification of dairy management motivates farmers to gain more knowledge, acquire positive attitudes and apply good 

practices towards responsible prudent use of antimicrobials in livestock. Therefore, strengthening stewardship with targeted 

training and sensitization can foster prudent and responsible antimicrobial use. 
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1. Introduction 

Growing consumption demand for animal protein is driving 

intensification of livestock production systems in which an-

timicrobial use (AMU) is projected to increase by 67 percent 

between the year 2010 and 2030 [1]. In intensive dairy pro-

duction, mastitis disease is prevalent and induces overdosing, 

underdosing or inappropriate use of veterinary antimicrobial 

drugs for treatment [2]. Consequential to this is occurrence of 

antimicrobial residue in food of animal origin and subsequent 

development of antimicrobial resistance (AMR), with impacts 

on food safety and public health [3]. These present public 

health risks because of a high probability of future treatment 

failures in both animals and humans. This public health con-

cern is growing in countries where growth in consumption 

demand for animal protein is more rapid, yet consumption of 

antimicrobial veterinary drugs (AMD) is weakly regulated. 

The growing public health concerns on AMU and AMR jus-

tifies antimicrobial stewardship programs. Effective antimi-

crobial stewardship programs are evidence-informed with the 

Knowledge, Attitudes and Practice (KAPs) regarding AMU 

of the farmers. This is a critical step in developing antimi-

crobial stewardship programs [4]. The 2021--2025 action plan 

of the Food and Agriculture Organization (FAO) of the United 

Nations has proposed antimicrobial stewardship program 

actions. These include boosting stakeholder engagement and 

awareness, enhancing research and surveillance, encouraging 

good practices, and strengthening governance and sustainable 

resource allocation [5]. However, instance of inappropriate 

AMU frequently arises, which pose public health risks. This is 

a likely situation among the peri-urban smallholder dairy 

farmers in Kenya. They are intensifying their dairy manage-

ment systems and so are more likely to engage in high AMU 

in treating mastitis infections, a prevalent intensification dis-

ease [6]. However, there is a dearth of information on KAPs 

regarding AMU and AMR among peri-urban smallholder 

dairy farmers, particularly in Kenya, a country with 

well-developed dairy industry in Africa [7, 8]. This 

knowledge gap is a barrier to evidence informed antimicrobial 

stewardship program actions that can reverse the trends in 

antimicrobial resistance development [9]. The goal of re-

sponsible antimicrobial stewardship is to prevent the emer-

gence and spread of antimicrobial resistance, maintain the 

effectiveness of veterinary drugs, and promote a One-Health 

concept [10]. Antimicrobial stewardship program actions are 

being implemented in industrial livestock systems because 

data is available from effective monitoring of AMU and AMR 

trends in livestock production [1]. In order to track the sus-

ceptibility of the principal mastitis pathogens to antimicrobial 

medications used to treat the disease in North America, the 

mastitis pathogen antimicrobial susceptibility surveillance 

program was established in 2002 and its implementation has 

continued [10]. This is yet to be achieved in peri-urban 

smallholder dairy systems in Kenya because data on KAPs 

regarding AMU and AMR remain scarce. This knowledge gap 

hinders good understanding of the association between dairy 

intensification and KAPs about AMU and AMR. Therefore, 

the objective of this study was to assess Knowledge, Attitudes 

and Practices of farmers that relate to antimicrobial use in 

different dairy production systems representing increasing 

intensification levels (free-, semi-zero and zero-grazing) 

among smallholder farmers in the peri-urban areas of Nakuru 

city in Kenya. 

2. Materials and  Method 

2.1. Study Area 

The study was conducted in peri-urban areas of Nakuru city, 

specifically smallholder farms in Njoro, Lare, Lanet and 

Kabatini Wards. The area is located within Longitudes 

35.41°East or 35°24’ 36” East and 36.6°East or 36°36’ 0” East 

and Latitude 0.23 °North or 0°13’ 48” North and 1.16°South 

or 1° 9`36” South (Figure 1). in the four Wards selected for 

the study, dairy production is predominantly mixed crop-dairy 

farming, with strong historical linkage to White Settler 

farming heritage [11]. Dairy production is a major productive 

economic activity, with developed supportive infrastructure. 

The supportive infrastructure includes education, training and 

research institutions and facilities, milk processing, feed 

manufacture and veterinary investigation laboratories. These 

institutions are under public, farmer or private operation 

ownership [12]. 

2.2. Data Collection 

A structured questionnaire was developed in Kobo tool kit 

with four sections (Appendix C). The first section captured 

demographical information, the second section captured 

farmers’ knowledge, the third section captured farmers’ atti-

tudes, while the last section captured practices by farmers on 

antimicrobial use, antimicrobial drugs and antimicrobial re-

sistance. The interest on farmers’ knowledge was to establish 

the purpose of using antimicrobials, whether antimicrobials 

are used for mastitis treatment and the recommended with-

drawal periods are observed, and how farmers source infor-

mation on antimicrobial residues and antimicrobial resistance. 

The interest on farmers’ attitudes was assessed with nine 

questions for the degree of agreement or disagreement to 

reveal positive and negative attitudes that farmers have about 

antimicrobial use on animals and humans. The interest on 

practices that farmers deploy in using antimicrobials was to 

give insight into how farmers responsibly and prudently used 

the antimicrobials. 

The questionnaire was pretested among 10 dairy farmers 

outside the four wards targeted for the study. Pre-testing was 

done to enhance the clarity and accuracy of the questions so 

that the intended information could be obtained. The adjusted 
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questionnaire was administered to a random sample of 124 

farmers who provided information on their KAPs regarding 

antimicrobial use, antimicrobial drugs and antimicrobial re-

sistance. 

 
Source: Self 

Figure 1. Map of the study area. 

2.3. Data Analysis 

Data in the Kobo tool kit was exported to Excel version 

2016 for cleaning then processed for further descriptive and 

inferential statistics using SAS version 9.3 software. The 

descriptive and inferential statistics were generated by ap-

plying cross tabulation and Chi square test statistics for asso-

ciation between KAPs and dairy intensification level. Rejec-

tion of the null hypothesis of independence between KAPs 

and dairy intensification levels was set to p< 0.05. In analys-

ing the sampling distribution, Pearson’s Chi square was used 

when the expected frequencies in each cell were greater than 

five, otherwise Fisher’s exact test probability was used when 

the expected frequencies were less than five [13]. 

3. Results 

3.1. Demographic Characteristics of Sample 

Farmers 

The demographic characteristics of the sample farmers 

(n=124) is presented in Table 1. The demographic statistics 

reveal that more than 70 percent of the sample farmers came 

from two neighbouring wards (Njoro and Lare). Among the 

farmers, male (56.5 percent; 70/124) dominated over female 

(43.5 percent; 54/124), and seven in ten (70.2 percent) had 

attained at least secondary level education. Observed fre-

quencies show that six in ten (58.8 percent) of the farmers had 

intensified dairy production management by adopting 

semi-zero-grazing or complete zero-grazing dairy manage-

ment. Though being in peri-urban area of the city is expected 

to present proximity advantage to formal milk market chan-

nels to these farmers, it is found that at least six in ten (63.7 

percent) were marketing milk through informal market out-

lets. 

Table 1. Demographic statistics of the sampled farmers. 

Categories Frequency Percent (%) 

Wards   

Njoro 50 40.3 

Lare 40 32.3 

Lanet 17 13.7 

Kabatini 17 13.7 

Sex   

Male 70 56.5 
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Categories Frequency Percent (%) 

Female 54 43.5 

Education Level   

Adult Education 4 3.2 

Primary 33 26.6 

Secondary 59 47.6 

Post-secondary 28 22.6 

Production System   

Free Grazing 51 41.1 

Semi Grazing 33 26.6 

Zero Grazing 40 32.2 

Milk market outlets   

Informal only 79 63.7 

Both formal and informal 36 29.0 

Formal only 9 7.3 

3.2. Farmers’ Knowledge About Antimicrobial 

Use 

The summary statistics of farmers’ knowledge about anti-

microbial use is presented in Table 2. Use of milk before end 

of withdrawal period was associated with dairy intensification 

levels (p<0.05) as those selling milk decreased while those 

feeding milk to calves increased with increasing intensifica-

tion levels. Before withdrawal period ended, farmers indi-

cating that they were selling the milk decreased (15.7, 12.1, 

0.0 percent) while those feeding milk to calves increased (9.8, 

21.2 and 25.0 percent) from free, semi-zero- to zero-grazing, 

respectively. In overall, compliance with the recommended 

withdrawal period was high, with at least seven in ten farmers 

not selling such milk during the withdrawal period while less 

than four in ten consumed such milk at home. 

Regardless of dairy intensification levels, up to four in ten 

(21.1 to 37.3 percent) farmers did not use antimicrobials. 

Though reasons for using antimicrobials were independent of 

(p>0.05) of dairy intensification levels, use of antimicrobials 

for treatment (33.3 to 40.0 percent) and for treating mastitis 

(19.6 to 40.0 percent) had a pattern of increasing with in-

creasing intensification levels from free to zero-grazing. 

When frequently using antimicrobials, the reason was treat-

ment (30 to 40 percent) or production (22 to 42 percent) and 

not prevention of disease (4 to 6 percent). Among the sample 

farmers, sourcing of information about antimicrobial use was 

independent (p>0.05) of their dairy intensification levels. 

However, those sourcing information from the extension and 

veterinary officers had a pattern of decreasing with increasing 

intensification levels from free- and semi-zero grazing (66.7 

-68.6 percent) to zero-grazing (47.5 percent). 

Table 2. Association between farmers’ antimicrobial use knowledge and dairy intensification levels. 

Question 
Free grazing 

(n=51) 

Semi grazing 

(n=33) 

Zero grazing 

(n=40) 
Chi-square test 

Purpose of using antimicrobial (Percent)    

p=0.5110* 

Do not use 37.3 21.2 32.5 

Treatment 33.3 30.3 40.0 

Prevention 3.9 6.1 5.0 

Production 25.5 42.4 22.5 

Using antimicrobials for mastitis treatment (Percent)    

p=0.1939 
Do not use 43.1 39.4 25.0 

Use sometimes 37.3 27.3 35.0 

Use frequently 19.6 33.3 40.0 

Using milk from antimicrobial treated cows before end 

of withdrawal period (percent) 
   

p= 0.0405* 

Home consumption 3.9 0.0 2.5 

do not sale out 70.6 66.7 72.5 

Sell out 15.7 12.1 0.0 

Give to calves 9.8 21.2 25.0 
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Question 
Free grazing 

(n=51) 

Semi grazing 

(n=33) 

Zero grazing 

(n=40) 
Chi-square test 

Sourcing information on antimicrobial residues in food 

and antimicrobial resistance (Percent) 
   

p= 0.0655* 

No 21.6 30.3 25.0 

Extension/ veterinary officers 68.6 66.7 47.5 

Fellow farmers, relatives 2.0 0.0 5 

Field days 0.0 3.0 7.5 

Media (radio, newspapers, TV) 7.8 0.0 15 

*p value from Fisher’s exact test 

3.3. Farmers’ Attitudes Towards Antimicrobial 

Use in Dairy Farming 

The study identified the specific recommendations for anti-

microbial use in animals and humans that farmers have positive 

and negative attitudes towards. Agreement with statement on a 

specific recommendation for antimicrobial use indicated posi-

tive attitude. The observed frequency statistics for which the 

association with dairy intensification levels was significant 

(p<0.05) are presented in Table 3. Overall, farmers with posi-

tive attitude towards AMU recommendations increased with 

increasing dairy intensification levels. Farmers with the attitude 

that milk from antimicrobial treated cows is unsafe to human 

health increased from those practicing free-grazing (56.9 per-

cent) through semi-zero-grazing (78.8 percent) to zero-grazing 

(82.5 percent). Also, farmers with the positive attitude that 

antimicrobial resistant pathogens and residue from milk can be 

passed to humans through the food chain increased from those 

practicing free-grazing (60.8 percent) through 

semi-zero-grazing (69.7 percent) to zero-grazing (70.0 percent). 

Further, it was found that more of farmers practicing ze-

ro-grazing (70.0 percent) than those practicing free-grazing 

(62.8 percent) had the attitude that mastitis can be treated 

without antimicrobial drugs. Similarly, more of farmers prac-

ticing zero-grazing (70.0 percent) than those practicing 

free-grazing (66.7 percent) had the attitude that antimicrobial 

residues can end up accumulating in the soils. 

Table 3. Significant associations between farmers’ attitudes towards antimicrobial use and dairy intensification levels. 

Production systems 

Degree of agreement or disagreement (Percent) 

Chi-square test 

Agree Neutral Disagree 

Mastitis can be treated without using antimicrobial drugs 

P=0.0010 
Free (n=51) 62.8 23.5 13.7 

Semi (n=33) 24.2 39.4 36.4 

Zero (n=40) 70.0 12.5 17.5 

Milk from antimicrobial treated cows is harmful to human health 

P=0.0283* 
Free (n=51) 56.9 35.3 7.8 

Semi (n=33) 78.8 21.2 0.0 

Zero (n=40) 82.5 17.5 0.0 

Antimicrobial residues can end up accumulating in the soils 

P=0.0004 
Free (n=51) 66.7 25.5 7.8 

Semi (n=33) 51.5 12.1 36.4 

Zero (n=40) 70.0 36.4 2.5 

Antimicrobial resistant pathogens and residue from milk can be passed to humans through the food chain P=0.0089* 
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Production systems 

Degree of agreement or disagreement (Percent) 

Chi-square test 

Agree Neutral Disagree 

Free (n=51) 60.8 37.3 2.0 

Semi (n=33) 69.7 12.1 18.2 

Zero (n=40) 70.0 27.5 2.5 

*p value from Fisher’s exact test 

The observed frequency statistics for farmer attitudes to-

wards antimicrobial use recommendations which showed no 

association with dairy intensification levels (p>0.05) are 

presented in Table 4. Farmer attitudes that were independent 

of their dairy intensification levels were whether any antimi-

crobial drug can be used to treat a lactating cow, withdrawal 

period should be observed to avoid antimicrobial drug resi-

dues in milk, relationship exists between antimicrobial use 

and antimicrobial resistance, and whether antimicrobial drug 

residues and drug resistance occurs when AMU is not pru-

dent. Though independent of the dairy intensification levels, 

farmers with the positive attitude that sale and distribution of 

antimicrobial drugs be restricted to licensed persons had a 

pattern of increasing with increasing intensification levels. 

The proportion of farmers increased from free-grazing (58.8 

percent) through semi-zero-grazing (63.6 percent) to ze-

ro-grazing (67.5 percent). 

Table 4. Insignificant associations between farmers’ attitudes towards antimicrobial use and dairy intensification levels. 

Production systems 

Degree of agreement or disagreement (Percent) 

Chi-square test 

Agree Neutral Disagree 

Any antimicrobial drug can be used to treat a lactating cow 

P=0.3076* 
Free (n=51) 70.6 25.5 3.9 

Semi (n=33) 54.6 30.3 15.2 

Zero (n=40) 72.5 20.0 7.5 

Withdrawal periods should be observed to avoid antimicrobial drug residues in milk 

P=0.8945* 
Free (n=51) 70.6 21.6 7.8 

Semi (n=33) 69.7 21.1 9.1 

Zero (n=40) 62.5 30.0 7.5 

Relationship exists between antimicrobial use and antimicrobial resistance 

P=0.0524 
Free (n=51) 66.7 27.5 5.9 

Semi (n=33) 39.4 45.6 15.2 

Zero (n=40) 67.5 30.0 2.5 

Sale and distribution of antimicrobial drugs be restricted to licensed persons 

P=0.6918* 
Free (n=51) 58.8 33.3 7.8 

Semi (n=33) 63.6 27.3 9.1 

Zero (n=40) 67.5 20.0 12.5 

Antimicrobial drug residues and drug resistance occurs when not prudently used 

P=0.7747* Free (n=51) 72.6 19.6 7.8 

Semi (n=33) 60.6 24.2 15.2 
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Production systems 

Degree of agreement or disagreement (Percent) 

Chi-square test 

Agree Neutral Disagree 

Zero (n=40) 65.0 22.5 12.5 

*p value from Fisher’s exact test 

3.4. Farmers’ Practices in Administration and 

Prescription of Antimicrobial Drugs 

The results in Table 5 presents the observed association 

between farmers’ practices (in the administration and pre-

scription of antimicrobial drugs) and dairy intensification 

levels. Regardless of their dairy intensification levels, at least 

seven in ten farmers had professional prescription by veteri-

narians or pharmacy, observed withdrawal period and had 

been trained in antimicrobial use including residual effects 

and development of antimicrobial resistance. Farmers who 

self-prescribed and administered antimicrobial drugs declined 

(p<0.05) with increasing intensification of dairy management 

from free- to zero-grazing. Farmers who had most intensified 

their dairy management (zero-grazing) were the majority with 

some training on prudent antimicrobial use (87.5 percent) and 

in observing the withdrawal period (97.5 percent). There were 

several of farmers’ practices in administration and prescrip-

tion of antimicrobial drugs that were independent (p>0.05) of 

the dairy intensification levels. These included where farmers 

were buying the antimicrobial drugs, how often they called a 

veterinarian whenever an animal was sick, and common dis-

ease condition(s) of lactating cows for which they adminis-

tered antimicrobial drugs. Other practices were administering 

a follow up dose, stopping treatment when an animal recovers, 

checking for the expiry date before use, and using human 

drugs on animals. Though was independent of dairy intensi-

fication levels, use of human drugs on animals was prevalent 

(over 60.0 percent). 

Table 5. Association between farmers’ practices (in the administration and prescription of antimicrobial drugs) and dairy intensification levels. 

Question 
Free grazing 

(n=51) 

Semi graz-

ing (n=33) 

Zero grazing 

(n=40) 
Chi-square test 

From where do you usually buy the antimicrobial drugs? 

(Percent) 
   

P= 0.1230* Extension/veterinary officer 80.4 81.8 85.0 

Pharmacy 5.9 18.1 12.5 

Fellow farmers 13.7 0.0 2.5 

Who often prescribes antimicrobial drugs for you? (Percent)    

P= 0.0124* 
Extension/veterinary officer 63.6 97.0 85.0 

Pharmacy 5.8 0.0 5.0 

Self 25.5 3.0 10.0 

Who administers antimicrobial drugs to your animals? 

(Percent) 
   

P = 0.0040* Extension/veterinary officer 66.7 97.0 67.5 

Fellow farmers 11.8 0.0 5.0 

Self 21.6 3.0 27.5 

How often do you call a veterinarian whenever an animal is 

sick? (Percent) 
   

P= 0.0524* Frequently 27.5 42.4 45.0 

Sometimes 51.0 48.5 52.5 

Do not 21.6 9.1 2.5 
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Question 
Free grazing 

(n=51) 

Semi graz-

ing (n=33) 

Zero grazing 

(n=40) 
Chi-square test 

What is the common disease condition(s) of lactating cows 

for which you administer antimicrobial drugs? (Percent) 
   

P= 0.4051* 

Mastitis 11.8 24.2 35.0 

Respiratory diseases 17.7 12.1 10.0 

Diarrhoea 27.5 21.2 20.0 

Udder injuries 7.8 12.1 10.0 

Others 35.3 30.3 25.0 

Do you observe the withdrawal period after treating the 

animals with antimicrobials (Percent) 
   

P= 0.0316* 
Yes 86.3 78.8 97.5 

No 13.7 21.2 2.5 

Do you give subsequent doses after the administration of the 

first dose of the treatment. (Percent) 
   

P= 0.4861 
Yes 72.6 72.7 82.5 

No 27.5 27.3 17.5 

Do you stop giving treatment when an animal recovers? 

(Percent) 
   

P= 0.5867 
Yes 72.6 66.7 77.5 

No 27.5 33.3 22.5 

Have you had training on antimicrobial usage, AMR, and 

residue. (Percent) 
   

p= 0.0221 
Yes 68.6 60.6 87.5 

No 31.4 39.4 12.5 

Do you check for the expiry date before AMU (Percent)    

P= 0.0737 Yes 82.4 66.7 87.5 

No 17.7 33.3 12.5 

Do you use human drugs on animals. (Percent)    

P= 0.5034 Yes 66.7 54.6 65.0 

No 33.3 45.5 35.0 

*p value from Fisher’s exact test 

4. Discussion 

The distribution of farmers with free-, semi-zero and ze-

ro-grazing dairy management observed in this study support 

that intensification of dairy management is increasing in the 

peri-urban areas of Nakuru city. Though more than half of the 

sample farmers (58.8 percent) had intensified their dairy 

management, a larger majority marketed milk in the informal 

market outlets. Because follow up is difficult, participation in 

the informal milk market outlets present a weak link in im-

plementing antimicrobial stewardship programs, boosting 

stakeholder engagement and awareness, enhancing research 

and surveillance, encouraging good practices, and strength-

ening governance and sustainable resource allocation [5]. 

Among the sample farmers in this study, seven in ten had 

attained at least secondary education. A higher level of edu-

cation among dairy farmers and farm workers can play a 

significant role in promoting AMU stewardship practices. 

Better-educated individuals are more likely to understand the 

importance of prudent antimicrobial use, follow recom-

mended guidelines, implement biosecurity measures, and 
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adopt best management practices. Education can also enhance 

their ability to interpret diagnostic test results, maintain ac-

curate treatment records, and make informed decisions about 

antimicrobial therapy. Consequently, increased education 

levels can encourage more responsible and sustainable AMU 

stewardship actions as dairy farming intensifies. This would 

be supportive to antimicrobial stewardships program as 

training of farmers can then enhance disease detection accu-

racy. However, achieving lasting progress will necessitate a 

comprehensive approach [14]. 

Regardless of the level of dairy intensification management, 

the study revealed that at least seven out of ten farmers were 

utilizing antimicrobial drugs, with up to eight out of ten em-

ploying these drugs specifically for the treatment of mastitis. 

This finding is not surprising, as mastitis is a highly prevalent 

infection in intensified smallholder dairy management [15]. 

The observed therapeutic use of antimicrobials is consistent 

with the observations of many researchers. Gemeda et al. 

(2020), Farrell et al. (2021), Geta & Kibret (2021), and Has-

san (2022) have all reported that antimicrobials are predom-

inantly used for therapeutic purposes in livestock production 

systems. However, other researchers have reported con-

trasting observations, suggesting that the primary use of an-

timicrobials is for disease prevention rather than treatment. 

[1-4, 6-16]. Nyokabi et al. (2021), Omwenga et al. (2021), 

Mogotu et al. (2022), and Kisoo et al. (2023) are among the 

researchers who have highlighted the preventive use of anti-

microbials as a common practice in various livestock pro-

duction management [17-20]. The contrasting findings may 

be attributed to regional differences, variations in production 

systems, or the specific contexts in which the studies were 

conducted. It is crucial to investigate the underlying factors 

contributing to the contrasting observations and tailor inter-

ventions accordingly to promote judicious antimicrobial use 

practices. The high prevalence of mastitis and the associated 

therapeutic use of antimicrobials observed in the present study 

underscore the need for effective disease management strate-

gies and alternative approaches to minimize the reliance on 

antimicrobial treatments. Improved hygiene practices, vac-

cination programs, and the adoption of preventive measures 

could contribute to reducing the incidence of mastitis and, 

consequently, the need for antimicrobial therapy. Ongoing 

research, education, and collaboration among stakeholders, 

including farmers, veterinarians, and policymakers, are es-

sential to address the challenges of antimicrobial resistance 

and promote sustainable livestock production practices. 

The present study revealed a high level of compliance with 

the withdrawal period among farmers, which refers to the 

mandated time after administering antimicrobials to dairy 

animals before their milk can be introduced into the food 

chain. Notably, this compliance increased significantly 

(p<0.05) as the level of dairy intensification increased. Spe-

cifically, during the antimicrobial withdrawal period, at least 

seven out of ten farmers refrained from selling the milk, fewer 

than four out of ten consumed the milk at home, and fewer 

than three out of ten fed the milk to calves. These findings 

align with the recommendations of Uyama et al. (2022), who 

emphasized the importance of adhering to withdrawal periods 

to prevent antimicrobial residues from entering the food sup-

ply chain and safeguard public health [21]. Their study high-

lighted the potential risks associated with the consumption of 

milk containing antimicrobials residues, including the de-

velopment of antimicrobial resistance and adverse health 

effects. Similarly, Mogotu et al. (2022) reported a positive 

correlation between farmer knowledge of withdrawal periods 

and compliance with these guidelines in their study conducted 

in Kenya [19]. They stressed the need for continuous educa-

tion and awareness campaigns to promote responsible anti-

microbial stewardship practices among dairy farmers. The 

observed trend of increased compliance with withdrawal 

periods as dairy operations intensified could be attributed to 

factors such as improved access to veterinary services, better 

record-keeping, and enhanced awareness of food safety and 

public health concerns, as suggested by Kashongwe et al. 

(2020) in their study of antimicrobial use practices in inten-

sive dairy farming systems [22]. 

However, it is of concern that a significant proportion of 

farmers still engaged in practices such as consuming or feeding 

milk to calves during the withdrawal period. These practices 

can contribute to the spread of antimicrobial resistance and 

pose potential health risks, as highlighted by [19, 20]. Contin-

ued efforts are needed to address these practices through tar-

geted education and extension programs, as recommended by 

organizations such as the World Health Organization (WHO) 

and the Food and Agriculture Organization of the United Na-

tions (FAO). These initiatives should emphasize the importance 

of strict adherence to withdrawal periods and promote alterna-

tive management strategies to minimize the need for antimi-

crobial treatment, ensuring food safety and public health 

throughout the dairy value chain [5-23]. 

Though was found to be independent of the level of dairy 

intensification (p>0.05), the use of antimicrobials for treating 

mastitis showed an increasing pattern, while the practice of 

sourcing information on antimicrobial use from extension and 

veterinary officers decreased as dairy operations became more 

intensive. The observed trend in the present study raises con-

cerns about the potential for increased antimicrobial use and the 

risk of antimicrobial resistance as dairy operations intensify, 

especially if farmers rely less on professional advice and 

guidance from veterinary and extension services. It is crucial to 

address this issue by strengthening the collaboration between 

farmers, veterinarians, and extension services, in line with the 

recommendations of the World Organisation for Animal Health 

(OIE) and the Food and Agriculture Organization of the United 

Nations (FAO) in their guidelines for prudent and responsible 

use of antimicrobials in agriculture [5-24]. Ongoing education 

and awareness campaigns, coupled with accessible and af-

fordable veterinary services, can play a vital role in promoting 

sustainable antimicrobial use practices, even as dairy produc-

tion systems get more and more intensive.  
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The present finding just observed contrasts with previous 

research that has emphasized the importance of veterinary 

guidance and extension services in promoting judicious an-

timicrobial use, particularly in intensive livestock production 

systems. For instance, Redding et al. (2014) highlighted the 

positive impact of veterinary-client relationships and educa-

tion programs on reducing unnecessary antimicrobial use 

among dairy farmers in the United States [25]. Similarly, a 

study by Higham et al. (2020) found that farmers who re-

ceived training and support from extension services were 

more likely to adopt best practices for responsible antimicro-

bial stewardship, such as improved record-keeping and ad-

herence to treatment protocols [26]. 

The present study found that farmers who received training 

on prudent antimicrobial use and held positive attitudes re-

garding the risks associated with antimicrobial overuse were 

more likely to adopt responsible practices as dairy production 

intensified. Specifically, those who believed that milk from 

antimicrobial-treated cows is unsafe for consumption, that 

antimicrobial-resistant pathogens and drug residues can trans-

mit from milk to humans, that mastitis can be managed without 

antibiotics, and that antimicrobial residues accumulate in soil 

demonstrated a tendency to increased (p>0.05) toward judi-

cious use as their dairy operations became more intensive. 

These findings align with previous research highlighting the 

importance of farmer education and awareness. Higham et al. 

(2020) emphasized that understanding antimicrobial resistance 

risks and residue entry into the food chain positively shapes 

attitudes toward antimicrobial stewardship [26]. Similarly, 

Redding et al. (2014) found U.S. dairy farmers receiving pru-

dent use training were more likely to implement best practices 

like selective dry cow therapy to reduce unnecessary antimi-

crobial administration [25]. Moreover, Saini et al. (2012) ob-

served farmers recognizing antimicrobial residue risks in milk 

and the environment were more receptive to alternatives such 

as improved hygiene and preventive measures to minimize 

treatment needs. These findings underscore the pivotal role of 

education in promoting responsible antimicrobial stewardship, 

especially as dairy production intensifies [27]. 

In the present study, it was observed that the majority of 

farmers obtained antimicrobial drugs through veterinarians, 

who not only prescribed but also administered the drugs 

themselves. This practice is considered beneficial and should 

be encouraged, promoted, and strengthened to mitigate con-

cerns related to antimicrobial resistance (AMR) and contrib-

ute to the sustainable use of antimicrobials [2]. This approach 

aligns with the Global Action Plan on AMR, which outlines 

strategies for combating the emergence and spread of AMR. 

The implementation of such strategies can check the threats 

posed by the emergence and spread of AMR to multiple Sus-

tainable Development Goals, including those related to health, 

food security, environmental well-being, and socioeconomic 

goals [5-29]. 

However, our findings deviate from those reported by 

Gemeda et al. (2020) in their study conducted in Ethiopia. The 

researchers observed that antimicrobial drugs were primarily 

accessed from private suppliers in the context of their study 

[1]. It is important to note that their study sample came from 

pastoral production system, which differs from the small-

holder peri-urban dairy systems examined in the present re-

search. The contrasting findings could be attributed to the 

differences in accessibility to veterinary services, which is 

often limited in pastoralist production settings. In the present 

study, a predominant reliance on veterinarians and extension 

worker for antimicrobial drug procurement was observed. 

This is expected since smallholder peri-urban dairy can more 

easily access veterinary services and guidance, unlike pastoral 

cattle systems where veterinary services would be less 

available. Under such pastoral conditions, public and NGO 

led veterinary service delivery would be expected to prevail 

and could influence the sources from which antimicrobial 

drugs are obtained. 

The observed practice of farmers obtaining antimicrobial 

drugs through veterinarians, who also prescribed and adminis-

tered the drugs, can be attributed to the education and guidance 

received from veterinary extension officers on prudent antimi-

crobial use and the relationship between antimicrobial use 

(AMU) and antimicrobial resistance (AMR). This educational 

intervention by veterinary officials likely played a crucial role 

in shaping the responsible antimicrobial procurement and ad-

ministration practices among the farmers in this study. However, 

this finding stands in contrast to a study conducted in Ethiopia 

by Geta & Kibret (2021), where farmers reportedly adminis-

tered antimicrobial drugs to sick animals on their own before 

seeking veterinary assistance [6]. Furthermore, the same au-

thors stated that farmers claimed they would continue to use 

antibiotics on animals even if they were aware of the potential 

negative impact on public health [6]. This unfortunate practice 

can be attributed to inadequate delivery of veterinary services 

together with lack of education on prudent use of antimicrobials 

and the relationship between AMU and AMR by the veterinary 

officials from the private sector. 

These results of this study show that farmers knowledgea-

ble and with positive attitudes and good practices on AMU 

and AMR increased with increasing intensification of dairy 

management. The implication is that intensification of dairy 

management motivates farmers to gain more knowledge, have 

positive attitudes and good practices towards prudent use of 

antimicrobials in livestock. These needs strengthening with 

targeted training and sensitization to promote prudent and 

responsible antimicrobial use. 

5. Conclusion 

The results of this study show that farmers knowledgeable 

and with positive attitudes and good practices on AMU and 

AMR increased with increasing intensification of dairy 

management. The implication is that intensification of dairy 

management motivates farmers to gain more knowledge and 

have positive attitudes and good practices towards prudent use 
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of antimicrobials in livestock. These needs strengthening of 

stewardship with targeted training and sensitization to pro-

mote prudent and responsible antimicrobial use. 
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