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PREFACE 

The annual scientific symposium is the main mechanism through which the APSK objectives are met, that 

is, providing a forum for stakeholders ï professionals and practitioners - to get together and share views on 

issues germane to livestock production. Therefore, every one of these annual meetings focuses on a major 

contemporary issue or sets of issues which require attention. 

Agriculture in Kenya generally, and livestock production specifically, is at crossroads. There is persistent 

food shortages arising from rapidly increasing human population, amidst inability to significantly increase 

productivity. This is being compounded by a host of other trends: urbanization, policy environment and 

associated impacts particularly on small producers with limited abilities to compete in input and output 

markets. Aging farming community, climate change and its complex relationships with livestock production 

systems, and low investments in agriculture are other emerging trends for consideration. 

It is determined that demand for livestock products in Kenya will increase several folds by 2050. The trend 

of increased demand is currently not matched by increase in productivity. Yet, this growing demand for 

livestock products presents an opportunity for Kenya: in the form of contribution towards economic growth, 

as well as to the resilience and productivity of producersô livelihoods, and to the food security. This is well 

articulated in the government development blue print ï generally -  prioritized and summarized as THE 

BIG FOUR. 

However, unmanaged increases in livestock production could also results in increased pressure on natural 

resources (particularly water and land), increased levels of greenhouse gas emissions, and the potential for 

more people to contract zoonotic diseases. It is also recognized that smallholders in mixed crop-livestock 

farming systems will continue to be the main producers of ruminant (cattle, goat and sheep) products until 

2050. For monogastrics (such as chickens and pigs), most of the expansion will be through intensive 

production systems. While the smallholder will remain critical in dairying and chicken sub-sectors in Kenya, 

livestock development strategies and plans are currently not being intentional and deliberate in addressing 

some of the key challenges facing value chains in which smallholders operate. Key issues here are access to 

inputs ï including land, financing, appropriate genetics, feeds, and animal health services- as well as 

markets. 

The APSK 2018 scientific symposium provided opportunity for rational discussions on these livestock 

trends and sought ways of addressing the associated challenges while harnessing existing opportunities and 

innovations under the overarching theme ñSustainable Livestock Innovation and Technology: Roadmap to 

Improved Food and Nutrition Securityò. 

We would like to express our gratitude and special thanks to the sponsors of the conference. We thank 

presenters and authors of papers, our colleagues on the symposium organizing committee, institutions and 

individuals who assisted in one way or the other, and the esteemed conference participants. The venue, 

setting and the overall conference atmosphere provided opportunity for networking by participants from 

across the country. 

After the symposium, presenters were asked to submit or revise their papers, taking into account the issues 

raised during the symposium discussions. The papers were then subjected to light technical reviews and 

language editing, therefore, ensuring that intellectual content remains that of the authors. APSK does not 

necessarily share the views expressed in this proceeding; responsibility for its content rests entirely with the 

authors. 

It is our hope that the APSK 2018 scientific symposium proceedings will provide useful reference material 

for those interested in understanding the major trends and associated issues covered during this conference. 
 

Samuel M. Mbuku, PhD 

Chairman, Animal Production Society of Kenya 
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SPEECH BY THE CABINET SECRETARY AND CHIEF GUEST DURING THE 

OFFICIAL OPENING  

Distinguished guests, 

Ladies and gentlemen, 

It gives me great pleasure to be with you here today to inaugurate this special occasion of the annual Animal 

Production Society of Kenya Scientific symposium and Exhibition. It does provide a unique occasion for 

the Animal Production Professionals, development partners, input suppliers, farmers and students to 

exchange technologies and innovations. 

Ladies and Gentlemen, 

The overall goal of the government of Kenya is to eradicate poverty, illiteracy and diseases. At the global 

level, Kenya subscribes to the 17 Sustainable Development Goals (SDGs); which came into effect in 2015. 

Out of the 17 SDGs five are of relevance to the growth of the Agriculture sector namely; SDGs 1: End 

poverty in all its forms everywhere, SDGs 2: End hunger, achieve food security and improved nutrition and 

promote sustainable agriculture, SDG 5: Achieve gender equality and empower all women and girls, SDG 

8: Promote sustained, inclusive and sustainable economic growth, full and productive employment and 

decent work for all; and SDG 10: Reduce inequality within and among Countries. 

Ladies and Gentlemen, 

At the Continental level, Kenya subscribes to all the tenets of the African Union (AU) and its organs. 

Relevant to the agriculture sector and the livestock sub-sector, is the Comprehensive African Agriculture 

Development Programme (CAADP) under NEPAD and the renewal of the CAADP commitments in 2014 

through the Malabo declaration in which the African heads of state resolved to; 

¶ Commitment to enhance investment finance in agriculture at 10% of public spending targets 

¶ Commitment to ending hunger by 2025 

¶ Commitment to halving poverty by 2025, through inclusive agricultural growth and transformation 

¶ Commitment to boosting intra-African trade in agricultural commodities and services And 

¶ Commitment to mutual accountability to actions and results. 

Ladies and Gentlemen, 

The livestock industry is a key driver of Kenyaôs economy. It is crucial in enabling Kenya attain the ultimate 

goal of becoming a óMiddleïincomeô Country by the year 2030. Moreover, the sector employs close to 

50% of Kenyaôs Agricultural labour force and is a primary source of livelihoods for over 6 million 

Pastoralists and Agro-pastoralists in the Arid and Semi-arid Lands (ASALs).  

Furthermore, the sector accounts for about 10% of the entire GDP and 42% of the agricultural GDP. It also 

supplies the domestic requirements for meat, milk and dairy products, and other livestock products and 

accounts for 30% of the total marketed agricultural products. The sector earns the Country substantial 

foreign exchange through export of live animals, hides and skins, dairy products and some processed pork 

products. 
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Ladies and gentlemen, 

At the national level, the Kenya Vision 2030 remains the economic blue print to guide the countryôs 

development agenda in the coming years. The aim of Vision 2030, is to create óô a globally competitive and 

prosperous Country with a high quality of lifeôô. In the Vision agriculture and livestock sectors are envisaged 

to be innovative, commercially-oriented and modern. 

Ladies and Gentlemen, 

Vision 2030 is implemented through five year Medium Term Plans (MTPs) and since inception two MTPs 

have lapsed and presently MTP III which runs from 2018 to 2022. During MTP III agriculture is expected 

to grow at a rate of 7% through implementation of several measures that include increasing production and 

productivity, disease and pest control, crop and livestock insurance, post-harvest management, market 

development, natural resource management, increased investment in the sector, strengthening institutions, 

policies and systems, increasing youth and women participation in modern agriculture, and implementation 

of regional and international protocols and commitments. 

Ladies and Gentlemen, 

The Agriculture Sector Development Strategy (ASDS) of 2010 to 2020 was formulated to guide the 

contribution of the agriculture sector to the vision 2030 is also undergoing review due to changes in the 

operational environment. The new strategy- Agriculture Sector Transformation and Growth Strategy 

(ASTGS) focuses on Agricultural Transformation from small scale subsistence production to a sustainable, 

equitable and remunerative agricultural sector. 

Ladies and Gentlemen, 

ASTGS has prioritized five policy and investment goals for the national and county levels namely: 

¶ Food, feed and nutrition security, 

¶ Manufacturing and agro-processing, 

¶ Eradication of extreme poverty, 

¶ Increasing productivity and competitiveness, and  

¶ Wealth and job creation. 

Ladies and Gentlemen, 

The Government has spelt out the ñBig Fourò priority areas/sectors in which to focus for the next five years 

2018-2022; namely; 

i) Food and nutrition security,  

ii)  Manufacturing and agro-processing 

iii)  Universal health care and 

iv) Affordable housing 

The livestock sector and Animal production professionals have a big role to play in actualizing priority areas 

numbers  i), ii) and iii). 
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Ladies and gentlemen, 

I understand that Animal production Society of Kenya (APSK) draws its membership from Ministries, 

Departments and Agencies, Research Institutions, Universities and the private sector.  To date, the Society 

has an active membership of 300 which is projected to double by 2022. 

Moreover, the purposes and objectives of the Society which include provision of a common forum for 

exchange of ideas; dissemination and adoption of technologies; support to members in self development; 

strengthening of regional and global linkages; contribution to the development of animal production related 

policies, and provision of professional advice on the development of the livestock industry; will contribute 

greatly towards the realization of the óôBig Fourôô development agenda. 

Ladies and gentlemen, 

The theme of the 2018 Animal Production Scientific Symposium and Exhibition ñSustainable Livestock 

Innovations and Technology: roadmap to improved food and nutrition securityôôis apt.  

In line with the theme of the Symposium, there will be presentations of research findings, topical panel 

discussions and stakeholdersô exhibitions. The theme will further give impetus to the realization of the 

Vision 2030, SDGs, and the óôBig Fourôô. 

Ladies and gentlemen, 

Following the enactment of the APSK Act 2017, there is a new momentum to revitalize the society and give 

it more visibility and voice in the sector.  

I am informed that the 2018 ï 2022 APSK Strategic Plan maps out the way forward for the society in the 

next five years and is a commitment by members to transform the society into a model professional body. 

In addition, the enactment of the Animal Production Professionalsô Bill 2018 will further entrench the 

society and boost its capacity to execute its mandate.   

Ladies and gentlemen, 

As you are aware, the Cabinet Secretary responsible for Livestock Development is the Patron of APSK. I 

want to assure APSK leadership and its members that the Ministry will continue to support you. 

Ladies and gentlemen, 

It is now my pleasure to declare the 2018 APSK Scientific Symposium and Exhibition officially open. 

Thank you and God bless you.  
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APSK Symposium 2018 held at sportsmanôs Arms Hotel, Nanyuki. 

Speech 

Dr. Hon Mutunga Member of Parliament,Tigania West 

Hon Mutunga attended the APSK symposium which was held at sportsmanôs arms hotel, in Nanyuki from 

4th  to 6th April 2018.  He managed to attend the symposium for one day namely 4th April 2018.  

He started by thanking the APSK secretariat for organizing the forum which was attended by  many 

stakeholders which included farmers, government officers,  international, regional, local organizations, 

private investors,  Universities and research Institutions.  He thanked various organizations which had 

supported the symposium.   

 Hon Mutunga worked as livestock officer in the former Ministry of Agriculture and Livestock in various 

capacities since 1988 to the year 2001.   From 2001 he left the ministry and he got a job in KENFAP   where 

he worked for more than 15 years   when he   engaged in private sector   and in 2017 he joined politics and 

he was elected as the MP of Tigania West in Meru.  

In his speech he stated that since he worked in the Ministry of livestock in various capacities this qualified 

him to be a dormant member of APSK.  He talked about the big four priority areas of the Nation of Kenya. 

The big four agenda entails boosting manufacturing, universal health coverage, food and nutrition security, 

and supporting the construction of at least 500,000 affordable houses by 2022.  These agendas of Kenya are 

projected to boost economic growth to at least seven per cent per year and they are supposed to guide the 

development agenda of the country in the period 2018-2022.  These four areas are expected to bolster strong 

inclusive economic growth. Hon Mutunga indicated that Agriculture is key in the fulfilment of the big four 

development agendas of Kenya. He said livestock is key in promoting the actualization of the big four and 

this being the case APSK should be engaged.   He said livestock production is important and it is  a sector  

which  makes a  big  contribution to the Kenyan economy and  food security and as a result it cannot be  

ignored.   He also stated that currently the demand for livestock products have continued to go up as a result 

of ever increasing population and urbanization as a result there is urgent need to promote livestock 

production and productivity in the Country.   He said there is need to improve the production of livestock 

products in both quality and quantity.  Dr. Mutunga also said that there is need to promote value addition of 

livestock products and also to increase in production of livestock through introduction of appropriate 

livestock breeding programmes.    

According to Hon Mutunga  for livestock enterprise to achieve it socio economic potential there are key 

issues which needs to be put in place ;- 

¶ Having enabling policy and legal framework 

¶ Creating of an enabling  environment  for the sector development  

¶ He also stated that since the livestock sector has a lean work force there is need to include positions 

of internship in the policy framework so as to increase production and productivity in the livestock 

sector.  

In addition he stated that for the livestock sector to achieve its socio economic potential there some questions 

which needs to be answered according to him these includes;  

1. What   do individuals do at their level? 

2. What is being done at the market level? 

3. Why are we importing agricultural products from our neighboring countries instead of using our 

own? He gave a case of maize importation from Uganda instead of using maize from North Rift.  

4. How are we improving food and nutritional security and also institutional capacity in the agricultural 

sector? 
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5. He also indicated that there is still hard science  

6. How are we going to enjoy the benefit?  

7. What are the researchable problems in the problems in the value chain?  

¶ How are we addressing the problems faced in the ASALS particularly in the social support systems?  

He said that there is need to contextualize the problems which are being faced in the nation depending on 

Geographical location and also modes of production in a given area.  

Hon Mutunga stated that policy and legislation issues are really tricky. He gave examples of some Acts 

which the parliament has been struggling with such as; 

1. Hides and skins bill (316) 

2. Livestock breeding bill 

3. Livestock feed bill  

4. Poultry bill 

5. National dairy policy  

6. National bee keeping policy  

7. Small livestock production policy  

But he said that there is need to define livestock professionalôs bill which has not been done. Therefore he 

promised that he was willing to ensure that Animal professional bill  will be enacted.  
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Milk Ve nding Machine Innovation for Retailing Milk : operation costs, consumer 

perceived risks and milk quality in Kenyan markets 

Bebe, B.O. 

Department of Animal Sciences, Egerton University, Box 536-20115 Egerton  

Correspondence: bbebe@egerton.ac.ke 

Abstract 

Milk vending machine is a retail innovation promising quality and cost saving to consumers who demand 

low cost raw milk and a business opportunity for entrepreneurs in Kenya. This study reports operating 

costs, consumer perceived risks and quality of milk from vending machines. Information was collected 

at the milk market outlets in Nairobi, Nakuru, Kisumu, Kakamega and Eldoret towns. The operating 

costs average KES 123,200 annually, of which 58.4% was servicing of the machine, 17.5%   water and 

electricity and 24%   licensing and permits charged by regulating authorities. Milk was retailed at 

margins of KES 5 to 10 a litre with returns to business of KES 1,000 to 15,000 a day.  In a random 

sample of consumers, those associating milk with high health risks were substantially lower for vending 

machines (<15%) than for mobile traded milk (15 -58%), farm supplied milk (98-38%) or processed 

milk (12-30%). Compliance with the KeBS standards for milk quality was higher for milk vending 

machines compared to plastic containers in microbiological quality indicators (74.4 vs 31% in TVC; 

79.5 vs 41.4% in TCC). However, vending machines did not offer better compliance in quality standards 

over plastic containers in milk density (100 vs 100%), solids not fat (46.6 vs 41.4%), hydrogen peroxide 

(92.3 vs 96.6%) or antibiotics presence (96.3 vs 93.1%). However, milk contamination with AFM1 

exceeded Codex standards of 50 ppt for vending machines (120.87±24.63 ppt) but not for plastic 

containers (35.61±20.10 ppt), with samples found non-compliant more in vending machines compared 

to plastic containers (50.0 vs 63.6%). Results show that operating costs of vending machines are high 

for an average entrepreneur, consumers associate it with reduced risks, it has better compliance with 

quality standards than with plastic containers for microbial contamination, but testing for milk quality 

is necessary. 

Keywords: Raw milk, Quality standards, Distribution, Plastic containers 

Introduction  

Milk vending machines are a retail innovation offering quality and cost saving to consumers who 

demand low cost raw milk and can offer business opportunities to entrepreneurs. This innovation is 

relevant in the Kenyan milk market where at least eight in ten litres (86%) of the marketed milk is raw 

due to a strong consumer preference for low cost  raw milk (Bebe et al., 2017). However, regulating 

authorities discourage trading raw milk for public health safety reasons (Gok, 2010, KDB, 2015). 

Therefore scaling innovations in milk retailing that assures safety to consumers share welcome in the 

dairy sector (Unnevehr, 2015). In Kenya, milk vending machines retail chilled pasteurised milk in 

strategic locations targeting urban consumers. They are found in supermarkets, milk bars and shops, and 

few on farms. Regulations require that milk is chilled, pasteurised and every batch be replaced every 24 

hours.  Observing these practices should ensure that high quality is retained over long period of time to 

minimise loss from spoilage and assure quality to consumers.  

For consumers, introduction of milk vending machines is an alternative to mobile traded milk which 

they associate with high risks and trade malpractices (Ndungu et al., 2016).  Automated milk dispensing 

minimises milk handling which should enhance hygiene standards. Automation allows for selling of any 

volume desired by the consumer into their own containers thus   reducing price relative to that of 

packaged milk. In addition, automated recording of all transactions is advantageous for business 

management to entrepreneurs. These safety and business advantages of milk vending machines can 

explain its rapid uptake in the towns where urban consumers are targeted. 

mailto:bbebe@egerton.ac.ke
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Though milk vending machines can offer to consumer milk safety assurance and to entrepreneurs 

business advantages, operating costs could be prohibitive. The machines are imported and do not qualify 

for tax exemption, regulating authorities charge several licenses and permits for milk business and cost 

of clean water and electricity could be substantial. High operating costs could be a disincentive to 

practicing high hygiene standards required when operating milk vending machine such as ensuring that 

milk is always pasteurized and does not last over 24 hours in the dispenser. When not observed, these 

can potentially affect the safety and quality of milk marketed in vending machines. This study was a 

consumer and market survey to estimate the operating costs, consumer perceived risks and quality of 

milk from milk vending machines compared to plastic containers because these used in raw milk 

retailing in Kenya. 

Methodology 

Consumers, entrepreneurs and milk were sampled at the milk vending machine outlets   in Nairobi, 

Nakuru, Kisumu, Kakamega and Eldoret towns. Consumers coming out of milk market outlets were 

approached for interview using a structured questionnaire. Premises with milk vending machines were 

identified then the operator approached for interview that was guided by check list to capture the 

operational costs, the sales and revenues. Interviews with consumers and operators of milk vending 

machines were conducted at the milk business premises only when consent was granted. At the milk 

market outlets (in Nairobi, Nakuru, Kisumu, Kakamega and Eldoret towns), small quantities of milk 

were purchased for laboratory analysis. Milk samples were submitted to an accredited commercial food 

and industrial laboratory for analysis in Nairobi within four to six hours in cooler box. The quality 

indicators analysed were Total Viable Counts (TVC), Total Coliform Count (TCC), milk density (g/ml), 

Solids not fat (SNF), antibiotics presence, hydrogen peroxide and aflatoxin M1. 

Results and discussion 

Operating costs of milk vending machine 

Milk vending machines in the market are of 200 to 1500 litres capacity worth between KES 150, 000 to 

700, 000 and mainly imported from Italy and China. Entrepreneurs buy milk at market price between 

KES 55 and 60 a litre and then retail at a margin of KES 5 to 10 a litre.  On average, milk sales a day 

reached 1500 litres for machines at the Cooperatives, 600 litres in the supermarkets, and 200 litres for 

milk bars. This translates to a return of KES 1,000 to 15,000 a day, which demonstrates that milk vending 

machines offer business and employment opportunities in the dairy value chain to milk vendors, 

distributors as well as farmers and transporters. 

For the consumers, a litre of milk obtained at KES 60 to 70 from vending machine is a saving of KES 

50 to 60 compared to   milk retailed at KES 120 for the same volume when is processed and sold in 

packets. This is evidence that milk vending machine should be relevant milk retailing innovation in low 

income markets where consumers express strong preference for low cost fresh milk (Trienekens and 

Zuurbier, 2008; Unnevehr, 2015). 

However, the operating cost are substantial from the indicative figures obtained from the field (Table 

1). On average, it cost  KES 123,200 annually, of which over half (58.4%) goes to servicing the machine, 

17.5% to paying water and electricity bills and 24% to obtaining licensing and permits charged by 

regulating authorities- the county governments and the Kenya Dairy Board.  The machine purchase price 

together with the operational costs suggest that it is a relatively high capital investment for average small 

entrepreneurs, with the potential to remove them out of this business. The high cost partly arise from 

taxation policy in Kenya which presently does not classify milk vending machine as dairy equipment 

and therefore attracts high import tax. Cleaning of the machine may pose milk quality and safety issues 

because it is unknown how hygiene of the equipment is maintained by the vendors, yet quality 

inspections may not be regular in a market characterised by low compliance, trade malpractice (Ndungu 

et al, 2016) and most of the contracts between farmers and individual consumers as well as traders and 

middlemen are informal and subject to contract breaches (60%), as observed by Mailu et al. (2014). 
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Table 1: Cost of operating a milk vending machine business in Kenya 

Cost item KES/year % 

Servicing 72,000 58.4 

Water and electricity 21,600 17.5 

County business permits 18,000 14.6 

Kenya Dairy Board license 6,000 4.9 

Food handlers certificate 3,600 2.9 

Public health certificate 2,000 1.6 

Total 123,200 100.0 

Consumer perceived risks of raw milk  

Figure 1 illustrates the perceived high risks that consumers (%) associate with raw milk retailed in milk 

vending machines, retailed by mobile traders and in supermarkets.  Consistently, fewer consumers 

associated milk vending machine with high risk of adulteration, bacterial load, unhygienic handling and 

antibiotic residues than they do associate with the mobile traded milk. In the random sample, consumers 

associating milk with high risks were fewer for vending machines (<15%) compared to mobile trader 

milk (15 -58%), farm supplied milk (98-38%) or processed milk (12-30%). This is a demonstration of 

high consumer confidence levels with the quality of milk from vending machines. For the consumers, 

risks posed by milk in vending machines was not different from those from processed milk except for   

presence of chemical preservatives. This implies that consumers do not consider milk from vending 

machines as entirely safe and non-compliance across quality indicators was about 24%. Consumers are 

thus suspicious that entrepreneurs add chemical preservatives, a malpractice common in raw milk trade 

to prolong shelf life (Ndungu et al, 2016; Kirno at al. 2016). This observation implies that quality testing 

and food safety control is necessary for traded milk in vending machines. 

 

 

Figure 1: Perceived high risks that consumers (%) associate with traded raw milk   
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Milk quality  

Compliance with milk quality was in reference to the   standards of the Kenya Bureau of Standards 

(KEBS), except for aflatoxin, for which Codex standard of 50 ppt maximum limit was applied, because 

KEBS adopts Codex standards where local standards are undeveloped. 

Results of milk quality tests   (Figure 2 and Table 2) show that compliance with the KeBS standards for 

milk quality is higher for milk vending machines compared to plastic containers in microbiological 

quality indicators (74.4 vs 31% in TVC; 79.5 vs 41.4% in TCC). However, there was 18 to 24% 

noncompliance with the KeBS standards for milk sampled from vending machines. This is evidence that 

milk   traded in vending machines should be tested for quality and consumers educated that boiling is 

necessary prior to consumption. Giacometti et al. (2012) in a study of quality of raw milk in vending 

machines in Italy did provide evidence that appropriate handling, maintaining low temperatures, 

consumer education concerning boiling before consumption are necessary to prevent foodborne 

infections linked to raw milk consumption. 

Vending machines do not offer better compliance in quality standards over plastic containers in milk 

density (100 vs 100%), solids not fat (46.6 vs 41.4%), hydrogen peroxide (92.3 vs 96.6%) or antibiotics 

presence (96.3 vs 93.1%). Results on milk density with total compliance are indicative of absence of 

adulteration with water, skimming or sugar. Other quality indicators of relevance to consumers are 

presence of antibiotics, aflatoxin and hydrogen peroxide presence, with results indicating some potential 

health hazards and thus room for improving compliance.  

 

Figure 2: Milk samples from vending machines (ATM) and plastic containers complying with the KEBS 

Standards (%) and Codex standards for the aflatoxin 

Contamination of milk with AFM1 exceeding Codex set standard of 50 ppt   was observed in milk 

vending machines (120.87±24.63 ppt) but not in plastic containers (35.61±20.10 ppt) (Table 2). Of the 

samples tested, ccompliance was lower in milk vending machines compared to plastic containers (50.0 

vs 63.6%). This is important because aflatoxin and antibiotics in milk cannot be eliminated even by 

heating or other processing.  The observed levels of aflatoxin contamination of milk compare with 

previous observation by Kirino et al., (2016)   in raw milk sampled in Nairobi peri-urban areas (128.7 

ppt) with 55% samples exceeding the Codex maximum safe limit. Why the aflatoxin concentration was 

3.4 times higher in milk vending machines than for plastic containers was unclear. Aflatoxin in milk can 

be attributed to feed, so the origin of the milk delivered to vending machines may provide the answer. 

Entrepreneurs of vending machine source milk from few farms, and these are likely feeding aflatoxin 

contaminated feeds. In contrast, mobile traders bulk milk from several sources, likely diluting the 

aflatoxin concentration.  
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Table 2: Quality of milk sampled from vending machines (ATM) and plastic containers and percent (%) 

complying with the KEBS Standards (%) and Codex standards for the aflatoxin 

Quality indicator  Milk sample Mean Compliance with the KEBS 

Standards (%) 

Total Viable Counts (TVC) 

(log 10 cfu/ml) 

ATM (N=39) 3.02±0.45 79.5 

 Plastic (N=29) 3.95±0.44 41.4 

Total Coliform Count (TCC) 

(log 10 cfu/ml) 

ATM (N=39) 2.36±0.39 74.4 

 Plastic (N=29) 3.45±0.39 31.0 

Density (g/ml) ATM (N=39) 1.027±0.0003 100.0 

 Plastic (N=29) 1.027±0.0002 100.0 

Solids not fat (SNF) ATM (N=39) 8.44±0.07 43.6 

 Plastic (N=29) 8.36±0.07 41.4 

Antibiotics ATM (N=39)  96.3 

 Plastic (N=29)  93.1 

Hydrogen peroxide ATM (N=39)  92.3 

 Plastic (N=29)  96.6 

Aflatoxin M1 (ppt) ATM (N=39) 120.87±24.63 50.0* 

 Plastic (N=29) 35.61±20.10 63.6* 

¶ Codex standards for aflatoxin milk  

From the milk quality tests in this study, three issues on milk quality and safety emerge. One, that 

compliance with quality standards is better when retailing milk in vending machines than with plastic 

containers for microbial contamination (TVC and TCC). Two, that consumers need be sensitized and 

educated to take own precautions by boiling milk from vending machines before   consumption. Three 

that it is necessary to test and enforce quality controls for all milk delivered to vending machines. The 

Kenya Dairy Board (KDB) can enforce this by strengthening regular random quality checks of milk test 

done by the operator and tests by KDB. 
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Abstract 

Many researchers, inter-governmental organizations, governments, and donors have long held the 

position that smallholder dairy production and marketing can be an effective mechanism for alleviating 

poverty and increasing food security in regions well-suited for milk production, such as those located in 

central and western Kenya. However, the empirical evidence for this causal linkage remains narrow and 

it still requires further investigation. The overall objective of this paper was to carry out an ex-ante 

impact evaluation of Smallholder Dairy Commercialization Programme. The specific objectives were to 

compare the impact of smallholder dairy commercialization programme beneficiaries and the control 

group with respect to: (i) milk production; (ii) milk marketing; and (iii) household dietary diversity. This 

paper utilized the theory of change and the logic model, and quasi-experimental methods, in particular 

the propensity score matching. The results revealed that both total milk production and milk sold is 

higher for SDCP compared to the control group. Those farmers selling to the market are able to obtain 

selling price that is 31% higher than the price received by non-beneficiaries. Overall, the total value of 

milk sold observed by SDCP farmers is 43% higher in value in comparison with that of farmers who are 

not members of the group. Thus, this evidence suggests that there were positive impacts on milk 

production and marketing. The results further revealed that programme beneficiaries were able to exhibit 

higher levels of food diversification towards more nutritional food items, demonstrated by the impact 

estimate of 0.16 for household dietary diversity score. Therefore, SDCP beneficiaries had higher 

household food security levels compared to the control group. The quantitative results provide useful 

information on the impacts of a complex project on smallholder dairy farmers that can be replicated in 

other regions in Kenya and in other neighboring countries with similar market characteristics. Nutrition 

should be explicitly included in projects during the design stage.  

Key Word: SDCP, milk, production, commercialization 

Introduction  

The Global Hunger Index (GHI) scores reflect declining hunger for all regions of the developing world 

in recent decades, yet Africa south of the Sahara and South Asia stand out for having hunger levels that 

are substantially higher than those of the other regions (IFPRI, 2017). The problem of hunger is evident 

in Kenya. According to Kenya 2014 Demographic and Health Survey Atlas, 11% of Kenyan children 

are underweight. The dairy industry has a contribution to make in lowering hunger. The dairy industry 

in Kenya forms a significant part of the rural economy accounting for 14% of agricultural Gross 

Domestic Product (GDP) as well as being the primary source of livelihood for many smallholders who 

account for over 70% of the total marketed milk in the country (IFAD, 2006). Livestock can produce a 

regular supply of nutrient-rich animal-source food (ASF) that provide a critical supplement and diversity 

to staple plant-based diets (Randolph et al, 2007; Asfaw, 2009). The Government of Kenya, in 

collaboration with the International Fund for Agriculture Development (IFAD) and beneficiaries, 

implemented the Smallholder Dairy Commercialization Programme (SDCP) in 2006 up to 2017. The 

goal of the programme was to increase income and nutrition of smallholder dairy farmers depending 

substantially on production and sale of milk and milk products for their livelihood. The promotion of 

livestock production is widely believed to support enhanced diet quality and child nutrition, but the 

empirical evidence for this causal linkage remains narrow and ambiguous (Kabunga et al, 2017). There 

is a need to carry out an ex-ante impact evaluation of SDCP to determine if the programme achieved its 

objective in comparison to smallholder farmers who did not participate in it  (control group) in 2006. 

mailto:pcu.sdcp@gmail.com
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Experimental and quasi-experimental methods are after the-fact evaluations that use a randomized 

control trial or other counterfactual to determine the impact of the intervention compared to the status 

quo (So et al., 2015; Ahmed et al., 2003). This paper utilizes the theory of change and the logic model, 

and quasi-experimental methods, in particular the propensity score matching.  

Many researchers, inter-governmental organizations, governments, and donors have long held the 

position that smallholder dairy can be an effective mechanism for alleviating poverty and increasing 

food security in regions well-suited for dairy production, such as those located in western Kenya 

(Kibiego et al., 2016; Baltenweck, et al., 2000; Staal, et al., 1997). However, the empirical evidence for 

this causal linkage remains narrow and it still requires further investigation. Consequently, the aim of 

this study is to gain insight into the impact of livestock production and marketing improvement in 

counties covered by SDCP. The promotion of livestock production is widely thought to support 

enhanced diet quality and child nutrition (Mosites et al, 2015; Kabunga et al., (2017); Wiley et al, 2009; 

Dror et al, 2011; De Beer, 2012; Miller et al, 2016). Few impact studies have considered the control 

group. This study will fill this gap in the literature.  This study therefore, evaluates the impact of SDCP 

on household food security. The overall objective of this paper was to carry out an ex-ante impact 

assessment of Smallholder Dairy Commercialization Programme. The specific objective was to assess 

the impacts of smallholder dairy commercialization programme to the beneficiaries and the control 

group with respect to milk production, milk marketing and household dietary diversity.  Figure 1 

presents a conceptual model that describes the relationship between baseline information and impact on 

the control group in the middle. It is assumed that there is economic growth over time influencing both 

beneficiaries and non-beneficiaries. Therefore both the communities that receive treatment and the 

control show increasing values of the impact indicator e.g. income over time. 

Conceptual framework 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Conceptual Framework 

Methodology 

This study took place in Bomet, Nakuru, Lugari and Bungoma counties. The sites were selected since 

this is where the SDCP project has been implemented.  The study   involved gathering data from the 

people who were beneficiaries from the project and the non-beneficiaries. The list of SDCP sub-counties 

that were considered for the study and those included for comparison purposes are shown in Figure 2.  

Participants were drawn from all the three geographic clusters of where the programme is being 

implemented.  A sample of 2,562 was split between 1,297 SDCP beneficiaries (from 95 dairy groups) 

and 1,265 matched comparison farmers (from 89 dairy groups) this was to ensure that the sample was 

representative.    
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Figure 2: Study sites 

Questionnaires and Focused Group Discussions (FGDs) were used for data collection. This paper utilizes 

the theory of change and the logic model, and quasi-experimental methods, in particular the propensity 

score matching. Calculating dietary diversity scores by summing the number of food groups consumed 

by anyone in the household over a reference period (last 7 days) is a proxy for food security, developed 

by the Food and Nutrition Technical Assistance Project (FANTA); greater values of FANTA measure 

indicate more food insecurity. 

Results and discussion 

The results cover milk production and marketing, and household food security. 

Impact on milk production  

The SDCP households had received information on all of the practices being promoted by SDCP versus 

control households, and they had adopted the practices indicated in (Table 1). In addition, SDCP 

households owned cross-bred cows, used AI services, and to had obtained a wider range of health 

services. Finally, many of them had adopt recommended management practices and investments, 

including practicing zero grazing, having concrete floors, and feeding concentrates. In fact, control 

households did not perform better on any measures of input use, management and investment. Overall, 

these improved input and management practices led to greater milk production for those who were  in 

SDCP project. 
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Table 1: Impact on probability of receiving information from trainings  

 
Dependent variable Impact estimate Compariso

n  mean 

Treatment mean  

 (1) (2) (3) N 

Livestock best practices  0.15***  0.22  0.37  2558  

                                               (4.83)  

Managerial, bookkeeping, 

accounting, and finance  

0.04***  0.03  0.07  2558  

                                               (3.58)  

Fodder Establishment  0.07***  0.05  0.13  2558  

                                               (4.31)  

Hay Making  0.06***  0.06  0.12  2558  

                                                (3.38)  

Silage Making  0.04**  0.05  0.09  2558  

                                               (2.50)  

Use of chaff cutter  0.05***  0.01  0.05  2558  

                                               (4.46)  

Animal registration  0.03***  0.01  0.04  2558  

                                                (3.42)  

Fresh milk marketing  0.07***  0.02  0.09  2558  

                                               (5.34)  

Value addition marketing 

(e.g., mala, yoghurt)  

0.05***  0.01  0.06  2558  

                                  (5.16)  

Group/Cooperative Milk 

Marketing  

0.02**  0.02  0.04  2558  

                                                (2.19)  

Market Information 

Searching  

0.02***  0.01  0.02  2558  

                                                (2.64)  

 

Milk and input markets impact  

With respect to impact of the SDCP on marketing, both total milk production and milk sold is higher for 

SDCP (Table 2).  The reason attributed to this is due to the fact that SDCP producers indicated that they 

had sold some milk before the day of the interview and after the interview sold both in the morning and 

the evening. 

Thus, this evidence suggests that there were positive impact on milk marketing. Those farmers selling 

their milk to the market are able to sell at a price that is 31% higher than the selling price received by 

non-beneficiaries. Overall, the total value of milk sold, calculated as the product of quantity of milk sold 

and the price, observed by SDCP farmers is 43% higher than the value of the comparison group. One of 

the most successful initiatives to help farmers access input and output markets appears to be the 

expansion of access to credit, as primarily documented in the dairy group surveys and FGDs. SDCP 

dairy groups were more likely to access a wider range of finance sources, including micro-finance and 

commercial, but in particularly local savings and loan clubs.  
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Table 2: Impacts on milk production and total value impact 

Dependent Variable Impact Estimate Comparison  

Mean 

Treatment 

Mean 

N 

 (1) (2) (3)  

Sold milk yesterday any time  0.08**  0.42  0.50  2558  

 (1.98)    

 (2.08)    

Total litres of milk sold in the 

morning (yesterday)  

0.12  0.86  0.98  2558  

 (1.16)    

 (1.58)    

Selling price of milk/litre 

(yesterday)  

0.31*  1.81  2.13  2558  

 (1.74)    

Total value of milk sold  0.43*  2.47  2.90  2558  

 (1.71)G    

Total milk production at 

calving  

0.58***  1.33  1.92  2558  

 (4.72)    

Total milk production 

(yesterday)  

0.37***  1.13  1.50  2558  

 (3.25)    

Increased food security  

The results in Table 3 shows that SDCP households are more likely to have a more diverse food basket, 

specially foods with larger levels of animal and vegetable proteins (red meats, milk products, and 

legumes such as beans, peas, lentils, and nuts), and lower levels of tuber and fruit consumption, which 

are nonetheless still quite common among SDCP farmers.  In general the results provide some evidence 

that programme beneficiaries were able to exhibit higher levels of food diversification towards more 

nutritional food items.  

Multiple FGD participants revealed that they had increased their income from their agricultural activities 

as a result of the SDCP which had enabled them to have variety of foods in their households. One farmer 

said that his familyôs general health had improved, while others said they now consistently have tea with 

milk in their house. Farmersô perception of increased food security may partially result from having 

good knowledge  of better farming practices for instance the use of appropriate seeds in a given region, 

application of organic manure in their farms such as the use of cow dung.  Theory of Change explains 

the process of change by outlining causal linkages in an initiative, i.e., its shorter-term, intermediate, 

and longer-term outcomes (Keystone, 2016). The identified changes were mapped, as the outcomes 

pathway, showing each outcome in logical relationship to all the others. The links between outcomes 

are explained by rationales or statements of why one outcome is thought to be a prerequisite for another. 

The interventions of Smallholder Dairy Commercialization Programme (SDCP) aimed at increasing 

milk production and productivity, and enhanced participation in milk markets with reduced seasonal 

fluctuations. The programme identified three main areas where impediments to improving dairy incomes 

operated: dairy group activities, household production, and market intermediaries. These three areas 

conform to three of the programme components. 
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Table 3: Impact on food categories consumed in last 7 days  

Dependent 

Variable 

Impact 

Estimate 

Comparison 

Mean 

Treatment 

Mean 

 

 (1)  (2)  (3)  N  

Cereals/grains  -0.00  0.99  0.98  2558  

Potatoes/yams/cass

ava  

-0.14***  0.89  0.75  2558  

 (-412)    

Vegetables  0.00  0.99  0.99  2558  

 (0.48)    

Fruits  -0.11***  0.89  0.78  2558  

 (-3.71)    

Beans/peas/lentils/n

uts  

0.03*  0.88  0.91  2558  

 (1.65)    

Red meats/other 

organ meats  

0.17***  0.36  0.54  2558  

 (4.82)    

Eggs  0.02  0.60  0.62  2558  

 (0..46)    

Fresh/dried 

fish/shellfish  

-0.02  0.37  0.35  2558  

 (-0.62)    

Milk/cheese/yogurt/

other milk product  

0.09***  0.80  0.89  2558  

 (3.04)    

Other (condiments, 

coffee, tea)  

0.06**  0.89  0.95  2558  

 (2.41)    

Household dietary 

diversity score 

(HDDS)  

0.16  9.81  9.97  2558  

 (1.15)    

 

Increasing dairy incomes for smallholders emanated from three primary channels: increased milk 

production, increased prices received from milk sold, and decreased costs of production and of milk 

marketing. Here we focus on the first three components, as these components address all of the channels 

to varying degrees. The primary impact is expected to be higher net milk incomes, through increased 

production and productivity per animal, reduced input costs, reduced transactions costs, and potentially 

higher farm gate milk prices. The outcomes clearly indicate that there was an impact. The second impact 

was improved household food security through higher incomes and consumption of milk and increased 

employment. 

Conclusion and Recommendations 

The results of this study revealed that both total milk production and milk sold is higher for SDCP 

compared to the control group. Those farmers selling to the market are able to obtain selling price that 

is 31% higher than the selling price received by non-beneficiaries. In general, the total value of milk 

sold observed by SDCP farmers is 43% higher than the value of the control group. Thus, this evidence 

suggests that there were positive impacts on milk production and marketing. The results further revealed 

that the programme beneficiaries were able to exhibit higher levels of food diversification with more 

nutritional value as demonstrated by the impact estimate of 0.16 for household dietary diversity score. 

Therefore, SDCP beneficiaries had higher household food security levels compared to the control group. 
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The study findings revealed that smallholder dairy has been able to transform livelihoods of the 

beneficiaries in the counties where the project is being implemented.  There for this study recommends 

that the technology needs to be up-scaled in other counties in Kenya.  
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Abstract 

Postharvest losses in milk (PHL) occur as a result of altered milk quality during production process. 

This study synthesized the relationships between farm-level practices and milk yield and PHL using 

qualitative and quantitative data analysis methods. Feeding practices were dominated by zero-grazing 

in peri-urban and free grazing in rural farms, characterized by low concentrates intake and low quality 

basal forages that led to low milk production. Improving the practice through training increased 

knowledge levels and production. However higher milk producers were found to face higher milk PHL 

for which hygiene milking practices were major contributors. Staphylococcus aureus was the major 

mastitis pathogen contributing to increase in milk somatic cell count that was isolated and used as quality 

marker. Effects of practices on milk PHL were system specific. In rural herds not washing hands before 

milking (O.R.: 0.521), Calves not suckling before milking (O.R.: 0.283), use of aluminum containers 

(O.R.: 0.484) and milking in open field (O.R.: 0.277) had lower prevalence risk of Staph. aureus. In 

peri-urban farms, use of aluminum containers (O.R.: 1.733) for milk handling and milking in a cowshed 

(O.R.: 3.929) had higher prevalence risk of Staph. aureus. Analysis of practices in smallholder dairy 

systems showed that current feeding practices are not adequate to support higher milk production but it 

could be improved through training. However, the higher milk production, more farmers turn in the 

formal market where they experience higher milk PHL. Milking practices are major contributors to these 

losses but farmers show no incentives to applying good hygiene practices because of lack of strict quality 

control and uptake based on volume rather than quality.   

Key words: policy implication, postharvest milk losses, Staphylococcus aureus 

Introduction  

In Kenya, domestic milk is produced by smallholder dairy herds (75%) and by pastoral cattle and camel 

herds (24%). On average, smallholder dairy herds produce 10 kg of milk per herd per day from about 2 

cows while pastoral camel herds produce 37 litres per day from 17 camels (Kashongwe et al, 2017a) of 

which over two thirds are marketed but predominantly through the informal market outlets. Compared 

to formal markets, the informal markets sell raw milk to low-to-middle income consumers, taking 

advantage of their preference for taste of raw milk sold at prices lower than those of pasteurized milk 

(Muriuki, 2001, Noor et al, 2013). However, selling raw milk in the informal market outlets impacts on 

the hygiene and shelf-life of milk.  Kashongwe et al (2017b) demonstrated that about 19% of milk 

marketed in smallholder dairy cow herds is high in somatic cell counts (SCC).  At the farm, this spoilage 

of milk is due to contamination with foreign substances and harmful microorganisms that pose public 

health risks to consumers (Wafula et al, 2016, Makau et al, 2016). Farm-level postharvest losses milk 

(PHL) is the proportion of milk with deteriorated value through spillage (as a result of accidental 

pouring) or spoilage (caused by proliferation of microorganisms). Poor hygiene of the cow udder, 

milking environment, milking person and milk storage containers contribute to physical and 

microbiological contamination of the milk, hence spoilage (Kashongwe et al, 2017b and Wafula et al, 

2016). Mixing the evening and morning milk is another source of milk spoilage, where preservation of 

evening milk lacks cooling facilities (Younan, 2004 and Lore et al, 2006). Milk microbial load is 

increased and shelf life shortened where farmers do not practice pre- and post-milking disinfection of 
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the udders surface and equipment (Gleeson et al, 2009). Feeding practices play an important role because 

they affect milk production. The diversity of diets in smallholder and pastoral camel herds are associated 

with available feeds and influence milk yield, composition and quality (Kashongwe et al, 2017a). This 

study synthesized the hypotheses that milking, milk handling and feeding practices influence milk 

production, quality and post-harvest losses.  

Methodology 

Data was obtained from representative smallholder dairy cow and pastoral camel herds from rural and 

peri-urban areas, which accounts for 80% and 12% respectively of the total domestic milk in Kenya 

(Muriuki, 2001; FAO, 2003). The herds were sampled in stratified cross-sectional surveys for data 

collection at the herd and animal levels. Complementary data was obtained in longitudinal action 

research. The design was made to foster innovation capacity of smallholder farmers in finding solutions 

to low production and quality milk which impacts on milk PHL and incomes.   

Results and discussion 

Feeding practices affect milk yield and could be improved through training 

Feeding practices in smallholder dairy herds 

There was a diversity of feeding practices in smallholder dairy herds.  Cut-and-carry feeding (semi-zero 

and zero-grazing) was deployed in response to limited land for fodder production (Napier grass, oats) 

and was characterized by use of crop residues and off-farm feed resources (forages and concentrates). 

Free grazing was prominent in rural smallholder herds where cows are fed on natural pastures 

supplemented with Napier grass and concentrates (Table 1). 

Table 1: Characteristics of smallholder peri-urban and rural farms 

Variables Peri-urban Rural 

Dominant feeding practice Zero-grazing Free grazing 

Land used for crop production (acres) 0.88  3.12 

Land for fodder/ pastures (acres) 0.12  2.08 

Total milk production (litre/per year) 2704  6240  

Average milk price (USD/litre) 0.33  0.31  

The low average milk production in smallholder rural (6 kg) and peri-urban (5 kg) herds could be related 

to inadequate feeding in nutrient quality and quantity (Njarui et al, 2011). Regression modeling of the 

effects of these variables (basal forage, forage supplement and concentrates) on milk yield showed 

positive contribution of basal forage and concentrates (Table 2).  

Table 2: Regression estimates of effects of feed quantities on milk yield in smallholder dairy farms 

Feeds Estimate Std Error P-value 

Smallholder peri-urban 

Basal forage 1.434 0.369 0.0015 

Forage supplement -0.854 0.537 0.1327 

Concentrate 1.004 1.860 0.5971 

Smallholder rural 

Basal forage 2.336 0.386 <0.001 

Forage supplement -1.111 0.545 0.046 

Concentrate 3.512 1.133 0.0029 

Training to improve knowledge on recommended practices and production 

An attempt to improve feeding practices was through training session in action research conducted in 

smallholder rural (Olenguruone) and peri-urban (Mukinduri) farms. The peri-urban farms chosen for the 
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intervention had already been exposed to improved farm practices through collaborative learning process 

(Restrepo et al., 2016). Improvement of feeding practice consisted of planting and managing forages in 

the field (planting); preserving forages and value addition through silage making and treatment of crop 

residues (preserving) and feed formulation (formulation). This resulted in increased milk production as 

reported in Kashongwe et al, (2017d). Assessment of knowledge level showed an increase in farmersô 

knowledge on forage management after training (Figure 1 and 1), though knowledge of cow feed 

requirements and formulation of feed ration remained relatively low. These findings are in agreement 

with Kiptot et al. (2015) who also reported lack of technical knowledge on silage/ hay making and feed 

formulation in smallholder farms in Kenya. Their recommendation on more training on feeding practices 

show the importance of training in improving farmerôs knowledge since it creates a more receptive 

environment for application of better practices (Nampanya et al., 2012). This could be a more beneficial 

approach than only introducing new feeds and more effective than public awareness programmes 

(Nampanya et al., 2012).  

 

Figure 1: Knowledge level and proportion of participating farmers (size of the shape) with knowledge 

on training items in peri-urban farms for pilot and participating farmers. 
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Figure 1: Knowledge level on feed management and rations formulation assessed before and after 

training in rural farms for pilot and participating farmers. 

Hygiene practices during milking, a risk of PHL that could be reduced through training  

Risks of PHL due to milking practices in smallholder dairy herds 

Milking practices have influence on PHL through association with high prevalence of mastitis causing 

pathogens, especially Staph. aureus, which increased SCC level. In a previous study by Kashongwe et 

al (2017b), an estimated 19% PHL in smallholder dairy herds were associated with   high SCC. The 

losses were a consequence of ineffective practices that varied with production system. The risk 

prevalence of Staph. aureus in smallholder rural herds was associated with hand washing, type of milk 

handling container, calves suckling prior to milking and presence of cowshed (Table 3). Not washing 

hands had half (Odds ratio 0.521) risk prevalence of the Staph aureus than those washing hands, because 

farmers were not following recommended procedure in pre-milking hand washing with use of sanitizers 

(Lore et al., 2005; Wanjala et al, 2016). The way it is practiced, hand washing is unable to remove 

pathogenic microorganisms even with use of detergent (Wafula et al, 2016). Risk prevalence of Staph 

aureus was lower when handling milk in aluminum containers than in plastic containers (Odds ratio 

0.484) in smallholder rural farms. Despite milk regulator in Kenya (Kenya Dairy Board) banning use of 

non-food grade plastic containers commonly used for milk handling, both smallholder farmers and 
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pastoralists continue to use plastic containers. Though it is easier to clean aluminum containers, farmers 

and pastoralists find the non-food grade plastic containers cheaper, more convenient for transporting 

milk over poor roads in rural and pastoral areas (Wafula et al, 2016; Kashongwe et al, 2017c) and better 

fit to size for marketing small milk volumes.  

In the peri-urban areas, milk transporters often pool milk from several farms in aluminum containers, 

which increases the risk of milk contamination (Odds ratio 1.733) with milk of poor quality from other 

farms (Kashongwe et al, 2017c). The risk prevalence of Staph. aureus was lower when calves were not 

suckling compared to when they were suckling (Odds ratio 0.283), which contrasts the results of 

Wagenaars and Smolders (2008) who found no effects of calves suckling on milk quality. But they are 

in agreement with Lore et al. (2005) who found an increased risk of mastitis pathogens due to calves 

suckling in conditions where other pre-milking preparation procedures are properly applied. However, 

in pastoral conditions without water for pre-milking preparation, calves suckling was associated with 

reduced risk prevalence of Staph. aureus (Odds ratio 0.175) (Table 3). This has implications on policy 

recommendation on calves suckling, that they should be specific to management practices deployed. 

While it may be beneficial in pastoral camel herds, it may not be recommended practice in smallholder 

dairy herds if other pre-milking practices are correctly applied.  

Milking in the open field in smallholder rural herds had lower risk prevalence of Staph. aureus (Odds 

ratio 0.277) than in a cowshed, while the risk was nearly 4 times higher for those without a cowshed in 

smallholder peri-urban than those with. Kashongwe et al (2017b) explained that reduced accumulation 

and spread of pathogens from the environment to the cows occurs when milking in open field on the 

pastures as practiced in rural farms. In the peri-urban, milking is on bare grounds. Milking in such 

conditions should be in a cowshed with concrete floor for easy animal protection from contamination. 

Smallholders may achieve this with iron sheet roofing and concrete floor.  

Table 3: Milking and handling practices associated with the presence of Staphylococcus aureus in milk 

from smallholder dairy cow rural and peri-urban and pastoral camel herds 

Practices contributing to presence of 

Staph aureus 

Risk prevalence of Staph 

aureus (Odds ratio) 

Confidence Interval 

(95%) 

Smallholder rural 

Hand washing (No vs Yes) 0.521 0.020 ï 13.376 

Container (Aluminum vs Plastic) 0.484 0.056 ï 4.207 

Calves suckling (No vs Yes) 0.283 0.039 ï 2.081 

Owning cowshed (No vs Yes) 0.277 0.047 ï 1.629 

Smallholder peri-urban 

Container (Aluminum vs Plastic) 1.733 0.347 ï 8.652 

Owning cowshed (No vs Yes) 3.929 0.301 ï 51.256 

Conclusion 

Analysis of practices in smallholder dairy systems showed that current feeding practices are not adequate 

to support higher milk production but it could be improved through training. With higher milk 

production, more farmers turn in the formal market where they experience higher milk postharvest 

losses. Milking practices are major contributors to these losses but farmers show no incentives to 

applying good hygiene practices because of lack of strict quality control and uptake based on volume 

rather than quality. 
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Abstract 

The growth of the Kenyan dairy sector has triggered an increase in smallholdersô demand for various 

external inputs and services.   As a result, many business opportunities have emerged along the dairy 

value chain related to extension, advisory services and inputs delivery. This paper presents a case study 

of the youth-led service provider enterprises (SPEs) that has emerged to offer commercial support 

services to entrepreneurial smallholders and medium scale farmers in the vibrant Kenyan dairy value 

chain. The study assessed sampled SPEs in relation to their technical (i.e. soundness, quality and 

effectiveness of service delivery) and entrepreneurial performance (i.e. management, marketing and 

income generation). Eight SPEs were purposively selected. Majority (53%) of active SPE members fell 

within the youth bracket (18 - 35 years) and 94% were male. In general SPE services have contributed 

positively to the dairy supply chain where they are operational. The eight SPEs made an estimated 

11,268 tonnes of silage in 2016, mainly from maize. Farmers that sought SPE services reported some 

increase in productivity. The SPEsô income ranged between 5,300 and 46,500 average KES per month 

mostly from silage making. Equipment problems and limited financial capacity of farmers to pay for 

services are among the main challenges that affect SPEsô technical and entrepreneurial performance 

respectively. Beyond the technical aspect of the services, SPEs need to pay equal attention to the 

business/entrepreneurial dimension of their work in order to realise business opportunities and create 

viable enterprises. 

Introduction   

The growth of the Kenyan dairy sector has triggered smallholdersô demand for various external inputs 

and services in order to meet the increasing demand for more and better quality milk, delivered at low 

costs and with sustainable practices (van der Lee et al., 2016). As a result, many business opportunities 

have emerged along the dairy value chain related to extension and advisory services and inputs delivery, 

attracting entrepreneurs. Increasingly, the youth that are seeking to venture into various agri-businesses 

either individually or as groups are pursuing these opportunities (Kilelu et al., 2016; Linguli and 

Namusonge, 2015; MoALF, 2017). The Service Provider Enterprise (SPE) is an innovative youth-led 

business model in which young men and women form groups to offer commercial support services to 

entrepreneurial smallholders and medium scale farmers in the vibrant Kenyan dairy value chain. 

Summarises the main building blocks of the SPE model. 

SPE Building Blocks

Sector Choice

- Vibrant economic 
sectors

- Target clients (farmers) 
willing to pay for services 

Skills development

- Targeted practical skills 
development 

- Complementary (hands-
on) & credible expertise

Branding

- Group enterprise

- Local (next-door) 
service provider

- Identity (brand) and 
standards 

Evolution

- Reskilling

- New service products

- Seek out new sectors

- Expand opportunities
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The value proposition for SPEs is to offer silage making services to dairy farmers, complimented with 

advisory support on feeding and dairy cow management, in order to improve productivity. The model 

was initiated as a pilot in 2010 with the support of SNVôs core subsidy funded dairy program (SNV, 

2013). Interested recruits received short-term practical training on technical aspects of silage making 

and some areas of dairy cow management. The pilot started with four SPEs located in Nyandarua, Nyeri 

and Embu Counties. These four SPEs later formed a limited company ï SPEN (Service Provider 

Enterprise Networks) Ltd. The SPEs are linked to Dairy Farmer Co-operative Societies (DFCS) to 

provide services to their members and suppliers (Table 4). Since 2012, SNVôs Kenya Market-led Dairy 

Program (KMDP) has facilitated formation of 29 SPEs spread across six Counties: 21 in Meru, 3 in 

Nyandarua; 2 in Baringo and 1 each in Nyeri; Nakuru and Uasin Gishu. 

Methodology 

Eight SPEs were purposively selected for the study (Table 4). Data was collected using structured 

interviews with SPE representatives, focus group discussions (FGD) with sampled farmers and 

managers of DFCSs and the Meru Dairy Farmers Cooperative Union (MDFCU).  

Table 4: Details of DFCSs linked to selected SPEs in the study 

County SPE Related DFCS 

 Group name & active 

members 

Active DFCS members in 2016 

Baringo Bokimu 3 Mumberes  1093 

IDM 4 Kiplombe Farmers  1500 

Meru Drip 6 Nkuene  1270 

Bidii  4 Mbwinjeru Ariithi 340 

DASPE 5 Naari  544 

Nyandarua Intertech 3 Nyala  8500 

Ngorika 4 New Ngorika  900 

Nyeri Unique  3 Kiunyu 80 

Total 8 32 8 14227 

Results  

Characterization of selected SPEs 

The age of the sampled SPE members ranged from 18 to 60, with the majority (53%) falling in the youth 

bracket (18 - 35 years). Majority (59%) had attained a secondary school education and about 38% had 

continued with post- secondary training. It was also noted that 94% of the active SPEs members were 

male. 

Types of services offered 

Silage making was the initial value proposition for establishing SPEs. Most farmers in the study regions 

had not used silage before the SPEs and relied on traditional feeding practices. As Figure 1 shows, most 

SPEs also offered a range of other services.  
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Figure 1: Service provision by SPEs (n = 8) 

Other benefits of SPE services that farmers mentioned include improved dairy cow management; better 

animal health and weight gain, reduced costs of buying feed and time saved from collecting feed outside 

the homestead. Construction of zero-grazing units was noted to reduce wastage of manure.  

Assessing technical performance of SPEs  

The eight SPEs made an estimated 11,268 tonnes of silage in 2016. As Figure 2 shows, two SPEs in 

Meru, i.e. Bidii and Drip SPEs, made the highest volumes of silage of about 3100 and 2900 tonnes 

respectively in 2016, most of which was maize silage. The SPEN groups, Unique and Intertech made 

between 1500 and 1700 tonnes of silage. On average, farmers conserved between 0.3 and 66.2 tonnes 

of silage annually. Generally, farmers were satisfied with the SPEs because they made quality silage. 

Effects of the SPE services on-farm and on the supply chain 

Farm level outcomes - more milk, more money 

Farmers who sought SPE services reported some increase in productivity. In Meru, where most silage 

was made,  productivity was up to about 9.5 l/cow/day for Nkuene DFCS and 8 l/cow/day for Mbwinjeru 

Ariithi DFCS.  

 

Figure 2: Silage production in 2016 by different SPEs 

This is in comparison with the average productivity of 5/cow/day in dairy producing regions in the 

county (MoALF, 2010). Farmers also reported reduced fluctuations in their milk volumes during the dry 

season. Farmers noted that silage contributed to this nominal increase. More effort is needed to enable 

higher increases in productivity. Farmers in these two DFCSs also generated a higher average daily 

income from milk sales to the DFCSs as compared to those in other DFCSs (i.e. KES 1779 and KES 

804 respectively). However, more analysis is needed to generate actual gross-margins.  
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Effects of SPE support on the supply chain 

Increased production at farm level resulted in an increase in the volume of milk collected by DFCSs. 

Where more silage was produced, e.g. Meru DFCSs, the managers also indicated that their daily milk 

collection was stabilising during all seasons. Furthermore, the volume of milk was within their set 

targeted range (Error! Reference source not found.). This was an indicator that SPE services had a 

positive effect along the dairy value chain.  

 

 

Figure 3: Average milk collected by DFCSs in 2016 

Secondary data of the DFCS annual milk intake showed an overall increase in volumes collected across 

all DFCSs from 2012-2015 except Kiplombe DFCS. MDCU also reported a difference in the volume of 

milk collected from DFCSs that worked with SPEs. Whilst there may be many factors that contributed 

to more milk intake including increased membership and supplier loyalty, DFCS representatives pointed 

to the fact that SPE services contributed to the increase in their milk collection.  

Challenges limiting SPE technical performance 

¶ Equipment problems (breakages, limited access and poor quality, e.g. for compacting) 

¶ Poor quality of silage making material (e.g. polythene). 

¶ Poor quality/inaccessible fodder seeds for forage establishment  

¶ Farmers uncovering silage before it is ready  

¶ Drought hence fewer silage making opportunities. 

Assessing the entrepreneurial performance of SPEs 

Client-reach and business operation 

SPEs have been able to reach out to many farmers, although most of the interactions seemed to be for 

promotional and demonstration purpose.  The sampled SPEs provided silage making services to about 

950 farmers in 2016. This is equivalent to about 7 % of total active DFCS farmers, the main client base 

for the SPEs. This shows that SPEs have not saturated their market. In order to grow their client base, 

the SPEs marketed their services through various channels. However, SPEs mostly acquired new 

assignments through word-of-mouth referral. Most SPE members offered services individually rather 

than as a group, although they use the SPE name to acquire assignments. 

Income generation and investments of SPEs 

Silage making services made up the larger portion of SPEsô income. SPE charged between KES 250 and 

KES 1,000 per tonne, depending on whether the SPEs paid for labour and provided choppers. DASPE 
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charged a daily rate of KES 2, 000 irrespective of the amount of silage made. Farmer training was mostly 

for promotional purposes without charge, or paid through a third party.  The results show that Unique 

members made the highest monthly income from silage making in 2016 averaging about KES 46,500 

and DRIP made the lowest: KES 5,300.  SPEs also sold inputs, mainly fodder seeds. In 2016, Intertech 

SPE made the highest annual income (KES 176,500) as a group from sales of various types of fodder 

seeds. Some SPEs made various investments to enhance their business include the purchase of new and 

efficient silage chopping machinery. Others indicated that high cost of machinery prevented them from 

investing. 

Business challenges limiting SPE performance 

¶ Farmer refusal/delay in payment and limited financial capacity of farmers to pay for services  

¶ Difficulty in determining appropriate costing or pricing of services 

¶ Slow farmer adoption of promoted technologies and practices 

¶ Poor planning by farmers when requesting for services resulting in waste of time/resources 

¶ High costs of promoting and marketing services (e.g. doing many free demonstrations) 

¶ Limited financing to acquire appropriate and quality machinery 

¶ High work load and unavailability of casual labour, especially during peak season  

¶ After practical exposure, farmers start making silage resulting in fewer repeat customers 

Discussion and conclusion 

Enabling entry of youth into agribusiness 

The SPE model has enabled an entry of out-of-school youth into business and income generation 

activities in the agriculture sector. Through practical training, SPEs offered livelihood opportunities to 

rural youth who have completed high-school education. Such vocational training is argued to be 

important to enable fast entry for youth into agri-business (FAO and IFAD, 2014).  

Complementarity and viability of the SPE model 

SPEs offer complementary services to farmers with the potential to fill in gaps in the extension support 

and to enhance the cost-effectiveness and quality of services (Birner et al., 2009). However, most SPEs 

have not attained the full potential performance, due to seasonality of business and low market 

penetration. Where SPEs work with DFCSs, their relations could be strengthened to stimulate business 

opportunities and contribute a robust dairy supply chain (Kilelu et al., 2016). What remains to be seen 

is whether these bundles of services stimulate a sizeable market demand that enable the SPE to generate 

decent incomes over time (Poulton et al. 2010). 

SPE propagation and dynamics of entrepreneurship 

As observed in this study, the potential client base is largely untapped and the current numbers of SPEs 

are not able to cover this base. This raises the issue of how to propagate and scale the model. Attracting 

more service providers into the business can be a first step to scaling up the model. But rather than 

focusing on growing the numbers of service providers there is need to understand the ñscaling readinessò 

(Sartas et al., 2017) of this innovative service delivery model in light of the challenges that limit 

performance. Results suggest that SPEs lack adequate entrepreneurial skills to match their technical 

skills. The study also shows high attrition (57% drop out rate) and mobility that can be linked partly to 

seasonality of business for member. For success enterprise development policy support needs to 

approach SPEs as small and medium-scale enterprises (SME) that need a range of support services e.g. 

targeted financial services and business development support (BDS).  
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SPEs as an inclusive model  

By design, the SPE model in inclusive as it aims to attract youth to opportunities in agribusiness. 

However, the findings show that few (youth) women joined and even fewer remained active after 

recruitment i.e. a retention rate of 6% for sampled women. This points to the need for a gendered analysis 

and approach to the issue of youth and agriculture, paying attention to how best enable equitable 

participation and opportunities of young women in agri-business (Filmer and Fox, 2014; Heinrich-Böll-

Stiftung, 2015). However promoting youth in agribusiness is not only about being inclusive, but also 

about enabling viable businesses that equally contribute to agri-food sector development. Finding a good 

fit between aspiration of youth and opportunity in agribusiness for a decent livelihood should guide 

program-led agri-entrepreneurial development. This also requires a broad look at the challenges facing 

youth in relation agricultural transformation and employment  (Mgumia, 2017; Muiderman et al., 2016). 

Performance of the SPEs as service agri-enterprises 

The SPEs have contributed positive outcomes at farm and supply chain level in some regions. At farm 

level, farmersô knowledge and skills were enhanced and productivity improved. There was also closing 

of the seasonal fluctuation gap, which cascades to other supply chain actors. The entrepreneurial 

performance for most SPEs shows most have not reached full potential. This is due to seasonality of the 

business and low market penetration. While private service delivery can contribute to sustainable 

intensification and commercial orientation for smallholders, low demand makes it unsustainable for 

private sector actors to provide such services (Birner et al., 2009; Poulton et al., 2010; Bebe et al., 2016; 

Kilelu et al., 2016). There is need to understand how best to stimulate and sustain this demand. 

Evolution of the SPE model and some lessons learnt and recommendations 

The SPEs started off by offering a specific service and evolved to offering more and sophisticated 

services. However, the evolution is not only about increasing the number of services offered, but also 

about ensuring that services are oriented toward offering a ñbest-fitò, that is, to meet farmers needs to 

optimize their production and enterprise results (Birner et al., 2009). Factors that need to be considered 

in strengthening the SPE model are: 1) Broad skill (beyond silage making) acquisition and their demand, 

2) DFCSs support and SPE performance and 3) Personal attributes.  

To further strengthen and scale the SPE model the following recommendations targeted at 

development and public agencies: 

¶ Broadening training- There is a need to balance vocational, technical and entrepreneurial skills 

during recruitment and training. 

¶ Public investment is needed- Such investment can play a role in facilitation of skill acquisition 

and deployment of SPEs  

¶ Strengthening business partnerships- The DFCSs should consider to embed SPEs in their 

business development plans, as being complementary to or part of their extension system, to 

enhance fodder access of DFCS while facilitating assignments for SPEs. 

¶ Business model sustainability ï To increase the sustainability of the SPE model, development 

organizations and public agencies need to consider the pros and cons of having SPEs as 

independent businesses versus having the SPEs anchored on the support of DFCSs. 

¶ Inclusiveness - To make the model more gender and youth inclusive, the needs of young 

women, who are the minority in the SPE model, as well as the broader aspirations of youth need 

to be factored. Inclusiveness is not an end in itself but should as factors that can contribute to 

sustainable agri-food sector development.  
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Abstract 

Rabbit farming is increasingly being practiced in response to climate change, population increase, 

urbanization and changing consumption patterns. This is due to rabbitôs unique features such as fast 

growth rate, high fecundity, feed conversion efficiency and early maturity. The purpose of the study was 

to map out the rabbit value chain in Nakuru, Kiambu and Nyeri Counties of Kenya, documenting 

producersô perspectives on rabbitôs production and marketing, and the challenges they encounter. It was 

found out that majority of the farmers in the three study areas fed their rabbits on locally available 

materials. In addition, more than half of the studied households kept their rabbits with an aim of selling. 

However, it was noted that such farmers had a small market share which is a clear indication that the 

farmers are being exploited by traders. Diseases and parasites and lack of market were found to be among 

the challenges facing rabbit producers. There is need to strengthen the rabbit groups with a possibility 

of registering them as cooperatives for the purpose of collective bargaining for better prices and access 

to information. 

Key words: Value chain analysis, rabbit, Kenya. 

Introduction  

Value Chain Mapping 

The term value chain refers to all events which are carried out to change a product from conception, 

which involves various levels of production, distribution, ultimate consumption to discarding after use 

(Kaplinsky and Morris, 2002). Value chain analysis is rapidly applied as a tool to establish agricultural 

goods markets (Humphrey, 2005; USAID, 2006). Linkage to functional value chains comes with several 

benefits to farmers. According to McCormick and Schmitz (2001), enterprises with well-structured 

trading networks are always associated with increased trade thus high benefits for those involved. Value 

chain analysis helps to identify lead firms in various industries. Farmers that are connected to a lead firm 

in a value chain are found to increase production rapidly. This is because the presence of lead firms 

encourages the transmission of best practices and help in the provision of the required production advice 

such as good animal husbandry (Kaplinsky, 2000). 

The global consumption of livestock products has rapidly increased in the past century owing to growth 

in income, population and urbanization (FAO, 2016; Bett et al., 2012). In order to meet the high demand 

for animal products, alternative sustainable sources of protein need to be exploited (Akinmutimi, 2007). 

Among the available options, rabbit (Oryctolagus cuniculus) has been identified as a suitable alternative 

(Mailafia et al., 2010; Hassan et al., 2012; Mailu et al., 2013) owing to its fast growth rate, high 

fecundity, feed conversion efficiency and early maturity. With good husbandry, rabbits can produce 

above 40 kids per annum compared to one calf  per cow and up to two kids in goats (Kitavi et al., 2015). 

In addition, quick and high returns can be earned within a short time of approximately six months from 

the enterprise thus considered profitable. 

Rabbit meat has also been found to be important for people in need of special diets, for example, patients 

suffering from heart-related diseases, diets meant for the aged, diets with low sodium, diets meant for 
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weight reduction, etc. Compared to other types of meats such as beef, pork, and chicken, rabbit meat has 

the highest protein (20.8%) and lowest fat (4.5%) , calorie (795 lb), and cholesterol contents (Van 

Heerden and Mentani, 2010) (Figure 1). The levels of obesity associated with chronic diseases and 

cancer have increased in both developing and developed countries thus affecting food security and 

nutrition (Neumann et al., 2010). 

A study by Mailu et al. (2013) showed that Kiambu, Nyeri and Nakuru were some of the counties in 

Kenya where rabbit farming had increased tremendously over the last couple of years. This increase in 

investment in rabbit enterprise may be attributed to launching of an initiative in May 2011 by the 

government of Kenya to promote rabbit production as an enterprise which can promote food and 

nutrition security and poverty alleviation thus contribute to achievement of Kenyaôs Vision 2030 

(Mutisya, 2014). Some of these counties have shown efforts in supporting rabbit enterprise. For example 

one of the priority areas in Nakuru County Intergrated Development Plan (2013-2017) is promoting and 

improving rabbit keeping.  

Despite the high potential of rabbit farming in Kenya, the sector has not been fully exploited. Although 

past studies have shown that most farmers in Kenya have adopted rabbit farming as a commercial 

enterprise,  there is limited information relating to the rabbit value chain in Kenya. The purpose of this 

study is therefore to map out the rabbit value chain in Nakuru, Kiambu and Nyeri Counties of Kenya, 

document producersô perspectives on rabbit production and marketing, and the challenges encountered 

by farmers. A thorough analysis of the rabbit value chain could facilitate further innovations in the 

production and marketing of this important food commodity. 

Objectives 

The general objective is to analyze the Kenyan rabbit value chain. The specific objectives are as follows; 

1. To characterize the Kenyan rabbit value chain, 

2. To assess the constraints facing rabbit producers in Kenya. 

Methodology 

The study employed a multistage sampling procedure. Three counties (Kiambu, Nakuru and Nyeri,) 

were purposively selected because of high number of farmers involved in rabbit keeping (Serem et al, 

2013). The next step involved listing all the sub- counties in each of the three counties.  One sub-county 

was selected from each county. The sub-counties were selected based on the number of rabbits in each. 

One ward with highest number of rabbits was selected from the selected sub-counties of each county. A 

list of all farmers who practiced rabbit farming was drawn with the help of community elders. The list 

formed sampling frame for the study. The respondents were then sampled from the two lists using 

probability proportionate to size sampling method. Based on the list, 230 rabbit farmers were sampled 

at population level in the three counties. The study also used focus group discussions (FGD) and key 

informant interviews so as to understand the current situation of rabbit farming in the study areas. A 

total of 80 traders were sampled in the three study areas. 

Results and Discussion 

Figure 1, figure 2 and figure 3 provide detailed flow of rabbit and its products along the value chain in 

Nakuru, Kiambu and Nyeri Counties of Kenya. 
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Input source and Production  

The findings of this study revealed that most of the rabbit producers are small-scale rabbit producers in 

the three study areas. More than 50 percent of farmers surveyed in the respective counties had less than 

10 rabbits in their farms. This finding concurs with that of Hungu et al. (2013) and Wanyoike et al. 

(2013) who pointed out that majority of rabbit farmers in the three study areas practice small-scale rabbit 

farming. Majority (more than 60 percent) farmers in the three counties obtained their parent stock from 

neighbouring farmers. Out of the surveyed farmers in Nyeri County, only 5 percent purchased their 

parent stock from Wambugu multiplication station. The low proportion of farmers acquiring their stock 

from the station was attributed to high prices of the breeds. In Nakuru County, some farmers supported 

by county governmentôs department of livestock had high quality rabbits breeds especially the New 

Zealand which they sold to other farmers in the area. Farmers purchased local breeds at an average of 

Ksh. 400 while they bought improved breeds at Ksh.1,250. Improved rabbit breeds in Kiambu County 

were reported to be purchased from Ngong Veterinary Farm and farmers. 

Majority of the farmers in the three study areas fed their rabbits on locally available materials such as 

wild grasses (weeds, legumes), indigenous plants and herbs, cultivated forage (hay), farm crop residue 

(such as potato vines), agricultural by-products and kitchen waste. These materials were reported to be 

easily accessible by farmers from their own farms. Some farmers in all the study areas were reported to 

be mixing locally available feeds with purchased feeds from the shops. This was done to reduce the cost 

of solely depending on manufactured feeds which were viewed as expensive by majority of the farmers 

surveyed. One kilogram of rabbit pellets feed from the shops was sold at an average of Ksh. 50. 

More than 50 percent of farmers in the three regions kept rabbits with the  hope of selling with  Nakuru 

having 52 percent, Kiambu 58 percent and Nyeri 51 percent  anticipating to sell their rabbits. This finding 

agrees with that of Mailu et al. (2013) who found out that about 53 percent of farmers kept rabbits on a 

commercial basis. However, due to poor market linkages, about a third of the farmers interviewed ended 

up consuming their rabbits. The study showed that farmers in Nakuru sold a mature rabbit at an average 

of Ksh. 250 to 267 per kg to consumers, retailers and brokers respectively. As illustrated by Figure 1, 2 

and 3 half of the rabbits produced in Nakuru were sold to the traders with the use of brokers who were 

connected to other market traders. In Kiambu, farmers sold their rabbits at an average of Ksh. 300 to 

350 per kg to consumers, brokers, retailers and wholesalers respectively. Buying prices from producers 

were different in Nyeri where rabbits were bought at an average of Ksh. 200 to  220 to consumers, 

brokers and retailers respectively. Farmers from Kiambu County received higher prices due to 

establishment of a processor in the area by county government but managed by Rabbit Association of 

Kenya (RABAK) who offers higher prices compared to other traders.  

Marketing  

Selling Rabbits at whole sale prices. 

As presented in figures 1, 2 and 3, it is clear that out of the three study areas, Kiambu Count was the 

only one where rabbit farmers had the opportunity to sell to wholesalers. The wholesalers in the area 

offered better prices than retailers and brokers. Farmers were paid an average of Ksh. 350 per kg of live 

rabbit. Payments to farmers were made on the same day and the transaction was done using M-pesa 

services. Wholesalers added value to their rabbits by processing them into meat and sausages which 

were then sold to retail outlets in nearby towns such as Thika and Nairobi. Each kilogram of meat was 

sold at an average price of Ksh. 400. Other by-products such as skin were not processed due to lack of 

tannery in the area. Skin were used as dog feeds or sometimes they were disposed. 
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Retailing 

Retailing is another important component of the rabbit value chain in the three study areas. It is through 

them that majority of the rabbits were able to get to the final actors who are consumers. Majority of the 

retailers were found in the markets which are scattered around the major towns and purchased the rabbits 

either directly from producers or from wholesalers at wholesale prices. The most common main retailers 

in the three counties were Naivas and Tuskys supermarkets and restaurants. The costs that were incurred 

by retailers included purchase of rabbits, transportation, market fees, county government levies and 

storage costs. Two groups of retailers were evident that is, urban and rural retailers. Rural retailers sold 

to rural consumers at an average price of Ksh. 375, 400 and 300 in Nakuru, Kiambu and Nyeri 

respectively. Rural retailers sometimes got rabbits using a broker probably who was not able to sell to 

urban retailer.  Restaurants accounted for more than 60 percent of urban retailers in all the study areas. 

This is where more value was added to rabbit meat by cooking or roasting. 

Consumers 

Demand for rabbit meat among consumers is very high because of its lower fat and higher protein 

contents compared to other forms of white and red meat. The demand for rabbit meat in the study areas 

can be divided into two major groups, urban and rural. It was noted that urban consumers paid higher 

prices as compared with rural counterparts with those in Nakuru paying the highest at an average of Ksh. 

615 per kg of rabbit meat.  

Challenges faced by rabbit farmers 

A summary of challenges facing rabbit producers in Nakuru, Kiambu and Nyeri. This study revealed 

that majority (more than half 58.4%) of farmers in the three counties reported diseases and parasites as 

a major production challenge as illustrated in Table 1 and Table 2.  

Table 1: Production challenges facing rabbit producers 

Challenge    Nakuru (%)  Kiambu (%)  Nyeri (%) 

Diseases and parasites   58.42   74.36   81.25 

Expensive of feed   50.50   20.41   75.0 

Lack of drugs for rabbits  43.56   53.85   43.75 

Lack of extension services  24.75   46.16   40.12 

Theft cases    24.66   15.42   17.26 

Lack of quality breeding stock 59.80   64.23   70.16 

Source: Authorôs survey, 2017 

Table 2: Marketing challenges 

Challenge    Nakuru (%)  Kiambu (%)  Nyeri (%) 

Lack of market   79.21   54.21   62.14 

Low prices    65.35   47.64   26.84 

Lack of access to market information 57.4   31.98   21.02 

Source: Authorôs survey, 2017 

This finding agrees with that of Serem et al. (2013) who found out that 71% of rabbit farmers in Kenya 

complained of diseases as a major challenge. This may be due to lack of well-trained rabbit practitioners 

such as veterinary and extension officers. Existence of expensive feeds was a serious challenge in Nyeri 

with about 75% of farmers citing it as a major problem.  Kiambu County had the lowest proportion of 

farmers facing the challenge. This may be due to proximity of Kiambu farmers to feed manufacturing 

companies such as Chania feeds. Lack of market is a major challenge in the three study areas with 

Nakuru leading with about 79 percent of farmers facing the challenge as presented in Table 2. The results 

indicated that 54 percent and 62 percent of the households surveyed in Kiambu and Nyeri respectively 
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faced the challenge. Lack market in the three areas may be due to lack of access to information as cited 

by 57 percent, 32 percent and 21 percent of farmers in Nakuru, Kiambu and Nyeri respectively.  

Conclusion 

The rabbit value chain was found to have actors who complemented each other. The chain was 

dominated by producers and retailers. It was found out that majority of the farmers in the three study 

areas fed their rabbits on locally available materials. In addition, more than half of the studied households 

kept their rabbits with an aim of selling. However, it was noted that such farmers were being exploited 

by brokers and other actors in the value chain. Diseases and parasites and lack of market were found to 

be among the challenges facing rabbit producers.  

Recommendations 

Based on the findings from this study, more effort should be put in place to ensure that rabbit farmers 

form collective marketing groups or even strengthen the available rabbit groups for to ensure collective 

bargaining of better prices, accessing markets and reducing information asymmetry. In addition, 

resources should be provided to aid in training of extension officers and veterinary officers specialized 

in rabbits. Rabbit diseases and parasites need to be studied and suitable drugs manufactured to deal with 

related problems. The study also found out that farmers are offered different prices by different buyers. 

To address this issue, there is need for price regulation by different county governments so as to reduce 

exploitation of farmers by brokers and traders. There is need for rabbit farmers to adopt improved breeds 

to increase both production and productivity. 
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Abstract 

The Kenyan dairy sector is facing persistent challenges in milk quality over the last decades fuelled by 

limited consumer awareness on quality, processor competition for milk volumes with neglect of quality, 

poor milk handling practices along the chain, and lack of enforcement of quality regulations. Quality 

based milk payment systems (QBMPS) have been successfully used in controlling and improving milk 

quality along the dairy chain in other countries, and this system is currently being piloted in a typical 

Kenyan dairy chain. The main objective of this study is to quantify the public and private costs and 

benefits implementing a QBMPS in Kenya. Data was collected from farmers, Collection and Bulking 

Enterprises (CBEs), processors, consumers, health workers, researchers and secondary sources. The 

costs and benefits of the QBMPS were estimated using various methods that were extensively discussed 

with peer researchers. Our findings show that in cash terms, the farmer is the greatest beneficiary from 

a good functioning QBMPS. His profit is about 2 KES per litre of milk, being the difference between 

his additional costs and benefits per kg of milk if he produces Grade A milk for the QBMPS. By 

participating in the QBMPS, the farmer also benefits from social inclusion, chain integration and 

productivity gains all contributing to business sustainability. On the other hand the CBEs and the milk 

processors both make a loss totalling to 2.5 KES per litre of milk, mainly driven by the huge costs for 

laboratory equipment, additional staffing and training of farmers. Regarding public health, we estimate 

an annual loss of 53,000 healthy life years (Disability Adjusted Life Years) translating to about 850 full 

lives annually in Kenya due to milk related infectious diseases. With a modest commitment of farmers, 

the QBMPS can generate health benefits of about 10 KES per litre of milk as avoided health costs from 

milk related illnesses.  The enormous public health benefits could be used as a justification for public 

and donor investments to support the QBMPS, especially to subsidise and increasing the CBEs and 

processors who currently make a loss from the system, until the system can finance itself. Additionally, 

we recommend farmers to improve their commitment to the system in order to fully reap its benefits. 

Meanwhile, the government needs to strictly enforce milk quality standards and promote the growth of 

the formal sector in order to increase the benefits from the QBMPS. 

Key words; Milk, KES, quality, litre 

Introduction  

Milk quality assurance has been a persistent problem in the Kenyan dairy sector, caught between limited 

consumer awareness on quality, processor competition for milk volumes with neglect of quality, poor 

milk handling practices along the chain, and lack of enforcement of quality regulations. This has led to 

a situation in which safety of dairy products cannot be guaranteed. Milk quality is important to the 

consumer in terms of taste and flavour attributes and its potential impact on health (Bernadette, 2008). 

The per capita milk consumption in Kenya is increasing over the years and it is projected that Kenyaôs 

per capita consumption of milk will reach 220 litre/day by 2030 (DMP 2010), which increases the 

exposure of consumers to health risks due to milk quality. 

Consumers could maintain or rehabilitate their health; and costs imposed on the health care system due 

to poor quality milk can be avoided. Milk quality is also important to processors and food companies 

due to it impacts on product yields, consistency and shelf life, thus affecting profit margins and market 

access (Caswell, 1998). Hence, increased attention is recently being paid on milk quality and safety of 

dairy products in Kenya. This is evidenced by the quality based milk payment systems (QBMPS) piloted 

by a few processors. 
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Consumption of poor quality milk is known to be hazardous in various ways for instance it may contain 

foodborne pathogens which can cause several diseases with various effects on humans (Tegegne and 

Tesfaye 2017; Fernandez et al 2017).  For instance the high presence of aflatoxins in Kenyan milk, which 

originates mainly from maize and maize silage, has been shown to cause cancer and fertility problems 

in consumers (Mutiga et al., 2015; Peng and Chen, 2009). In addition abusive use of hydrogen peroxide, 

as milk preservative that is banned in Kenya, can cause irritation of the gastrointestinal and respiratory 

tracts showing various symptoms that could lead to a coma and even death (Watt et al., 2004).  

Quality based milk payment systems have been successfully used in controlling and improving milk 

quality along the dairy chain (Paġiĺ et al. 2016; Garcia Botaro et al, 2013). In order to achieve a safe 

quality of dairy products, all actors along the dairy chain have to play an important role; input providers 

have to comply with standards, such as producing aflatoxin-free feed; dairy producers need to source 

inputs from approved suppliers and improve animal husbandry and milk handling; cooperatives need to 

minimize collection time and install cooling facilities, build laboratory facilities for milk testing, and 

train milk graders; processors need to invest in laboratory facilities and staff as well as in trainings and 

extension, regulators need to enforce the respect of quality standards along the chain, just to name a few. 

This implies that there are many actors involved in a Quality Based Milk Payment System (QBMPS) 

chain. Each player incurs various costs and/or sustains various benefits, some of which are private 

(business) and others public in nature. 

Objectives of the study 

The main objective of the study was to quantify the public and private costs and benefits of the 

implementation of a QBMPS in Kenya, as piloted by the processor Happy Cow. 

Specific Objectives:  

Calculating the costs and associated benefits of improving the quality of milk for the farmers, 

cooperatives and processors. 

1. Assessing the public health benefits related to reduced incidence of milk related illnesses as a result 

of improved milk quality. 

2. Providing recommendations on considerations needed in order to upscale the QBMPS.  

Description of the analysed QBMPS  

Happy Cow, a dairy processor in Nakuru, Kenya has started applying a QBMPS for milk sourced mainly 

from smallholder dairy farmers through cooperative bulking centres. Next to the regular in-company 

costs related to integrating such a system, farmers and Collection and Bulking Enterprises (CBEs) are 

being convinced by Happy Cow about the benefits of quality milk, and are motivated to invest in quality 

assurance, with a bonus payment scheme as incentive. This study seeks to quantify the ï public and 

private - costs and benefits of the major players (farmers, cooperatives, processors and consumers) of a 

QBMPS, so as to determine its prospects of being scaled up in Kenya. 
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Box 1 - What is a Quality Based Milk Payment System? 

In a Quality Based Milk Payment System, payment for milk is not only based on volume, but also 

on a number of quality standards, be they microbial and/or physicochemical. The QBMPS as applied 

by Happy Cow gives smallholder farmers an opportunity to earn bonuses on top of the normal milk 

prices for milk that meets the set standards. Parameters used are: total plate count, presence of 

antibiotics residues, adulteration, and total solids (including fat & protein). Happy Cow works with 

milk Collection and Bulking Enterprises (CBEôs) who collect milk from their smallholder members 

in Nakuru and Nyandarua Counties. Happy Cow developed its own standards, which were lower 

than the KEBS industry standards, but considered more realistic and attainable by smallholder 

farmers and CBEs, as shown in Table 1. 

Table 1: QBMPS and KEBS Standardsÿ 

Test Grade QBMPS 

Standardÿ 

KEBS 

Standards 

Premium/pe

nalty score 

Total plate count 

(units in cfu/ml) 

A 0 - 2,000,000 <200,000 50 

B 2,000,001 -

10,000,000 

200,000 - 

1,000,000 

0 

C >10,000,001 >2,000,000 -50 

Antibiotics residue All  Negative Negative 15*  

Freezing point All  -0.500- -0.525 to -0.565 20# 

Total solids All  >11% >11.75% 15# 

♄ Premium or penalty score given to milk of the corresponding to the QBMPS standard (column 3);  

*positive milk is rejected; #otherwise a 0 score;  ÿSource: Happy Cow. 

In the QBMPS, milk samples are collected and analysed daily for all the above mentioned 

parameters. In order to reduce the costs for testing, about 5 ï 10 farmers are grouped such that their 

supplied volumes add up to fill a can of 50 kg. These farmers are maintained in the same groups to 

assure continuity and consistency in the payment system. Sampling is done randomly to assure that 

each can is tested twice a month for the above mentioned parameters. Results are employed in the 

following payment module (Table 2). 

 

Table 2: Payment modules employed  

Grade Total score * Payment Amount (KES) 

A 70-100 Premium +2 

B 40-69 Standard +1 

C <40 Penalty 0 

* Calculated by summing the scores from Table 1. 
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Overview of the costs and benefits of the QBMPS 

Data was collected from farmers, CBEs, processors, consumers, health workers and researchers. This 

was complemented with secondary data, combined with interviews. The costs and benefits of the 

QBMPS were estimated using various methods that were extensively discussed with peer researchers.  

Private costs and benefits 

The private costs & benefits include the costs and benefits for farmers, CBEs and processors as relevant 

business entities.  

Costs and benefits to farmers 

In analysing the costs and benefits, it was assumed that different farmers would make dissimilar levels 

of investments into the QBMPS, which would also reflect in their benefits. Four milk quality levels were 

considered with three targeting Grade A, B and C milk, and one targeting milk of a mix of levels A, B 

and C. The additional costs (investments) and benefits to farmers are shown in Table 3. 

Table 3: Additional costs and benefits for various farmer categories using the QBMPS 

  Unit  Additional costs and revenue per litre 

for different milk grades 

Per farm 

per day for 

    Grade A Grade B Grade C Mixed  Grade A 

Milk quantity considered Litre 1 1 1 1 10.71 

QBMPS payment KES 2 1 0 0.5 21.42 

Revenue from forgone milk rejection 
# 

KES 1.86 1.09 0 0.6 19.87 

ADDITIONAL REVENUE KES 3.86 2.09 0 1.1 41.29 

Additional feed costs KES 0.15 0.15 0 0.07 1.56 

Milk equipment costs KES 0.08 0.08 0.08 0.08 0.85 

Water costs KES 0.17 0.08 0.08 0.08 1.8 

Housing costs KES 0.53 0.53 0 0.35 5.71 

Additional time for cleaning and 

attending trainings 

KES 0.62 0.33 0.04 0.25 6.64 

ADDITIONAL COST KES 1.55 1.17 0.20 0.83 16.56 

Additional profit/loss KES 2.31 0.92 -0.20 0.27 24.73 

 

*  Mixed milk was a scenario made to illustrate the situation of hesitating farmers who are about 50% 

committed and who venture into but never really commit to implementing the changes required by the 

QBMPS. 

# The revenue from forgone milk rejection considers farmer benefits due to reduced rejection of milk by 

the processor. It is estimated that farmers targeting Grade A milk can reduce milk rejection rates to 0.5% 

compared to a rejection of 5.8% for those in Grade C category. If this is applied to the average daily 

sales of 10.71 litre, the farmer can make an additional income of 19.87 KES per day from the forgone 

revenue loss due to poor milk quality. 
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Key benefits per farmer category 

¶ At the current market price (of 35 KES), an average farmer incurs an additional costs of 1.55 

KES per litre of milk in order to continuously meet the standards for a premium payment of +2 

KES (grade A milk). The same farmer also gets an additional 1.86 KES as revenue from forgone 

milk rejection, giving him a profit of 2.31 KES per litre of milk. 

¶ A farmer who continuously meets the standard for Grade B milk incurs an additional cost of 

1.25 KES and gets a benefit of 2.09 KES, which comes from 1 KES for quality payment and 

1.86 KES made by a forgone loss of income due to milk rejection. This gives him a net profit 

of 0.92 KES per litre of milk. 

¶ Because there is no extra payment for farmers with Grade C milk, they make a loss of -0.20 

KES per litre of milk due to inevitable costs they incur in order to be paid following the QBMPS 

scheme. Therefore, being part of a QBMPS without having a full commitment would lead to a 

loss. 

¶ Most farmers are not consistent with their investments to the QBMPS and have a fluctuating 

milk quality that ranges from grade A to grade C, represented by a ñMixedò quality in Table 4. 

They tend to limit their investments in the QBMPS and as such do not always get the premium 

price. Such farmers have a net profit of 0.27 KES per litre of milk, which is less attractive than 

the profits made by farmers constantly supplying Grade A and Grade B milk. Because this 

amount is small, it might not be noticed by such farmers and could lead to dissatisfaction with 

the system.  

¶ The higher the investments by farmers, showing their level of commitment, the higher their 

profits. In order to attract more benefits from the QBMPS, it is advisable for farmers to be more 

committed by being optimal and consistent in their investments. 

Additional benefits 

¶ Social/business inclusion: Another benefit of this form of the QBMPS - designed for 

smallholders - is the ability to enhance their inclusion into higher value dairy supply chains. Due 

to their small quantities and their quality issues, they are likely to be excluded from a formal 

dairy chain. The QBMPS gives the smallholder farmers a chance to sell their milk at a 

competitive price through a reliable market channel.  

¶ Chain integration: The QBMPS encourages grouping of farmers and the organisation of the 

system strengthens both horizontal and vertical integration along the dairy chain, making it more 

robust. This also gives them an advantage of becoming more trustful business partners attractive 

to other actors such as input suppliers, financial institutions etc. 

¶ Productivity gains: Farmers practicing the QBMPS receive a lot of training, including animal 

husbandry and feeding. These good practices will contribute to improved milk quality, and 

might well lead to higher production volumes. Costs and benefits to the CBEs and processor 

Costs of the CBEs and processor 

Figure 1 shows the costs per kg of milk for various investments of the processor and the CBEs in the 

QBMPS. The annual depreciation was used as a cost for fixed investments. All annual costs were divided 

by an average daily milk intake of 9,000 kg milk (actual levels) to get the cost per litre. The processor 

spends an average of 3.05 KES per litre and the CBE about 0.56 KES per litre of milk that goes through 

the QBMPS.  
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Looking at the processorôs costs, about 40% of the total costs were used for consumables in the 

laboratory, while 20% of the costs were used for hardware and about 15% each for training of farmers 

and benefits for project staff. Interestingly, only 8% of the total costs was used in bonus payments to 

farmers. For the CBEs, 90% of costs were on staffing, while the other 10% was almost equally 

distributed between laboratory consumables and software development. These figures show that in terms 

of costs, in the Kenyan context involving smallholders, building a QBMPS is a lot more about equipping 

laboratories, paying for lab consumables, training farmers and paying staff, rather than about paying 

bonuses to farmers.  

 

 

Figure 1: Costs for processors and CBEs 

Benefits to the Collection & Bulking Enterprises 

An average of 41 KES is paid to the CBEs by the processor per kg of (bulk) milk collected. It should be 

noted that the bulk milk will be a mixture of Grades A ï C milk and that the CBE receives a fixed add-

up of 6 KES to the farmers milk price, which is independent of the milk quality.  

Based on discussions with the CBEs, it was evident that the QBMPS brought about huge reductions in 

the proportion of milk that was rejected by the processor. Milk rejected by the processor is not paid for, 

leading to a loss of 35 KES to the farmer and 6 KES to the CBE per litre of rejected milk. Meanwhile, 

milk that is rejected at the CBE is returned to the farmer. The milk rejection levels for different grades 

of milk were estimated using information from the CBEs. Table 4 shows the losses which the CBE 

would make, assuming that all the daily milk collected were of a target grade (for example Grade A), in 

comparison to a situation where all the daily milk were Grade C. If the CBEôs farmers only provide 

Grade A milk instead of Grade C milk, the CBE would make an extra benefit of 0.32 KES per litre of 

milk. In the same way, the CBE will make a benefit of 0.19 KES/litre if all farmers deliver Grade B milk 

and 0.10 KES/litre for Mixed milk. 

As is the case with farmers, the increased milk production from productivity gains will also be translated 

into higher milk intake by the CBE leading to a higher total daily margin to the CBE. 

Table 4: Costs and Benefits to the CBE and processor due to reduced milk rejection  

  Grade A Grade B Grade C Mixed 

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

Processor CBE

Costs for the processor and  CBE

Hardware

Bonus payments

Consumables especially in the lab

analysis

Software development

Farmers training

Project management/staffing
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CBE     

Total CBE cost per kg of milk 0.56 0.56 0.56 0.56 

CBE benefit per kg of milk as forgone milk 

rejection (compared to Grade C milk) (KES) 0.32 0.19 0.00 0.10 

Profit/loss of CBE -0.24 -0.37 -0.56 -0.46 

Processor     

Total processor cost per kg of milk 3.05 3.05 3.05 3.05 

Processor benefit per kg of milk as forgone mis-

production and milk returns* (KES) 0.93 0.74 0.00 0.52 

Profit/loss of processor -2.12 -2.31 -3.05 -2.53 

 

*Calculated as additional revenue from sales of finished products which the processor will get due to 

forgone product returns and under production when using the target Grade of milk compared to Grade 

C milk 

When poor quality milk is processed, the chances of losing batches of the product are higher than when 

good quality milk is used. For example, the fermentation of yogurt and cheese may be hindered by the 

presence of antibiotics in milk. Also, products from milk of poor quality might get spoilt before their 

envisaged shelf life and as a result the milk is usually returned to the processor. The QBMPS has the 

potential to reduce such occurrences, thus giving the processor an average benefit of 0.93 KES per litre 

of received milk (Table 4).  

Public health costs and benefits 

DALYs 

To determine the burden of various milk-borne diseases on public health, Disability Adjusted Life Years 

(DALYs) were calculated. Table 6 indicates the incidences of milk related infectious diseases per year. 

These incidences are based on the current population of 48,46 million (Kenya Dairy Board, 2017; World 

Bank, 2017) and on an estimation of the cases of infectious diseases that are caused by poor milk quality.  
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Table 5: Incidences and DALYs of milk related infectious diseases in Kenya 

 *Incidence 

(cases/year) 

#DALY (years) 

Tuberculosis 3,392 16,045 

Brucellosis 28,107 19,259  

Listeriosis 8,238 3,521 

Salmonellosis 26,653 563 

E.coli infections 23,745 2,089 

Campylobacter infections 2,423 10,694 

Coxiella burnetti  1,890 922 

Total  53,093 

*Source: KDB, #Source: Own calculation. NB: These incidences are based on an estimation of 

incidences of infectious diseases caused by poor milk quality. However, since proper microbiological 

research on the cause of infectious diseases is often lacking, it cannot be said with certainty that all these 

incidences are indeed caused by poor milk quality.  

The table shows that the impact of brucellosis is substantial. This is mainly because brucellosis is 

transmitted to a large extent of the population at the same time and because the duration of the illness is 

relatively long. The DALY for brucellosis is 19,259, which means that each year in the total population 

19,259 healthy life years are lost due to brucellosis. On the contrary, although salmonellosis occurs more 

frequently, because of the low mortality rate and the short duration of the illness, only 563 healthy life 

years are lost each year. Campylobacter has a high DALY primarily because young children are 

vulnerable to this illness and the mortality rate is high. Tuberculosis also occurs frequently and has a 

relatively high DALY, particularly due to the higher severity for HIV positive patients.  

In total, as estimated 53,093 healthy life years are lost annually in Kenya due to milk related infectious 

diseases. Considering an average lifespan of 62.13, this gives us an average loss of 855 full lives per 

year due to milk related infectious diseases. It should be noted that due to lack of reliable information 

on the losses due to use of antibiotics, mycotoxins and harmful preservatives like hydrogen peroxide, 

they have not been considered in the above calculations. 

Direct and indirect public health costs  

Direct costs are all costs related to diagnosis and treatment of a particular illness. For antibiotics residues, 

aflatoxins it is more difficult to estimate the direct costs, as these residues can cause various effects, 

hence it is are discussed separately.  

  




































































































































































































































































































































































