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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 – 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 are 
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. An aging farming community, climate 
change and its complex relationships with livestock production systems, and low investments in 
agriculture are other emerging trends for consideration. Worse though, the global COVID-19 
pandemic has slowed down world economies. Without urgent socio-economic responses, the 
global suffering will escalate, jeopardizing lives and livelihoods for years to come. Immediate 
development responses in this crisis must be undertaken with an eye to the future. Development 
trajectories in the long-term will be affected by the choices Kenya make now. Investment in the 
productivity of the livestock sub sector to feed our people is urgent, more than ever. 

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 producers’ 
livelihoods, and to the food security. This is well articulated in the government development blue 
print – generally - prioritized and summarized as THE BIG FOUR. However, unmanaged increases 
in livestock production could also result 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 – including land, financing, appropriate 
genetic resources, feeds, and animal health services - as well as markets. 

The APSK 2021 scientific symposium provided an 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 “Livestock Transformation Agenda: 
Towards Climate Smart Livestock Production Systems”. This was the first-ever virtual scientific 
symposium in the history of APSK meetings. The virtual symposium platform opened an excellent 
opportunity for budding scientists and practitioners, and established inclusivity paths. The platform 
offered more flexible participation options and new opportunities for early-career scientists to 
engage, network, form research collaborations, exchange cutting-edge ideas and results. 

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 symposium 
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participants. 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. The APSK does not necessarily share the views expressed in this 
proceeding; responsibility for its contents rests entirely with the authors. It is our hope that the 
APSK 2021 scientific symposium proceedings will provide useful reference material for those 
interested in understanding the major trends and associated issues covered during the scientific 
conference. 

 
 
Samuel M. Mbuku, PhD 
Chairman, Animal Production Society of Kenya 
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SPEECH BY DR CHRISTOPHER WANGA, EBS DIRECTOR LIVESTOCK POLICY 
RESEARCH AND REGULATIONS  

DURING THE ANIMAL PRODUCTION SOCIETY OF KENYA SYMPOSIUM AT 
KYAKA HOTEL MACHAKOS , OCTOBER 2021 
 
Principal Secretary, Mr Harry Kimtai 

Director Livestock Production, Mr Bishar Elmi 

Chairman APSK, Dr Samuel Mbuku 

 
Guest of Honour 

I wish to recognize the Chairman and members of the Animal Production Society of Kenya for 
organizing this important symposium in 2021 since that brings together stakeholders from the 
public and the private sector to deliberate on solutions, partnerships and capacity building 
committed to the growth of the Livestock Sector.  

Globally, the Livestock Sector is central to achieving many of the Sustainable Development Goals 
(SDGs) and directly contributes to most of them.  About 1.3 billion people in the world depend on 
livestock for their livelihood. The Livestock Development Strategy for Africa (LiDESA) 2015-
2035, estimates that the demand for livestock products will increase by two to eightfold by 2030 
to 2050.  The growing demand for livestock products in developing countries is driven by 
population growth, higher incomes and urbanization. This presents a huge opportunity for 
hundreds of millions of poor smallholder livestock producers, processors and marketers, many of 
whom are women and youth, to meet that market demand, improve livelihoods and rise out of 
poverty. The predicted  “Livestock Revolution” (global increase in demand for food of animal 
origin) presents a great opportunity for Africa.  

Guest of Honour 

This Symposium theme could not have come at an appropriate time when focussing on climate-
smart technologies which can establish sustainable livestock production practices to mitigate 
drought effects. I congratulate this forum that aims to share current scientific knowledge and expert 
perspectives on the important role of animal production and animal protein in a sustainable food 
system while exploring opportunities and addressing challenges for the future. It is my hope that 
the Symposium will have resolutions on the following themes to assist the Sector in addressing 
contemporary challenges: 

 Sustainable Production 
 Nutritional and Health Implications of Animal Protein 
 Farmer Perspectives & Priorities 
 Innovation, Research and Development to Support Sustainable Production 
 Socio-Economic Development and Livestock Farming in Kenya 
 Consumer Perceptions of Livestock Farming 
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Guest of Honour 

I wish to challenge members of the APSK to ensure in their individual capacities and through the 
association to always tackle issues and avoid personality wars that do not yield much for 
themselves or the Sector. It is important that all members of APSK audit their performance in their 
respective life stations to ensure that at all times they must add value in whichever endeavours 
they are involved in.  

Guest of Honour 

I wish to assure the APSK membership and stakeholders that on behalf of the Principal Secretary 
State Department for Livestock, I shall be engaging the Chairman so that we can process the 
Animal Production Professionals and Technicians Bill through stake holding and a national 
validation by December 2021.  
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REMARKS BY THE DIRECTOR OF LIVESTOCK PRODUCTION DURING THE 
OFFICIAL OPENING OF THE ANIMAL PRODUCTION SOCIETY OF KENYA 
SCIENTIFIC SYMPOSIUM AND AGM FROM 12TH TO 14TH OCTOBER 2021 

The Chief Guest, the Principal Secretary for the State Department for Livestock, Mr. Harry Kimtai, 
the Directors Present, Development Partners, Symposium Sponsors including World Animal 
Protection (WAP), Diamond V and Synergy, Farmers, Students and all the stakeholders; 

It gives me a great pleasure to be here with you during this important forum which provides a 
unique opportunity for professionals and stakeholders in the livestock industry to come together 
to share ideas, research findings, innovations and experiences.   

The guest of honour sir, am aware that APSK is guided by a vision of striving to be the leading 
society for professionals towards sustainable livestock development, food security and wealth 
creation.  

Indeed, since its formation in 1968 and subsequent registration as a society in 1969 as a branch of 
the East African Animal Production Society, it has lived focused on achieving its vision.  

The guest of honor Sir, at the national level, the livestock sub-sector contributes about 12 % to the 
gross domestic product (GDP) directly and indirectly. It also accounts for over 30% of farm gate 
value of agricultural commodities.  Livestock production is a major economic and social activity 
for the communities that live in both the high rainfall areas for dairy production and in the arid and 
semi-arid areas (ASALs) for meat production. 

The guest of honor sir, our directorate has been at the forefront in support of public-private 
partnerships and the formation of associations. This, we do througth the creation of enabling 
environment that encourage and provides level playing ground through policy formulation, 
development of strategies, guidelines, quality standards and operating procedures. The latest in 
this line is development of the range management and pastoralism strategy 2021.   

The guest of honour sir, at the global arena, Kenya subscribes to the 17 sustainable development 
goals (SDGs), which came into effect in 2015. Of the 17 SDGs, 5 are of most relevance to the 
growth of the agriculture sector namely; SDGs1: End poverty in all its forms everywhere, SDG2: 
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. 

Indeed, attainment of these SDGs requires building of formidable partnerships with development 
partners, private sector, associations and societies. APSK offers a reliable platform through which 
such partnerships can be actualized as one of its key objectives to establish and strengthen linkages 
with relevant institutions and organizations nationally, regionally and internationally.  

Guest of honour sir, allow me to thank the organizers of this year’s APSK symposium for coming 
up with a relevant theme, “Livestock Transformation Agenda: Towards Climate Smart Livestock 
Production Systems,” which captures and depicts the current conditions and global trends. In 
addition, the enactment of the Animal Production Professionals’ Bill, which currently is a GoK 
bill, will further entrench the society and boost its capacity to execute its mandate. It is indeed my 
honour to assure them of our continued support. 
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Ladies and gentlemen, with those few remarks, allow me now to take this opportunity to welcome 
the guest of honour, Mr. Harry Kimtai, to officially open this Symposium and AGM. 

Welcome Mr. Guest of honour sir 
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SPEECH BY THE PRINCIPAL SECRETARY, STATE DEPARTMENT FOR 
LIVESTOCK AND CHIEF GUEST DURING THE OFFICIAL OPENING OF THE 

ANIMAL PRODUCTION SOCIETY OF KENYA 2021 SCIENTIFIC SYMPOSIUM IN 
OCTOBER 12-14, 2021 

 
Director Livestock Production, Bishar Fille Elmi 

Director Livestock Policy Research and Regulations, Dr. Christopher Wanga 

Chairman Animal Production Society of Kenya, Dr. Samuel Mbuku 

Distinguished Guests, 

Ladies and Gentlemen, 

It gives me great pleasure to be with you today, to officiate this special occasion of the Animal 
Production Society of Kenya (APSK) Scientific Annual Symposium 2021. The occasion provides 
a unique opportunity for the Animal Production Professionals, farmers, pastoralists, development 
partners, academia, public and private service providers and stakeholders in the Livestock Sector, 
to share their work and help shape the emerging national agenda on a wide range of livestock 
production issues. The timing and subject are critical, coming at a time when Kenya – through the 
Big Four agenda - seeks to balance overall economic growth with the challenges of Covid-19 
pandemic, ongoing drought, feeding a growing population, and using its natural resources 
effectively without harming its environment. There is no doubt that practical innovations are 
needed to meet these challenges.  Mr. Chairman, I thank the APSK leadership for making this 
happen during these challenging times. You are truly patriotic.  

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 African Union Development 
Agency-NEPAD (AUDA-NEPAD), and the renewal of the CAADP commitments in 2014 through 
the Malabo declaration in which the African heads of state resolved to; 

 Enhance investment finance in agriculture at 10% of public spending targets, 

 End hunger by 2025, 

 Half poverty by 2025, through inclusive agricultural growth and transformation, 

 Boost intra-African trade in agricultural commodities and services, and 

 Enhance accountability to actions and results. 

Ladies and Gentlemen, 

The livestock industry is a key driver of Kenya’s economy. It is crucial in enabling Kenya attain 
the ultimate goal of becoming a ‘middle–income’ Country by the year 2030. Moreover, the sector 
employs close to 50% of Kenya’s 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 12% of the entire GDP and 42% of the agricultural 
GDP. It also supplies the domestic requirements for meat, milk and dairy products, and other 



 

 

 

xiv 
 

Livestock Transformation Agenda: Towards Climate Smart Livestock Production Systems  
 

livestock products and accounts for 30% of the total marketed agricultural products. The sector 
earns the Country substantial foreign exchange through export of animals, hides and skins, dairy 
products and some processed products. 
 
Ladies and gentlemen, 

At the national level, Kenya’s Vision 2030 remains the economic blue print to guide the country’s 
development agenda in the coming years. The aim of Vision 2030, is to create “a globally 
competitive and prosperous Country with a high quality of life’’. In the vision, agriculture and 
livestock sectors are envisaged to be innovative, commercially-oriented and modern. 

Ladies and Gentlemen, 

The Agriculture Sector Development Strategy (ASDS) of 2010 to 2020 which was developed to 
guide the contribution of the agriculture sector to Vision 2030, has undergone a 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, 

Agriculture Sector Transformation and Growth Strategy 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 “Big Four” priority areas 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. 

 
Moreover, the gap between supply and demand of livestock and livestock products is expected to 
widen in the foreseeable future. Therefore, Animal Production Professionals have a critical role to 
play in the actualization of the Big Four Agenda and bridging the gap between supply and 
demand. 

Ladies and Gentlemen, 

Besides the foregoing, the lack of consistent, integrated strategies that focus limited resources on 
identified and attainable goals remains a major constraint to livestock development. There is 
obviously a need for an effective policy framework that will optimize development resources and 
provide the necessary support and economic environment to allow a country's livestock resources 
to express its potential. 
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Recognizing the challenges and the opportunities, the Ministry embarked on a lengthy, inclusive, 
participatory and truly consultative process that reviewed the Session Paper No 2 of 2008 on 
National Livestock Policy. It is expected that the policy changes envisioned in the reviewed 
Livestock Policy 2020 will revitalize the livestock sector and guarantee sustainability of livestock 
farming as a major economic thrust in the country. The Livestock Bill 2021 which is under 
development in Parliament will provide enabling environment for the development and regulation 
of the livestock sector. Let us ALL support it. Furthermore, the Livestock Master Plan (LMP), 
which is at an advanced level of development, aims to identify investment options in livestock 
value chains through evidence-based sector analysis. We must all participate. I am aware the 
Animal Production Society of Kenya (APSK) fraternity is represented in all these initiatives. 
Thank you, Mr. Chairman. 

Ladies and gentlemen, 

As you are aware, APSK draws its membership from Ministries, Departments and Agencies; 
Research Institutions, Universities and the private sector, and to date has an active membership of 
about 500. 

The objectives of APSK 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; and will contribute greatly towards the realization of the “Big Four’’ 
development agenda. Therefore, a highly skilled human resource is required to provide services at 
all levels of the livestock value chains development. 

Ladies and gentlemen, 

The APSK has faced many challenges including a low capital-base and lack of a legal statute for 
the registration, licensing and regulation of Animal Production Professionals and Technicians in 
Kenya. However, the biggest challenge is the perception that: “Anyone can do Animal 
Production”. 

Ladies and Gentlemen, 

To ensure that Animal Production is increasingly seen as a true, top-notch profession, coupled 
with the critical role it plays in the livestock industry, the development of the Animal Production 
Professionals and Technicians Bill, 2021 is timely and welcome.  

The Bill, once enacted into Law, will provide for the training, registration and licensing of Animal 
Production Professionals and Technicians; and ensure proper regulation of the standards and 
practice of the Animal Production profession. 

This will eventually bring sanity to the practice of Animal Production and, advise the Government 
on matters relating to Animal Production, prescribe the curriculum of instruction and courses, 
approve and oversee continuous professional development and facilitate internship programs. 
Working closely with APSK and other stakeholders, the Ministry will fast-track this proposed law. 

 

 

Ladies and Gentlemen, 
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The theme of Animal Production Society of Kenya 2021 Scientific Symposium and Exhibition – 
“Livestock Transformation Agenda: Towards Climate Smart Livestock Production Systems’’ is 
apt.  

In line with the Symposium theme, there will be presentations of research findings and topical 
discussions. The theme will further give impetus to the realization of the Vision 2030, ASTGS, 
SDGs, and the ‘’Big Four’’ Agenda. 

Ladies and Gentlemen, 

I am aware that the finalization of the Animal Production Professionals and Technicians Bill, 2021 
and the implementation of APSK 2018-2022 Strategic Plan, require substantial resources.  I want 
to assure APSK leadership and its members that the Government through the State Department 
will continue to support the Society. 

Ladies and Gentlemen, 

I look forward to receiving a copy of the proceedings for this meeting. It is now my pleasure to 
declare the 2021 APSK Scientific Symposium officially open. 

Thank You Very Much and May God Bless You  
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POLICY, VALUE CHAINS, MARKETS, AND OTHER CROSSCUTTING ISSUES 
AFFECTING LIVESTOCK PRODUCTION   

 

Kenya Livestock Master Plan: Transforming the Livestock Sector Through Evidence-
Based Decision Making 

 

Wanga, C.*; Kamau, J; and Gachukia, M 
 

Ministry of Agriculture, Livestock, Fisheries and Cooperatives, 
State Department for Livestock - Directorate of Policy Research and Regulations, 

P.O. Box 34188, 00100 Nairobi 
Corresponding author: chriswanga1@yahoo.com 

 
Abstract  

The Livestock Sector plays an important role in Kenya’s economy with a direct contribution of 
about 12 percent to the National Gross Domestic Product while accounting for over 30 per cent of 
the total marketed agricultural produce. The Sector earns the country substantial foreign exchange 
through export of livestock and livestock products. It employs about 50 percent of the country’s 
Agricultural Sector labour force. The Sector also contributes substantial earnings to households 
through the sale of livestock and livestock products and provides raw materials for agro-based 
industries. The potential contribution of livestock to the Kenyan economy may be larger than 
currently estimated but can be more accurately estimated by proper analysis of credible data that 
inform evidence-based investment strategies and action plans. A Livestock Master Plan (LMP) 
that contains accurate data and information on livestock resources and the available investment 
options based on competitive advantages is very essential for the sector to crowd in private sector 
investments. Digitized sector data shall be packaged into usable information at all levels of 
government, private sector and farming community.  The overall objective of the National 
Livestock Master Plan (LMP) is to develop a Livestock Sector information repository and an 
investment road map to guide the development of a sustainable Livestock Sector and attract more 
substantial and better targeted Livestock Sector investments from government, development 
partners and private sector investors. 
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Range Management and Pastoralism Strategy: Guiding the Way Towards Restoration for 
Improved Livelihoods 

 

Bishar Fille Elmi, Blaise P. Okinyi 
 

Ministry of Agriculture, Livestock, Fisheries and Cooperatives 
State Department for Livestock, Directorate for Livestock Production 

P.O. Box 34188, 00100 Nairobi 
Corresponding author: Bishar_fille@yahoo.com 

Abstract 

The Kenyan rangelands are poorly developed and currently characterized by frequent and 
prolonged droughts, flooding, land degradation, invasive species and low rainfall resulting in high 
incidences of poverty and malnutrition requiring frequent relief assistance. The situation has been 
worsened by increasing human population, consequent shrinkage of the rangeland resource base 
and rural urban migration in search of alternative livelihoods. Despite this, the rangelands support 
more than 10 million (36 %) of the human population, 70% of the country’s livestock herd, and 
home to 85% of total wildlife population. Around 70% of the human population is primarily or 
partially dependent on livestock. The Range Management and Pastoralism Strategy (RMPS) is a 
positive step towards the realization of this need, and more so, clearly links to the need for climate 
change adaptation and mitigation for better livelihoods, which is part of Kenya’s obligation as a 
signatory to the United Nations Framework Convention on Climate Change. The strategy has clear 
objectives of reducing land degradation while increasing land productivity; sustainably exploring 
the existing natural resources, development and adoption of appropriate technologies; support 
enterprises development and marketing of products; and promotion of other sustainable livelihoods 
in the rangelands besides livestock production. The strategy provides a clear road map for 
implementation, coordination, and strategic partnerships needed and roles that if well 
implemented, the vibrancy of the rangelands contribution to the Kenyan economy will be achieved. 
The broad objective of the strategy is to provide an effective framework for strengthening 
institutions to develop sustainable interventions, mitigation and adaptation measures that preserve, 
protect and sustain the productivity of the rangelands while safeguarding the livelihoods of the 
pastoralists and other communities within. 

Keywords: Rangelands; Pastoralism; Sustainable livelihoods; Adaptation 
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The Draft Animal Production Professionals and Technicians Bill 2021 
 

Mbuku, S. M.  
 

Kenya Agricultural and Livestock Research Organization, Veterinary Science Research Institute, 
Muguga North, P.O. Box 32, 00902 Kikuyu, Kenya 
Corresponding author: sambuku2002@yahoo.com 

Abstract  

The draft Animal Production Professionals and Technicians Bill 2021 is for an Act of Parliament 
to provide for the training, registration and licensing of Animal Production Professionals and 
Technicians; to provide for the regulation of the standards and practice of the Animal Production 
profession and for connected purposes. The proposed law will establish a Board to be known as 
the Animal Production Professionals and Technicians Board. The object and purpose for which 
the Board is established shall be to exercise general supervision and control over the training, 
registration and licensing of animal production professionals and technicians, provide for the 
regulation of the standards and practice of the animal production profession in Kenya and to advise 
the Government in relation to all aspects thereof. Specifically, the Board will (a) advise the 
Government on matters relating to animal production training, research, practice and employment, 
animal feed standards and safety, animal production tools and equipment, animal genetic resource 
management, range management, marketing of livestock and livestock products and other issues 
relating to production of foods of animal origin; (b) prescribe in consultation with such training 
institutions as the Board may approve, the curriculum of instruction and courses of training for 
persons seeking registration under this Act; (c) prescribe the personnel and physical facilities for 
training of persons seeking registration under this Act; (d) consider and approve the qualification 
of animal production professionals for the purpose of registration under this Act; (e) license and 
regulate animal production extension service providers, animal production consultants and animal 
production input suppliers; (f) develop and publish a code of ethics which shall be binding on all 
registered persons; (g) regulate the professional conduct of registered persons under this Act, and 
take such disciplinary measures as may be deemed appropriate to maintain proper professional 
standards; (h) approve, oversee continuous professional development and facilitate internship 
programmes; (i) register and maintain a register of all persons registered under this Act; and (j) 
hear and determine such matters placed before the Board as may relate to the professional conduct 
of animal production professionals and technicians. 

Keywords: Bill, registration, licensing, Board, professionals, technicians 
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Abstract  

Antimicrobials especially antibiotics are fundamental to animal and human health and care must 
be taken to preserve their efficacy. Antimicrobial resistance (AMR) has grown rapidly in the recent 
past and is a ticking time bomb, that requires immediate and multisectoral action to overcome it. 
Since 1950s there has been a rapid growth in the demand and production of food animals. This 
increase in demand has been accompanied by high level of intensification and high use of 
antimicrobials to control health and production of these animals. Currently, it is estimated that 
about 73% of the total antimicrobials manufactured in the world are used in animal production 
either to treat diseases or to enhance performance. Some antimicrobials such as tetracyclines, 
penicillin and sulfonamides used in the animal industry are also used in human medicine to treat 
various infections. It is estimated that the number of antimicrobials used in food animals will 
increase from 131,209 metric Ton (MT) in 2013 to 200,235MT in 2030 which represents a 53% 
increase.  A current study conducted to investigate the use of antimicrobials in poultry layer farms 
in Kenya revealed that up to 63% of farmers have used an antimicrobial without a veterinary officer 
prescription to prevent disease as well as improve laying performance. Some of the antimicrobials 
are disguised as multivitamins and most farmers lack the knowledge to know whether they are 
antimicrobials or not. Antimicrobial resistance is a One Health problem that must be tackled as 
such. The bulk of this problem can be tackled at the government level through implementation of 
policy and laws against misuse of antimicrobials in food animal production. Considering 73% of 
all antibiotics manufactured are used in animal production, animal production professionals also 
have a major role to play in this fight by ensuring proper farm husbandry practices are followed 
by farmers, biosecurity is strictly adhered to and formulation of feeds that do not pose a risk of 
worsening AMR. Alternatives to Antibiotics Growth Promoters (AGP) such as postbiotics should 
be used in all feed formulations. Postbiotics are byproducts of fermentation that have been proven 
consistently through research to improve gut health therefore increasing feed utilization efficiency 
and performance. In addition, postbiotics have demonstrated great benefits to the overall immunity 
and health of the animals therefore enhancing protection of animals from environmental and 
disease challenges therefore reducing the need for treatment and preserving the antimicrobials.  

Keywords: Animal Production, Antibiotics Growth Promoters, Antimicrobial Resistance, 
Postbiotics. 
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Inexpensive and Sustainable Source for Animal Feed: BSF Protein 

 

Obanda, R 

Sanergy Kenya Limited 
Sameer Africa, Enterprise Road 

Corresponding author: robert.obanda@saner.gy 
Abstract  

The current day challenges for both farmers and feed millers showcase that the sustainability of 
animal feeds inputs and the stability of feed prices (inexpensive) are ever hard to control. What 
has been realized with regards to sources and availability of our crude protein triggers us to think 
more on how we face the future as farmers and as millers with the situation presenting crude 
protein (CP) supply fluctuations and skyrocketing prices for available alternatives. What we might 
deem as normal (seasonality) are accustomed to the highs and lows of CP, which again revisits the 
issues of uncertainties in both supply of product, cost of product, and the quality of product inputs 
for our livestock. Sanergy’s BSF protein offers an alternative that is not only sustainable (available 
all year round) but additionally cost effective, clean and highly profiled with regards to animal 
nutrition needs. Selling and marketed under the product line Kuza Pro, our insect based protein 
(BSF) has demonstrated through trials, reliability boost on animal health, improved efficiency and 
animal productive capacities, as well as cost saving attributes to our farmers. We thus, fully 
understand the dimensions that the market needs and present Kuza Pro as a bio-revolution solution. 

Keywords: Crude protein, inexpensive, sustainable, Black soldier fly 
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Abstract 

Recently many national and transnational agencies including United Nation’s Food and 
Agriculture Organization (FAO) have been promoting the use of insects not only as an 
environmentally friendly source of food or feed, but also as a source of healthy compounds that 
are important for humans and animals. To this end, there have been efforts to promote controlled 
mass production of the useful insects for food and feed. Among the most studied insects include 
black soldier fly, cricket and desert locust. Recent studies on the potential of desert locust as a 
novel source of nutrients especially proteins for livestock have shown great potential. The desert 
locust was analyzed for its nutritional value and other health promoting compounds (fatty acids, 
flavonoids and vitamin E) using proximate analysis and liquid chromatography coupled to 
quadrupole time of flight mass spectrometry (LC-Qtof-MS) and coupled gas chromatography 
(GC)-MS. Sesame and Olive were also included in the analysis for comparison purposes. The 
results showed high crude protein (CP) contents which varied depending on the diet of the locust 
as well as the development stage at harvesting. For instance, the CP content of desert locusts reared 
on different plants was 62.2 – 71.5% dry matter (DM) for fifth instar hoppers, 65.4 – 73.3% DM 
for mating adults and 70.5 – 86.1% DM for ovopositing adults. The variations within the different 
stages of the locust were due to the rearing plants. The crude fat levels were highest in the mating 
adults (14.8 – 21.8% DM), followed by the fifth instar (13.6 – 15.2% DM) and lowest for the 
ovopositing adults (3.9 – 16.8% DM). The oil extracted from the desert locust was also found  to 
contain high quantities of the essential fatty acids required by humans and animals. For instance, 
the oil from the desert locusts contained 53 fatty acid methyl esters (FAME) compared to 44 
FAMEs that were detected in Sesame and Olive oils. The desert locust was also found to contains 
omega-3 polyunsaturated fatty acids such as α-linolenic acid (18:3(n-3)) (14.1 µg/mg) and 
eicosapentaenoic acid (20:5(n-3)) (52.1 µg/mg). The oils from desert locusts and other insects were 
also found to contain1.5-9-fold higher levels of vitamin E than that found in common plant oils 
such as sesame and olive. Four flavonoids (Quercetin, Luteolin, Kaempferol and Orientin) were 
identified compared to 3 and 2 flavonoids that were detected in Sesame and Olive oils respectively. 
The locusts would therefore supply the flavonoids, which are important antioxidants ordinarily 
found in plants. These results show that the desert locust is a nutrient- and antioxidant-rich source 
of feed or food with added health benefits upon consumption. 

Keywords: Desert locust, nutritive value, health benefits 
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Abstract 

The desert locust is considered the most dangerous migratory pest in the world. The East Africa 
region is currently facing a severe desert locust outbreak, the worst in 75 years in Kenya. Although 
both governments and partners in the region are carrying out several response activities, 
assessment of the impacts of the invasion on the livelihoods is critical for further control of locusts 
and mitigating their effects. The objective of this paper was to determine the implications of desert 
locusts’ invasion in Marsabit County for food security and resilience. Purposive sampling was 
used to select Marsabit County as it is the largest county affected by locusts together with Baringo, 
Laikipia, Turkana, Wajir, Garissa, Mandera, Samburu, Isiolo, and Meru counties. Using key 
informant interviews, focused groups discussion at community level, observations and secondary 
data, the situation of locust invasion, control mechanisms, and implications for food security and 
resilience was determined. Results revealed that pastures and browse were moderately affected at 
30% while 25%-50% of the crops were affected. Community members reported declining milk 
output hence threatening food and nutrition security of the pastoralist households. Aerial spraying 
method by the government was the most effective method. The future concerns of the infestation 
included: food, pasture and browse shortage, increased communities’ competition on pasture and 
browse, low crop and livestock productivity, reduced household incomes, and increased household 
nutrition insecurity. We recommend  continuous surveillance and spraying control activities of the 
potential locusts roosting places like the rangelands of North Horr and the entry places of Moyale 
; adequate and continuous community sensitization and engagement of the local administration 
system on information dissemination about locust invasion, control and management; introduction 
of drones for surveillance and aerial spraying of desert locust and other migrant pests in the 
country; and crop and livestock insurance to mitigate such disasters. 

Keywords: Locust, pastoralism, food security and resilience 

Introduction 

Background Information 

The East Africa region is currently facing a severe desert locust outbreak, which according to Food 
and Agriculture Organization of the United Nations (FAO) estimates is currently the worst in 25 
years in Somalia and Ethiopia and the worst in 75 years in Kenya. Desert locusts arrived in the 
Horn of Africa in July 2019 from the Arabian Peninsula and then rapidly spread across the region 
due to favorable vegetative conditions resulting from above-average October – December rainy 
season and Tropical Cyclone Pawan.  As of January 2019, swarms were present across eastern 
Ethiopia and neighboring areas of Somalia, parts of Sudan, Eritrea and northern Kenya and were 
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at risk of spreading to bread-basket areas, such as the Rift Valley in Kenya and Ethiopia, as well 
as northeast Uganda and southeast South Sudan. In Kenya, the counties that have been mainly 
affected include Baringo, Laikipia, Turkana, Wajir, Garissa, Mandera, Marsabit, Samburu, Isiolo, 
and Meru counties. 

The desert locust is considered the most dangerous migratory pest in the world (De Vreyer et al., 
2014; Hunter, 2004). For instance, in Senegal, West Africa, locust outbreaks are second only to 
drought in damaging agricultural productivity (D'Alessandro et al., 2015). A swarm of locust can 
haveupto 150 million locusts per square kilometer. A typical swarm can consume enough food to 
feed 35,000 people, in one day. Crop and fodder losses in affected areas can be up to 100%. Desert 
locust swarms can move quickly, covering 100 – 150 kilometers in a day. The invasion will have 
a negative impact on livelihoods of the majority population in the region, who practice crop 
farming and livestock production. One mechanistic link between livestock grazing and locust 
populations is the conversion of wooded areas to open fields, including patchy grasslands, more 
desirable to locusts (Clark, 1950). Thus, land use and cover change has potentially contributed to 
the emergence of new locust species that previously did not exhibit strong locust phase change 
characteristics, likely in conjunction with shifting climate (Le Gall, et al., 2019).  Furthermore, 
this would deteriorate the food security situation in the short run and increase malnutrition in the 
end.  

Marsabit County falls within arid and semi-arid area, and as such can be classified as a dryland 
county. The County, with a total area of 70,961.2 km2 is located in the extreme end of northern 
Kenya and it lies between latitude 02o 45o North and 04o 27o North and longitude 37o 57o East and 
39o 21o East. It shares an international boundary with Ethiopia to the north, borders Lake Turkana 
to the west, Samburu County to the south and Wajir and Isiolo counties to the east. 

The county lies in four main ecological zones, namely, sub-humid, semi-arid (mainly woodlands), 
arid (predominantly bushlands) and very arid (scrublands). The county has arid climatic condition 
with the exception of the areas around Mt. Marsabit, Mt. Kulal, Hurri Hills, and the Moyale-Sololo 
escarpment, which represent typical semi-arid conditions. The temperature ranges from a low of 
150C to a high of 26oC, with an annual average of 20.5oC (World Weather and Climate 
Information, 2015). The county has a bi-modal rainfall pattern. The long rains season falls between 
April and May while the short rains season falls between November and December. Rainfall ranges 
between 200mm and 1,000mm per annum and its duration, amount and reliability increase with 
rise in altitude. North Horr (550m) has a mean annual rainfall of 150mm; Mt. Marsabit and Mt. 
Kulal experience 800mm while Moyale receives a mean annual rainfall of 700mm. 

The communities in Marsabit County practice pastoralism and mixed farming. Crop production in 
the County does not thrive well because of erratic rainfall and increasing incidence of recurrent 
droughts. There are however some areas around Mt. Marsabit and in Moyale sub-county where 
crop farming is practiced during the rainy seasons. The population working in agriculture is 
estimated at 2%. Main crops grown in the county include fruits and vegetables, maize, teff, beans 
and millet. Fruits grown include oranges, avocados, banana and mangoes. Khat (miraa) is also 
grown for commercial purpose in Saku Constituency and part of Moyale. Miraa is grown for 
commercial purposes while fruit trees are produced mainly on a small-scale, for domestic 
consumption, and for sale in local markets. 

The total area under food and cash crop production in 2019 was 5,060 Ha (County Government of 
Marsabit, 2018). However, the county has great potential for crop production with an area of 
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1,582,750 Ha being arable. Much of the area is underutilized due to erratic climatic conditions. 
The average farm size in the county is 0.8Ha while farms with title deeds are approximately two 
per cent.   The farms are concentrated on mountain regions of Saku and Moyale sub-counties. The 
rest of the land is communally owned grazing land. Livestock keeping is the main economic 
activity in Marsabit County. The main livestock kept include approximately 420,000 cattle, 
2,029,490 goats, 1,851,452 sheep, 217,360 camels, 81,900 donkeys and 45,860 chicken. There are 
5,890 beehives/apiaries in the entire county. The main livestock products are milk, beef, mutton 
and camel meat. 

Objectives 

The general objective of this paper was to determine the implications of desert locusts’ invasion 
in Marsabit County for food security and resilience. The specific objectives were to: 

1. Determine the status of locust invasion in Marsabit County 
2. Document locust control mechanisms in Marsabit County. 
3. Establish the current losses on crop production, pasture and browse  in Marsabit County 
4. Identify the needs and possible opportunities for the affected communities to strengthen 

their food security and resilience 

Methodology 

This section includes the study area, data collection,analysis and limitations. 

Study area 

Purposive sampling was used to select Marsabit County and three sub counties (Moyale, Saku and 
Laisamis) for this study (Figure 1)  based on high, medium and low locust invasion reports by the 
emergency County Steering Group (CSG) (Table 1).  

Table 1: Classification of locust invasion by sub-county 

No. Reported Rate of 
Invasion 

Sub County as per the rate 
of invasion 

Priority sub county 
for rapid assessment 

1.  High locust invasion 
(70%) 

Moyale and North Horr sub 
counties 

Moyale sub county 

2.  Medium locust Invasion 
(60%) 

Saku sub county Saku sub county 

3.  Lower locust invasion 
(40%) 

Laisamis sub county  Laisamis sub county 
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Data collection and analysis 
The study used both primary and secondary data.  
 
 
 
 
 
 

 
 

The secondary data involved literature review of currently available information including 
Marsabit County Integrated Development Plan 2018-2022, and the Minutes of the County Steering 
Committee on Locust Invasion. Primary data involved use of key informant interviews (KII), 
focused group discussions (FGDs) (61 respondents), and observations. 
 
The KIIs were conducted on six officers from the County Department of Agriculture, Livestock 
and Fisheries, National Drought Management Authority (NDMA), and local leaders. Local leaders 
included the Chiefs and village elders. The KII was important because, it was an easier way to gain 
the bigger picture of a locust invasion situation within the short time in the county; and the 
information gathered came from people who had relevant knowledge and insight at the time. The 

KII also allowed for new and 
unanticipated issues and ideas to 
emerge. 
 
FGDs were conducted in three 
communities of Koya in Laisamis 
Sub County, Dokatu in Saku Sub 
County and Illadu in Moyale Sub 
County. The number of participants 
are shown in Table 2. 
 
 
 
 
 
 
 
 

Figure 1: The study area 

Figure 2: Focus group discussion at Losidan community in 
Laisamis ward on 24-jan-2020 
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Table 2: Distribution of focused group discussions     

Sub 
County 

Ward  Site/ 
Village 

GPS 
Coordinate 

Participants 
Men Women  Youth Total 

Laisamis Laisamis Lodisan 1.57746, 
37.56767 

3 11 0 14 

Saku  Sagante/ 
Jaldesa 

Dokatu 02,17,14.9N; 
38,03,21.94E 

6 3 2 11 

Moyale Golbo Illadu  3.3926; 
39.16104 

10 11 15 36 

Total     19 25 17 61 
 

Focus group discussions (Figure 2) were important because they helped to: (i) obtain detailed 
information about community feelings, perceptions and opinions on locust invasion; (ii) saved 
time in the midst of the expansive area of Marsabit County; and (iii) provided a broader range of 
information including the locust migration pattern of locusts in the county.  The study also used 
structured observations to allow insight into contexts, and the correlations of the information. 
Observation helped the team observe the effect of locus invasion in the homesteads; farmland, 
pastureland and browse land to give credible information in relation to the respondents’ memory, 
honesty and awareness. Data analysis utilized descriptive statistics. 

Study Limitations 

Mobilization of respondents on time in some cases in the pastoralist community was challenging.  

Results and Discussion 

This section includes crop, pasture and browse invasion by locusts, effects of locust invasion on 
food security, livelihood and resilience and coordination mechanisms for desert locust control and 
management. In addition, coordination mechanisms for desert locust control and management, 
projections of future impacts and community indicated needs are discussed. 

Crop, pasture and browse invasion by locusts 

Marsabit County is one of the counties in Northern Kenya that faced a severe desert locust outbreak 
since 1962. The locusts were referred by the local communities as; ‘Ilmati’ by Samburu 
community, ‘Gubal’ by Rendile community and ‘Awanis’ by Borana/Gabra communities. In the 
2019 (recent) and 2020 (current) occurences, desert locusts invasion was first reported in county 
on December 30, 2019 from Wajir County through Golbo Ward, Moyale Sub County. The second 
phase was reported from January 7, 2020. The invasion then spread across the County due to 
favorable vegetative conditions on the expansive lands resulting from above-average October – 
December 2019 rainy season. As of the third week of January 2020, swarms had been across all 
the four sub counties of Moyale, North Horr, Saku and Laisamis (Figures 3 and 4). 

At the time of the study, there were no signs of desert locust roosting in the sites visited by the 
team, except the tree locusts that were reported in parts of Saku Sub County. The desert locust 
invasion reported in the assessed communities of Moyale, Saku and Laisamis Sub Counties were 
immature winged adults (pinkish in color). The desert locusts moved in small swarms in the first 
phase covering less than 10-14 sq. kilometers. In the second phase of invasion, medium and big 
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swarms were reported covering 49-100 square meters, while moving at an average speed of 20 
Km/Hr. The respondents mentioned that the locusts could roost in a particular area for up-to 19 
hours.  

From the key informants’ information, the desert locust swarms that migrated to North Horr were 
mature winged locusts (yellow in color), hence roosting in the non-inhabited and highly vegetative 
rangelands in the sub county for up to four days before the spraying action, in Kormoto/Dakaye 
and Larachi/Malbey, on January 21 and 23, 2020, respectively.  

 

 
The tree locusts (grey/brown in color) in Saku Sub County covered approximately 100 square 
kilometers. The local community claimed that the tree locusts had less impact on the crop, pasture 
and browse compared to desert locust. They had become gregarious (which is always not the case) 
and were likely to multiply very fast because of the favorable weather conditions and vegetation, 
hence would pause great impact since they did not migrate long distances compared to desert 
locusts. 

The Samburu community practices pure pastoralism. The Borana and Gabra communities in Saku 
and Moyale sub counties are involved in both crop (80%) and livestock (100%) production. Crops 
grown by the Borana and Gabra communities are maize, sorghum, cowpeas, kales and beans. The 
smallholder farming community rely on rain fed agriculture. 

The farming communities experiences two seasons per year. The short rains season occurs between 
September to November, while the harvesting period is between December and January of the 
subsequent year. The long rains season is usually between April and July, while the corresponding 
harvesting period is August and September. The average yield per acre is 10 bags of 90-kgs maize, 
5 bags of sorghum and one bag of cowpeas. Kales are majorly for subsistence purposes. Based on 
the study, 100% communities in Saku and Moyale sub counties reported higher yields as a result 
of the recent October, November, December (OND) compared to previous seasons. However, 
communities in Laisamis did not engage in crop production. None of the communities reported 
lower yields.  

Compared to 2018/2019 long rain season, the 2019/2020 season was very promising in terms of 
yields due to favorable 2019 OND rains, and the yields were comparably higher. In the previous 
year, the farmers lost a huge volume of their entire crop due to drought, which was ranked the 

Figure 4: swarm of locusts sighted in shurr 
area on 25-Jan-2020 

Figure 3: Immature desert locust spotted in 
saku 
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highest key impact on crop production. The study ranked all key factors based on the highest 
impact as follows: Drought (1), Pests - Army worms, porcupines, monkeys and locusts (2), floods 
(3),  diseases (4) and soil erosion (5) . 

In the OND season, farmers had been adversely affected by the desert locust invasion. 60% of the 
communities reported the crops invaded were in the harvest stage while 40% reported in the 
reproductive stage. The invasion affected about 80% of the farming community members in 
Moyale, and 50% of the farming community in Saku. The desert locust invasion impact on the 
crop yield had been high as farmers projected loss of between 50% - 75%.  Of the three sub-
counties visited during the study, farmers who were invaded by locusts in Moyale and Saku sub-
counties reported estimates of their crops affected by locusts as shown in Table 3. 

Table 3: Estimates of crops affected by locust invasion 

Crop Moyale Sub-county Saku sub-county 
Maize 50-75% 50-75% 
Cowpeas 50-75% N/A 
Vegetables 75-100% 75-100% 
Beans 50-75% N/A 
Sesame 75-100% N/A 
Sorghum 75-100% N/A 

 
In spite of this locust disaster, the farmer respondents still expected to plant in the next season, that 
was, April 2020 as they needed to be food secure. However, they maintained that they would  just 
plant the same area of land due to limited resources and tools. 

In the population, 100% of communities in Marsabit counties were involved in livestock 
production. The common livestock species reared by the communities were camels, goats, sheep, 
cattle, donkeys and poultry. The recent and current desert locusts’ invasion had affected 
pasture/browse in the community. However, before invasion of locusts, the condition of both the 
pasture and browse in the same year was good compared to a normal year.  

The browse/pasture loss following the desert locust invasion was low (<30%) in Laisamis sub-
county, and high (>65%) in Moyale and Saku sub-counties as indicated in Table 4 and Figure 5. 
The residents projected that, if rains would be unfavorable, the remaining/available pasture/browse 
could last them up to 1 to 2 months.  

Table 4: Degree of pasture and browse loss 

Sub-county Browse  Pasture  

Saku  High (>65%) High (>65%) 

Moyale High (>65%) Low (<30%) 

Laisamis Low (<30%) Low (<30%) 
 
  



 

 

 

14 
 

Livestock Transformation Agenda: Towards Climate Smart Livestock Production Systems  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Additionally, 100% of residents in Laisamis and Saku sub-counties reported that the body 
conditions of their livestock was the same compared to a similar period last year after invasion by 
locusts, while 66% of the communities in Moyale reported the body condition to have been worse 
while 33% reported the condition to be similar.  Migration of livestock farmers normally occured 
in the months of January, May and August. However, due to the rainfall received during the last 
OND, livestock farmers did not migrate in January. Nonetheless, no communities engaged in the 
assessment had migrated because of browse/pasture loss due to recent locust invasion.  

Impacts of locust invasion on food security, livelihood and resilience 

The communities in Marsabit counties were already experiencing effects of the locust invasion. 
The farming community was experiencing reduced milk production, which is one of the sources 
of food. The pastoral community was experiencing reduced vegetative cover. Also during the days 
when locusts were roosting, livestock owners were unable to participate in the livestock market 
sale since the locust scared/prevented livestock/owners from moving from one place to another.  

The main actions that were taken by communities to manage the desert locusts included: informing 
the government and scaring them away. Initially, the community members were in shock, as they 
had not experienced the desert locust invasion for a very long time. In fact, they indicated that very 
few of them had ever seen the desert locust as part the last invasion as witnessed in 1962. This 
collaborates FAO estimates that the worst desert locust invasion in Kenya occurred over 75 years 
ago. Participants in the FGDs who witnessed the 1962 invasion informed that the current 2020 
invasion was less severe in comparison.  

The community method of scaring the desert locust was somewhat effective as it deterred the 
locust to roost or not roosting for long, say at most 19 hours, except in sites that were sparsely 
populated. However, this scaring method made the swarms to split hence diverse and faster 
migration to other areas, complicating austerity measures by relevant agencies. The methods used 
in scaring included: sound from motorbike engine and horn, whistles, beating of drums and 
metallic cans.  The pastoralist communities were against consumption of locust as delicacies, since 
they believed they had diverse sources of proteins from the array of livestock including cattle, 
sheep, and goats.  

Figure 5: Browse affected by locust invasion in Illadu village within moyale sub-county, 25-jan-2020
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In Marsabit County, the government and related agencies applied the spraying as control method 
on pasture and browse. The aerial plane spraying was the most effective way of control as it killed 
the pests instantly or within 24 hours. Out of the 4 swarms reported at the time of spraying, 2 
swarms sprayed using airplanes and were annihilated. The spray powder used was Sumithion Al 
fenitrothion, which was effective up to 72 hours. Marsabit County had been provided with five 
drums (200 liters each) and four drums had already been used up. The county leveraged radio 
stations to sensitize the community on methods of controlling locust invasion. This method was 
ranked as very effective for communities that were able to receive the message.  

A number of organizations supported the county to undertake surveillance and reporting of the 
locust invasion through: training county staff in surveillance/reporting, facilitating movement 
using motor vehicles, fuel, human resources and allowances for surveillance and reporting officers. 
GPS coordinates and pictures were collected and sent to various stakeholders including updating 
on the county WhatsApp group consisting of relevant stakeholders. Pilots to configure target areas 
in their airplanes used the GPS coordinates.  

Coordination mechanisms for desert locust control and management 

The County established the County Steering Group (CSG) led by National drought Management 
Authority (NDMA).  Marsabit CSG is composed of; 

 Government Departments, agencies and programs, (Department of agriculture, Kenya 
Wildlife Service (KWS), Kenya Forestry Service (KFS), Kenya Climate Smart Agriculture 
Program (KCSAP), Agriculture Sector Development Support Program (ASDSP))  

 Private Sector: (Locust Control Organization (LCO), GFA implementing on GiZ, Care 
International, SND, Islamic Relief (IR), Community Initiative Facilitation Assistance 
(CIFA), Caritas, Melako Community Conservancy (MCC), Food for the Hungry (FH), 
Farm Land Aviation (FLA) 

The County was working closely with development partners who had provided vehicles, fuel and 
travel allowances in support for surveillance and control activities.  Together with National State 
Department of Agriculture and Locust Control Organization (LCO), CSG was able to train 14 
county officers on data collection and reporting to strengthen surveillance. KWS, KFS and FLA 
offered aircrafts for surveillance and spraying.  

County government conducted surveillance of swarm activities on daily basis to identify the 
behavior patterns and collection of GPS coordinates used in aerial spraying. The county 
government provided human resources and allowances to surveillance activities. The county 
government also enhanced community outreach and sensitization through local FM radio station 
on control and management of desert locusts. These include Jangwani FM, Ibse FM, Chalbi FM, 
and Star FM, who disseminated the information at subsidized rates. 

The communities had inadequate information on how to control the desert locusts and minimize 
their impacts. Furthermore, there was information flow gap between the county level staff and the 
local administration. This could be attributed to vastness or expansive terrain of the county, poor 
infrastructure/communication/road network, remoteness and sparse population, and the limited 
resources. Failure to capture proper GPS coordinates during surveillance, would lead to poor 
targeting by spraying planes hence delays in control and wastage of resources. Further, the 
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information about the pesticide/insecticide application was not well disseminated on active 
ingredients and effects of spray substance on vegetation, livestock and humans.  

Projections about future impacts 

The desert locusts had defoliated the part of the pasture and browse, which the livestock fed on 
during the dry season. This implied that, if the dry season set in, livestock would lack pasture and 
browse. The farming communities abandoned the affected crop fields to the livestock as animal 
feed, as they did not have knowledge on how to handle the situation. They would not harvest the 
expected yields during the period.  

The communities observed that desert locust droppings on the crops and pastures could affect both 
the livestock and humans directly or indirectly. They reported that livestock such as goats liked to 
feed on the locust droppings. However, the community believed that upon consumption of the 
droppings directly or pasture and browse affected, they would experience diarrhea and bloating. 
The livestock body would change, and animals would be dehydrated affecting the growth and 
reproduction rates. The meat and milk production would be low hence affecting food and nutrition 
of the communities. 

Conversely, some locals complained of the skin and eye complication due to the desert locusts’ 
droppings as they succumbed to safety or engaged in the scaring activity as control measure. The 
communities also indicated that upon direct consumption of the vegetable affected by the locust, 
they experienced stomach discomforts. Consumption of milk from livestock that would consume 
the affected pasture and browse, 
could also cause health problems in 
humans.  

Communities were not aware if the 
new phase of desert locust invasion 
would occur. The breakout of the 
tree locusts in Saku Sub County 
was likely to  complicate the 
intervention measures. 
Communities were skeptical of 
unforeseen calamity likely to arise 
because of the locust invasion. The 
situation was still very fluid, if the 
immature winged desert locust 
swarms went through their 
production cycle to maturity while 
in the County. Also the unforeseen 
impact of hoppers which may 
emerge based on the eggs laid by 
the locusts was not well understood.  

Continued invasion would continue to compromise on crops/pastures/browse (Figure 6), hence 
compromise to food and nutrition insecurity, and livelihoods in case of prolonged dry season. 
Furthermore, community animosity was likely to occur in competition of scarce pasture and 
browse between the pastoralists and other communities.  

Figure 1: Opinion leaders in Illadu - Moyale sub-county 
explaining the possible impact of locust invasion on browse in 
future, on 25-jan-2020 
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Community-indicated needs 

One hundred per cent of  the communities that participated in the assessment reported that they 
had adequate information on how to control desert locusts. Based on the study, the communities  
ranked their concerns in order of priority (from the highest to lowest) as:  

1. Information and training on how to recognize the desert locust and other pests and different 
ways to control them  

2. Provision or support to access chemical pesticides  
3. Personalized advise on control measures  
4. Information and training on good agricultural practices to improve crop health  
5. Government to assist in surveillance  

The greatest need cited by the communities concerning crop and livestock production and 
livelihood was:  

 In short term, the community felt that they urgently needed relief food, medical care, 
veterinary services to livestock, and animal feeds 

 In the medium to long term, the communities (especially, the communities in Saku and 
Moyale) felt the need for supportive agricultural development and natural resource 
management initiatives such as drilling of community boreholes, agricultural inputs, 
equipment and mechanization (certified seeds, knapsack sprayers, oxen plough).  

Conclusions and Recommendations 

Conclusions 

The position, expansive and un-inhabited topographic, dry climatic and ecological conditions of 
Marsabit County makes it susceptible to desert locust invasions. Ninety eight per cent of Marsabit 
communities that majorly depended on livestock production were more socio-economically 
vulnerable to desert locust invasion. 

Locust invasion in Marsabit County was in two phases (December 30, 2019, and January 7, 2020). 
Moyale and North Horr sub-counties were the most hit by the desert locust invasions. Moyale, 
because of the proximity to the Wajir County, which is on the current migration corridor of the 
desert locust from Ethiopia and Somalia; and North Horr, which has vast rangeland that is currently 
moist and very vegetative following the good 2019 OND rains. Saku Sub County was also affected 
due to the good climatic condition and vegetation. Laisamis sub-county pasture and browse land 
was also affected. 

From the county reports, four swarms of desert locusts were reported in Marsabit County. Each 
swarm had approximately 50 million locusts covering up to 100 sq.km while migrating at 20 
km/hr. With each locust consuming approximately 2 grams of vegetation per day, an average 100 
tons of vegetation was lost per day. The locusts’ effects on crops like maize was breaking the 
leaves by heavy lodging and defoliation. The locust effect on pasture and browse was by 
defoliation. 

The timeframe of roosting of the desert locust varied from site to site depending on the availability 
of the inhabitants, the weather condition, and community and government response. In hot weather 
of Laisamis and in densely populated areas of Moyale, the locust roosting could be 19 hours (from 



 

 

 

18 
 

Livestock Transformation Agenda: Towards Climate Smart Livestock Production Systems  
 

2pm to 10 am), while in currently cool and non-inhabited vast rangelands; the roosting could take 
up to four days.   

There was a county coordination structure comprising of various stakeholders led by NDMA with 
the support of the national government and LOC.  The emergency county steering group improved 
coordination for the desert locust control and management as stakeholders pooled resources, ideas 
and information together. The locust surveillance in the county had been enhanced with the help 
of KWS and KFS aircrafts. Aerial spraying by Farm Land Aviation (FLA), as the control measure 
of desert locust invasion, was the most preferred and most effective control method for the desert 
locus in the county. Community scaring method was somewhat effective where the government 
response was delayed or unavailable.  

However, the high-level coordination for desert locust control and management begun in the 
second phase of invasion. The county government had assumed that the desert locust control was 
squarely in the armpit of the national government and other agencies. The early warnings system 
did not work hence inadequate preparedness. The community scaring method sometimes made the 
the swarms not to roost but also made the swarms to split and move to different directions, making 
it difficult to plan for effective control. The communities stated that they had scanty information 
on aerial chemical spraying and possible effects on biodiversity, livestock and human health hence 
more fear.  The county structure had challenges of inadequate capacity and resources to manage 
the locust invasion situation in the vast land. Collaboration of the authorities and some community 
was somewhat incoherent; for instance, as the county indicated enhanced sensitization through 
local FM radio stations, some community members were not aware as othesr complained of 
government delay or inaction. The situation was still very fluid with increasing new reports as late 
as January 26, 2020.   

As much as the communities described the invasion as severe, the team’s observation was that 
locusts in most sites were not completely destroyed and kept migrating, and there was no evidence 
that they were destroyed anywhere. Depending on the weather conditions, this implied that the 
immature winged locust would still roost within the County to mature winged locusts, and likely 
to breed in the County and invade other areas within the vast County.  

Recommendations  

The rapid assessment team therefore recommends: 

 Continuous surveillance and spraying control activities in the potential locusts roosting 
places like the rangelands of North Horr, the entry places of Moyale  

 Adequate and continuous community sensitization and engagement of the local 
administration system on information dissemination about the locust invasion, control and 
management  

 Introduction of drones for surveillance and aerial spraying of desert locust and other 
migrant pests in the county  

 Communities to be sensitized on the effects of the  spraying chemical   

 Continuous experts’ advisory on migration patterns of the desert locust to determine the 
direction of the swarm movement and effective control measures.   

 Inter county coordination mechanisms of control and management; and improved 
collaboration and coordination and capacity of stakeholders and officers in the counties 
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 There is need for frequent research/surveys and documentation of the effects of desert 
locust invasion on crops, pasture, browse, livestock and humans to avoid relying on the 
human memory. 

 Crop and livestock insurance to mitigate such disasters 

 Hay/pasture harvesting initiative in the county  

 County contingency plans and budget on disaster risk management. 
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Abstract 

Molasses Urea Mineral Blocks (MUMBs) in various forms have been used as a supplementary 
feed in the dairy industry globally. An on-farm trial was set up to validate the technology in 
Kisumu and Nandi counties as a strategy for dissemination. To complement the data generated 
though the on-farm experiments, a qualitative study was carried out with the objective of obtaining 
farmers perception of the blocks as a dairy feed supplement. The study had  64 participants 
involved in the trials, divided into 4 groups. Focus Group Discussions (FGDs) guided by a 
checklist, observations and photography were employed to generate data. The notes-based 
approach was used in recording FGD data and audio recordings were used as a backup.  Content 
analysis was used to analyze the data. Repeatedly occurring ideas were categorized into themes, 
discussed and compared to other findings. Research findings revealed that the farmers generally 
perceived MUMBs as a useful and easy to use technology. In the processes of trying it out they 
also innovated to suit their needs and acquired other useful skills that were unintended outcomes. 
They reported compatibility with their production systems as well as an improvement in body 
condition of the animals, noticeable increase in feed and water intake, improved milk production 
and improved cow dung consistency. However, they recommended that the product should be 
packaged in other forms to enhance its use. 

Keywords: Perception, useful, easy to use, innovation, production systems, compatibility 

Introduction 

The Molasses Urea Mineral Block (MUMB) technology has been developed and used in many 
livestock producing countries as a multi-nutrient feed supplement. In most instances, they are 
produced from cheap and locally available materials. Though available in Kenya, developed and 
produced by Kenya Agricultural and Livestock Research Organisation (KALRO) their use and 
benefits are not known to many farmers. A project was designed to promote the production and 
use of these feed blocks amongst dairy farmers in the HR 1and SA2 regions under the USAID 
IARD FTF project as a contribution towards improving dairy productivity by addressing feed 
quality and nutrient insufficiency. 

Among other factors, farmers’ perception about a technology has been found to significantly affect 
adoption (Pannell et al 2006: Ahsanuzzaman, 2015). As part of the trial, a qualitative study was 
designed and carried out at the end of the on-farm trial phase. The main objective of the qualitative 
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assessment was to find out how the farmers perceived the MUMB technology following their 
interaction during the trials. This study provided an opportunity for a rapid assessment and 
feedback process. 

Although MUMBs have been in use in dairy production as well as dry season management 
ASALS, on-farm data was scanty especially for the areas currently targeted for promotion in the 
USAID IARD FTF project. This activity anchored on on-farm research aimed at obtaining in depth 
information and insight into the outcomes of the farmers’ interaction with MUMBs. Feedback 
from this study will provide a basis for future research and dissemination of the technology 

Materials and Methods  

This study was carried out in 4 sub-counties: Kisumu East and Nyando in Kisumu County; Nandi 
Hills (Nandi East) and Emng’wen in Nandi County where the MUMB on farm trials were 
conducted involving 64 farmers. It used a qualitative and exploratory approach. 

Qualitative approaches focus on analyzing the subjective meaning or the social production of 
issues, events and practices by collecting non standardized data and analyzing texts and images 
rather than numbers and statistics (Flick, 2014). It is grounded in the epistemological assumption 
that understanding a phenomenon requires that it is viewed in its context. It emphasizes the 
importance of looking at variables in their natural setting in which the variables are found (Mishra, 
2016). It is concerned about process and meaning, how people make sense of things in their lives 
(Ochieng’, 2009). Subjectivity of the researchers and those being studied become part of the 
research itself hence, the researcher’s reflections on their actions and observations in the field 
become data in their own right (Flick, 2009). Qualitative methods involve ethnographical rather 
than experimental approach. Based on these characteristics this approach was determined as 
suitable for this study.  

The main data collection method was Focus Group Discussion (FGD), a guided discussion meant 
to explore topics in depth and answer the “why” and the “how” questions (de Negri and Thomas, 
2003). The researchers were interested in how the farmers interacted with the technology and how 
they arrived at different conclusions, opinions and perceptions about the use of MUMBs. The main 
data collection tool used was a checklist. Observations and photography was also employed during 
farm visits to complement information generated during the FGDs. The notes-based approach was 
used in recording data and audio recordings were used as a backup. 

Focus Group Discussions do not target a representative sample of a particular population but rather 
a carefully, purposively selected group of individuals deemed to be the most appropriate in 
providing the information required. In this particular study, pre-existing groups were selected, 
which according to Mishra (2016), provides the best interaction for research purposes. These 
groups comprised of the farmers who were involved in on-farm trials. A total of four FGDs were 
conducted, one per sub-county, each comprising 10 - 14 participating farmers in the four sub-
counties. 

 

Data gathered during field visits as observations was recorded and presented in form of 
photographs. Data generated during FGDs was subjected to Content Analysis. Themes, trends and 
patterns were identified and interpreted and presented in a descriptive approach.  This approach 
entailed a process of reviewing ideas which occurred repeatedly through the discussions, 
interpreting and supporting those using quotes from participants during the FGDs. 
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Results  

The themes that emerged during the discussion were categorized as follows: 

1. Ease of use of the technology 

The method of presentation of MUMBs to the animals emerged as a key aspect. Most farmers were 
able to present MUMBs to their dairy animals as instructed with ease. However, consumption of 
the block took time and, in some cases, farmers had to be innovative by presenting the blocks in 
different ways to enable the cows consume it. Participants mentioned that it took longer than 
anticipated for the cattle to consume the block after introduction. The maximum time reported was 
28 days. The time taken was associated with the unique way in which the block was presented to 
ensure that the cattle consumed only the prescribed quantity of the block.  

2. Innovation in presentation of MUMBs 

While the recommended method of presentation was suspension of the block, participants reported 
using different methods of presentation which included placing the block in feeding troughs, 
breaking into small pieces, grinding into a powder and mixing with feed to enhance consumption. 
These innovations were used by farmers to allow the cattle “to adapt to the new taste with ease” 
after which some reverted back to suspending the block.  Others enticed the animals by sprinkling 
or smearing other feeds such as salt and molasses on the block that the cattle were already used to. 
Participants proposed that the product would be easier to use if the presentation changed from 
suspending the block to a measureable form like powder or pellets, or even smaller pieces that 
would be consumed per day. According to the sentiments that emerged “having a definite measure 
of the block in powder or pellets form or a one-day feed sized block would help with some of the 
concerns related to ease in using the block”.  

 
Figure 2: MUMBs placed in feeding troughs  

3. Perceived Benefits   

During the trials, one of the requirements was for the farmers to provide a qualitative assessment 
of the body condition of the animals. It was reported across the FGDs that the body condition of 
the animals consuming MUMBs improved. This was reported particularly for calves. The other 
changes reported included increased feed and water intake, increased milk production and 
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improved cow dung consistency. Reports such as “my neighbors noticed that something had 
changed about my dairy cows” and “consumers reported improvement in the quality of milk that 
I supplied and wanted to know the reason behind it” represented the general sentiments of the 
participants across the groups. Farmers delivering their milk to co-operatives mentioned that it had 
been noted at the milk collection plants that their milk quality had improved. As one of the 
participants stated “my milk passed a test it had previously failed before I started using the block. 
I noted changes in feed intake and I believe this and the supplementation provided by the block 
contributed to the improvement” and “some clients requested specifically for the milk from my 
farm”  

It also emerged that participants viewed the blocks as filling the gap of seasonal inconsistency and 
inadequacy of feed and supplementation. This was expressed in statements such as “my cows 
pulled through the dry spell without major changes in their body condition compared to other dry 
seasons that I had experienced”. 

4. Behavioural and attitude change 

There were no major changes in the production systems reported attributed owing to the use of the 
blocks, neither did the participants anticipate the need to change their practices upon adopting use 
of the block in future. However, participants previously using extensive systems, and where there 
were no dairy animal housing units, had to come up with additional facilities for suspending the 
blocks. Some of them expressed “the recognition of the need for a dairy housing structure and 
proper feeding area”.  

Introduction of the block did not change household labour allocation. Those previously in charge 
of feeding and milking continued to do so. However, male spouses who were normally not 
involved in these activities paid more attention to the on going activities in the diary enterprise.  

Some unintended outcome in behavior/ practice were reported. For instance, record keeping and 
monitoring of daily milk production per cow was adopted towards the end of the trials. The general 
sentiments were represented in a participant’s expression as “I did not know that I was doing things 
wrong by not monitoring feed intake and milk production per cow. I now recognize that recording 
each cow’s milk production separately and monitoring feed intake will help me manage my herd 
better and to detect any irregularities or inconsistencies. This will enable me make the right 
decisions”. The participants appreciated that the protocol provided to them for recording data 
influenced a new routine and renewed interest in monitoring the dynamics in their dairy units. This 
was represented in sentiments such as “I realized that I had not been paying much attention to my 
dairy enterprise. Introduction of the blocks and the requirement to monitor the cows under the 
trials enabled me spend more time in the unit and I eventually adopted this as a routine”. 

 

 

5. Learning / Information sharing 

It was reported that participants had shared information about the use and benefits of the block. In 
the words of a participant “I had already given up on my cow consuming the block. When I shared 
with other farmers, I got to learn how they got their cows interested in the block. Otherwise, I 
would have missed out on the benefits”. Participants across all the FGDs reported that use of the 
blocks had already generated interest among the neighbors as the changes on their cows were 
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noticeable to the other farmers around them. They allowed other farmers to visit, learn and 
recommended the product to them but explained that they “could not share the blocks we had as 
they were strictly meant for experimentation. We however promised to introduce them to the 
KALRO researchers who introduced the technology”.   

Discussion 

Technology acceptance models (theories) opine that perceived ease of use and perceived benefits 
of a technology are key factors to influence adoption (Davis, 1989). Farmer technology adoption 
model for developing countries retains the two factors but includes relative advantage and cites 
other external factors such as self-efficacy, social influence, innovativeness and occupation 
relevance as additional external factors that would influence adoption. According to the findings 
of this study, the perceived ease of use emerged as the most recurrent theme that was identified 
during the MUMBs on-farm trials. It was observed during on-farm trial visits and noted during the 
FGDs that while some of the farmers successfully presented the block as recommended, there are 
those who preferred to have it presented in different forms to enhance acceptability by the cows. 
These other forms would, according to them, make the technology easier to use.  

According to Davis, 1989, Sa’ari et al, 2017, Carter et al, 2011 (as cited in Sa’ari et al 2017) among 
other authors, perceived ease of use will most likely influence adoption. In this instance, there were 
those who felt that the current form of presenting the block was easy enough and had no problem 
using the block in that form. Others however felt that for ease of administration the same product 
could be modified in order to reduce the risks of overfeeding and labour constraints related to 
presentation of the block.  In addition, the block was compatible with and did not require farmers 
to change their production systems. Dhraief et al (2018) found that farmers adopted feed blocks 
because they were compatible with their production systems among other reasons. 

Participants were willing to keep trying to present to the blocks especially after they observed the 
changes in the animals already consuming the blocks. Sa’ari et al (2017) found that perceived 
usefulness, which they referred to as performance expectancy was likely to influence perception 
of farmers on a technology.  This was also the case with Silva et al (2017) who found that perceived 
usefulness had a positive effect on attitude and scored greater on attitude compared to perceived 
ease of use. The farmers acknowledged that there was always a chance of mixed results upon 
introduction of new feeds. Farmers’ innovated ways of presenting the block to animals who took 
time to accept the block in order to benefit from “what they had been told the block was likely to 
change in their dairy productivity”. Communication and information sharing among the farmers 
encouraged farmers who had difficulties in getting their to consume  the block hence use the 
technology. According to Ahsanuzzaman (2015) uncertainty about adoption reduces when farmers 
are able to communicate among themselves. This aspect of information sharing helps to shape 
their perceptions in a positive direction. 

 

Conclusion and recommendations 

Farmers found the MUMBs useful in improving dairy production in terms of addressing 
inadequate nutrition in dairy animals. In addition, farmers generally found it easy to use the block. 
Some difficulties in presenting the block were reported but farmers innovated different methods 
of presentation in order to benefit from the technology. They also benefited from some unintended 
outcomes such as adoption of record keeping as a daily practice which would positively impact 
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their operations and decision-making if adopted fully. Farmers were also able to share information 
among themselves which enhanced use of MUMBs. 

Further research on how the product could be presented in different forms for ease in use in order 
to cater for needs and contexts of different farms is recommended. Further, dissemination should 
be be enhanced and studies conducted after long term use to observe whether use of the blocks 
could result into significant production changes. 
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Abstract  

Milk is the most popular food for human consumption and considered as a complete and nutritious 
food for all age groups the world over. However, due to its high nutritive value it also serves as an 
excellent growth medium for a wide range of micro-organisms both pathogenic and spoilage. 
Pathogenic micro-organisms when present in milk cause diseases and spore formers cause food 
poisoning while spoilage micro-organism lead to post harvest losses which result in huge economic 
losses within the dairy value chain.  Currently, food safety and quality concerns remain pertinent 
in Kenya with the dairy value chain being a key sub-sector in addressing safety concerns emanating 
from the quality of feeds particularly with aflatoxin; antimicrobial residues from veterinary drug 
use; addition of chemical preservatives ostensibly and illegally used to prolong shelf life of raw 
milk; proliferation of spoilage microorganisms due to an inefficient milk collection and bulking 
system as a result of fragmented smallholder milk producers; inefficiently utilized milk cooling 
facilities; prevalent sale of raw milk through the informal milk market channels; prevalent use of 
plastic containers and unhygienic milk production and handling practices. These factors contribute 
to the low quality of milk delivered to the dairies and potentially pose health risks to consumers. 
The Kenyan constitution, Articles 43 and 46 entitles consumers to safe and quality foods, which 
in essence is to protect consumers from health hazards and to promote good public health. To 
deliver on this constitutional requirement there is need for the dairy value chain actors to put in 
place mechanisms which could lead to improvement in quality and safety of milk and milk 
products.  In order to trigger upstream activities geared towards production, processing and 
handling of safe and quality milk and milk products, sensitization of consumers and the dairy value 
chain actors on the potential health risks associated with sale and consumption of unsafe and poor 
quality milk and milk products is required.   

Introduction  

Milk is the most popular food for human consumption and is considered a complete and nutritious 
food for all age groups across the world (Walstra et al., 2006). Milk and dairy products are the 
most affordable animal source foods in low- and middle-income countries (Muunda et al., 2021). 
Demand for milk and dairy products has been increasing globally because of rapid population 
growth, urbanization and shifts in dietary patterns (Gerland, et al., 2014).  In low and middle 
income countries like Kenya, demand is growing driven by rising incomes, changing lifestyles and 
the increasing awareness of the functional benefits of milk and dairy products (Maigua, 2012) ). It 
is projected that demand for milk in East Africa will increase by 43% by 2050 over a 2005/2007 
base (Pica-Ciamara et al. 2013). To take advantage of this growing demand for milk and dairy 
products, value chain actors not only need to increase productivity levels but also produce milk 
and milk products that meet food safety standards (Lemma et al., 2018).   
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Due to its high nutritive value, milk is also a good media for growth and multiplication of bacteria 
if not handled well. Raw milk has been associated with pathogenic bacteria such as Baccilus 
tuberclosum, Brucella arbotus, Escherichia coli, Pseudomonas spp. Listeria monocytogenes and 
Staphylococcus spp. among others. These micro-organisms have potential to cause diseases such 
as tuberculosis, brucellosis; diarrhea and in the case of spore formers like Staphylococcus aureus 
severe food poisoning. Poor milk quality and food safety risks have been identified as major 
challenges in the dairy sector in low- and middle-income countries with weak food safety 
management systems and low compliance to food safety standards (Amenu et al., 2019).  

In Kenya, the quality of milk delivered to the dairies remains a major challenge for dairy processors 
and subsequently final consumers with food safety and quality concerns emanating from milk 
production, bulking, processing and distribution practices. To minimize health risks associated 
with consumption of milk and milk products there is need for an integrated approach in 
implementation of practices within the dairy industry that guarantees its integrity from ‘farm to 
glass’ (Grace et al., 2007). Poor quality milk reduces acceptability, shelf life of the processed milk 
and milk products and reduces access to markets (Nyokabi et al., 2021).   

Studies by International Food Policy Research Institute, (IFPRI, 2018) on the compliance to milk 
safety standards in Kenya, indicated that between 43% and 96% of milk samples taken from 
Kisumu, Nandi, Nairobi and Kiambu counties did not meet KEBS microbiological standards. 
Contaminants found in the milk samples included aflatoxin, antimicrobial residues and harmful 
preservatives such as hydrogen peroxide.  Such contaminants are likely to take a huge toll on 
human health. It is estimated that, on average, 855 lives are lost every year in Kenya due to milk-
related infectious diseases, such as brucellosis and salmonellosis, and that the related health costs 
amount to over 400 billion Kenya shillings (Ndambi et al., 2018). A study by Wanjala et al, (2014) 
in western Kenya identified milk quality concerns in the milk supply chain which included: 
adulteration with water (65.5%), addition of chemical preservatives (18%) and physical dirt 
(13.5%) with a significant correlation between channel and contamination of milk. Direct sales 
from farmer to consumer and farmer-trader-consumer channels had the greatest addition of water, 
dirty milk and chemical contamination due to inadequate or lack of quality checks.  

In the recent past, new pathogens have emerged with reservoirs in healthy food animals, from 
where they spread to an increasing variety of milk and milk products. If raw milk is consumed as 
such or if there is a problem in steps of milk processing it may lead to severe outbreaks of food 
borne illness (Mogha et al., 2016). Some of these pathogens include; verotoxin producing micro-
organisms such as; Escherichia coli O157:H7 that causes symptoms ranging from diarrhea, bloody 
stools, haemolytic uremic syndrome and even death from renal failure (Kamal, 1989); Listeria 
monocytogenes that causes listeriosis, an infectious disease whose outbreaks are associated with 
consumption of fresh cheeses and milk and occurs as a consequence of post-pasteurization 
contamination (Kasalica et al., 2011). The bacteria has the ability to grow and multiply at low 
temperatures (4oC) and even to survive freezing temperatures. Manifestations of listeriosis include 
meningitis, ulcers, pneumonia, and intra-uterine or cervical infections in pregnant women, which 
may result in spontaneous abortion in the second  and third trimester or still birth. Helicobacter 
pylori is a pathogen that may be transmitted through contaminated milk. It is found in the stomach 
and duodenum and is responsible for ‘gastritis’ an underlying condition which eventually causes 
ulcers. Infection with H. pylori for a long period of time 20-30 years can lead to cancer of the 
stomach and as such World Health Organization has classified H. pylori as a ‘Class- I Carcinogen’. 
The organism is destroyed by pasteurization. Campylobacter jejuni is found naturally in soil, 
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water, and farm waste and in the digestive tract of animals. In humans, it causes campylobacteriosis 
which is characterized by stomach inflammation and profuse diarrhea. Consumption of raw or 
under pasteurized milk is the major cause. The infection is usually self-limiting.  Mycobacterium 
avium spp. paratuberculosis (MAP) is the causative agent of paratuberculosis, or Johne’s disease, 
a chronic granulomatous enteritis that affects all ruminants. MAP has been isolated from intestinal 
tissue of human patients suffering from Crohn’s disease.  MAP has been detected in most bulk 
milk samples and is suspected to be the potential vehicle for transmission to humans. Public health 
concerns of MAP in milk due to its ability to survive milk pasteurization temperatures; 
Enterobacter sakazakii is a rare cause of invasive infection with historically high fatality rates (40–
80%) in infants. E. sakazakii infection has been associated with the use of powdered infant 
formula, with some strains able to survive in a desiccated state for more than two years. It can 
cause meningitis and necrotizing enterocolitis which can be accompanied by seizures, brain 
abscess, developmental delay and death. E. sakazakii has a higher thermal resistance as they can 
survive the spray drying process of the milk. Bacillus cereus is facultative anaerobes found in the 
soil. They can produce endospores which are resistant to heat and pH between 2 and 11.  
Endospores germinate in improperly pasteurized and not well refrigerated milk foods. Ingestion 
leads to gactro-intestinal pain, diarrhea and vomiting. Other traditional pathogenic micro-
organisms associated with milk borne diseases include bacillus tuberclosum (tuberculosis; 
brucella arbotus  (brucellosis) and coxiella burnetti (Q- fever). Pasteurization regimes have been 
designed to destroy these as target micro-organisms.   

Milk production and handling practices  

In Kenya, milk is primarily produced by an estimated 1.8 million smallholders’ dairy farmers 
under three main production systems – zero grazing, semi zero grazing and extensive grazing 
accounting for 80% of the total milk production (Tegemeo, 2021). The milk production and 
handling practices include keeping the cow in a suitable environment; maintaining animal health; 
maintaining clean milking environment; providing quality feeds, application of proper milking 
techniques, wearing the right attire and observing personal hygiene during milk production and 
handling. However, the efficiency and level of compliance with recommended milk production 
and handling practices can adversely influence the quality and safety of the milk and dairy products 
(Lindahl et al., 2018; Ndambi et al., 2018).  

 

An analysis of milk quality along dairy and associated value chains in Kenya revealed relatively 
intensive dairy systems in urban locations, semi-intensive dairy systems in mid rural locations and 
extensive dairy systems in extreme rural locations by Nyokabi et al., (2021) in Laikipia, Nakuru, 
and Nyandarua counties. Out of the milk sampled from both formal and informal channels 16.7% 
had water added to it, 8.8% had somatic cell count above 300,000cfu/ml, 42.4% had E.coli, 47.9% 
had Pseudomonas spp, 3.3% had Styphylococcus spp and 2.9% tested positive for Brucella arbotus 
antibodies.  Contamination of milk with bacteria such as Escherichia coli and Salmonella spp is a 
sign of poor milk handling and hygiene practices. Zoonotic bacterial diseases such as brucellosis 
and Q-fever caused by Coxiella burnetti are major public health concerns for consumers in Kenya 
(Wanjala et al., 2017).   

Diseases such as mastitis have been found to impact negatively on milk yield, industrial dairy 
processes and food safety. The most prevalent contagious pathogens in bovine mastitis are 
Staphylococcus aureus and Streptococcus agalactiae. As a spore former, S. aureus has been 
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associated with outbreaks of food poising due to secretion of toxins. Mastitis also affects 
composition of milk and elevates the somatic cell counts with negative influence on cheese yield 
and quality (Valente et al, 2019). Observations of milk quality practices by Nyokabi et al., (2021) 
indicated that less than 50% of the farmers perform mastitis test before milking.  

The quality and safety of traded dairy and milk products produced in unhygienic conditions raises 
public health concerns. Micro-organism such as Listeria monocytogenes, Salmonella spp, 
Compylobacter jejuni, Bacillus cereus, Coxiella burnetti and E. coli O157:H7 are predominantly 
found in unclean environments (Valente et al, 2019). The percentage of farmers using treated water 
in counties of Laikipia, Nakuru and Nyandarua were 20.9%, 22.3% and 23.3% respectively 
(Nyokabi et al., 2021).  Use of untreated water is likely to contaminate milk with Pseudomonas 
aeroginosa, Clostridium spp. and Bacillus subtillis among others with serious health consequences 
(Valente et al, 2019)    

Milk collection, transportation and bulking practices   

Milk which is hygienically produced and handled at the farm can still get contaminated if proper 
care is not taken during milk bulking and transportation. Equally important is the storage 
temperature and the length of time taken to deliver the milk to the cooling or processing plant. 
These factors influence the total bacterial count and types of bacteria present in the raw milk bulk 
tank (Murphy and Boor, 2000). 

The complexity of the milk supply chain due to fragmented small scale milk producers in Kenya 
and interlocking raw milk supply system makes it possible for the milk supply at different tiers to 
become sources of contamination irrespective of presence or absence of the initial sources of risks 
at the farm. Informal milk trade controls over 70% of the marketed milk where most of the milk is 
bulked by traders and transporters along the roads usually in unhygienic conditions exposing milk 
to pollutants and insects. Transportation of the bulked milk is done using motorcycles. In its 
uncooled form and in warm climatic conditions prevalent in most parts of our country, any delay 
in milk delivery to cooling centres will lead to microbial growth and multiplication (Ndungu et al., 
2016). The problem of milk spoilage is further compounded by poor road network which affects 
milk delivery to the cooling centres and markets (Muia et al 2011). 

The use of plastic jerry cans which are common among motor bike transporters are not easy to 
clean and disinfect (Orregard, 2013). This results to less hygienic handling and contributes to milk 
quality deterioration compared to use of aluminum and stainless-steel cans.  Use of plastic 
containers has been reported to be prevalent in both formal and informal milk marketing channels. 
In an appraisal report by GIZ – GFA, (2019) on practices by smallholder dairy farmers within 30 
dairy cooperatives under the GIZ – GFA Dairy Value Chain project in Siaya, Kakamega and 
Bungoma counties indicated that over 70% of the farmers’ deliver milk to cooperatives using 
plastic containers. Nyokabi et al., (2021) observed practices by the value chain actors by in 
Laikipia, Nakuru and Nyandarua counties which revealed that nearly all informal milk traders 
ferried milk in plastic containers. The study further showed that almost all traders lacked personal 
protective clothing and bulked their milk in open areas without hand washing facilities.  

Inadequate and inefficient cold chains pose major risks to milk contamination. Even where cold 
chains are available, informal traders next to urban centres deliver milk directly to consumers in 
institutions and hotels limiting the volumes supplied for cooling. Most of this milk has undergone 
very limited quality checks i.e. organoleptic and lactometer tesst.  Fragmented dairy farmers with 
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low volumes, lack of strategic milk collection arrangements, and fluctuating milk supplies 
according to seasonality negatively affect the quality of milk along the entire dairy value chain.    

Milk processing practices  

More than half of the milk in the formal channels is handled by four major processors who include 
New Kenya Cooperative Creameries, Brookside Dairy Limited, Githunguri Dairy Cooperative and 
Sameer Agriculture & Livestock while the rest is handled by a combination of more than 25 
medium scale milk processors, 67 cottage industries and mini dairies spread across the country 
(KDB, 2019).  The processors handle about 20% of the total milk with the remaining 80% of milk 
being marketed through informal channels whose outlets comprise of rural households, institutions 
and hotels.  

The bulk of the milk is processed into fluid milk. According to Technoserve (2008), 85% of 
processed produce in Kenya is sold as fluid milk either as short life pasteurized milk or long-life 
UHT milk. Yogurt makes another 3%, fermented cultured milk 7% and powder milk 3%, with 
value-added products such as cheese and butter making less than 2%. A study by Muia et al (2011) 
in Nyandarua milk shed, found that most of the milk (65%) was marketed raw and through 
informal channels. Since raw milk is highly perishable loses along the informal channels were 
found to be high and in addition milk at various levels of spoilage is likely to be sold to 
unsuspecting consumers.  

Inadequate adoption of a quality-based payment system by processors has acted as a disincentive 
to production of high quality milk which adversely affects the safety and quality of processed milk 
products.  A quality-based milk payment system is based not only on quantity but also on a number 
of quality standards with an aim of providing premium quality milk for the benefit of all players. 
Payment based on quality would lead to improved efficiencies (yield and consistency) in 
processing and marketing. If the quality of milk marketed does not meet set standards, public 
health, market access, shelf life and profitability are compromised (Njiru, 2018) 

In order to encourage production and delivery of safe and quality milk, processors should be ready 
and willing to meet the additional costs incurred by producers. The study by Njiru (2018), 
established that farmers delivering grade A milk earned an additional Ksh 3.86/kg of milk 
delivered under collection and bulking enterprises. This additional income was enough to cover 
for the costs of implementing recommended milk production practices which amounted to KES 
1.55/kg resulting in a profit of KES 2.31/kg.  The study further found that production of safe and 
quality dairy products resulted in public health benefits amounting to KES 44.1/kg of grade A 
milk. This was a major incentive supporting investment in milk quality payment by processors.  

Milk purchases and consumption practices  

Kenya’s milk demand is growing at a rate of 7 percent with an annual per capita consumption of 
milk and dairy products currently estimated at 110 litres of liquid milk equivalent and projected to 
double to 220 litres by 2030 (KDB, 2019).  Demand for milk and milk products has been increasing 
due to the growing awareness about its functional benefits and the understanding of the linkage 
between diet and health and the interest in self-health maintenance. However, there has been 
limited awareness among consumers on the potential health risks which could be associated with 
consumption of unsafe and poor-quality milk and milk products. These risks include diseases, food 
poisoning outbreaks and low nutrient levels.   
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Purchase of raw milk has been a common phenomenon in the Kenyan milk market with most 
households’ showing preference for whole raw milk rather than the processed and packaged.  
Walke, et al. (2014), found that almost all (99%) of the households who purchasing raw milk 
boiled it prior to consumption, thereby decreasing the number of pathogens in it. However, in 
addition to the presence/number of pathogens in the milk, there are also other quality and safety 
issues (e.g. milk adulteration with water, antibiotic residues, addition of chemical preservatives 
and aflatoxin contamination from feeds) that persist even when milk is boiled prior to 
consumption.  The study further found that 45% of raw milk consumers had never heard about 
aflatoxin and its effects on human health.   

In a study by Bebe et al., (2018) about consumers’ milk purchase and quality perception in 
(Nairobi, Nakuru, Uasin Gishu and Kakamega counties found that raw milk purchase (average of 
6 litres/ household/week) is higher compared to packaged milk (3.3 litres/household/week). The 
authors found that raw milk is bought from different outlets (directly from the farm, mobile traders, 
milk bars, shops and kiosks) while processed milk was mainly bought from supermarkets. Among 
the milk and milk products, raw milk was the most preferred by consumers followed by pasteurized 
milk while powdered milk was the least preferred. Raw milk was purchased by 99% and 84% of 
rural and urban households, respectively (Njarui et al. 2011).  In the rural areas, milk shops/bars 
and neighbors with dairy cattle were the major sources of raw milk. For the urban households, a 
large proportion of raw milk is supplied by itinerant milk traders. Milk shops or bars located 
strategically in urban residential areas are also important sources of raw milk. 

Incomes influence access to safe and nutritious milk and milk products with urban households 
consuming 16 and 12 litres/month more raw and pasteurized milk, respectively, than rural 
households ((Njarui et al. 2011).  Cornelsen et al. (2016) conducted a survey in peri-urban Nairobi 
(Dagoretti and Korogocho) assessing the drivers of demand for animal-source foods (ASF). The 
study found that nearly all households (91%) purchased milk in the previous week, which 
accounted on average for 47% of all the total ASF expenditure an indication that any food safety 
concerns with milk and milk products is likely to affect majority of households in Kenya.  Bebe, 
et al.,(2021), found that milk consumers purchased larger quantities of and spend more on the 
cheaper products (raw milk, packaged milk and ultra heat treated milk) compared to the more 
expensive products (such as cheese, butter, ice cream).   

Majority of the studies targeting urban and rural consumers established that consumers preferred 
raw milk because of its better taste, higher butterfat content, lower price, availability, and the fact 
that for low income earners it could be bought in different volumes/amounts. The high-income 
consumers preferred pasteurized milk linking it to better quality and the convenience of 
transporting and storage.  

In the case of aflatoxin contamination studies by Walke, et al. (2014) and Mtimet, et al. (2015) 
found that for both raw and processed milk, consumers were willing to pay a premium to get safe 
and better-quality milk and that for processed milk consumers were willing to pay a price premium 
of KES7/litre to get whole instead of fat-reduced milk and for aflatoxin-free milk. They were 
willing to pay a high premium of KES137/litre which reveals their concern about product safety 
and health. Alonso, et al. (2018) in their study of milk producers, traders and retailers in Kisumu 
and Eldoret towns, found that some traders reported that customers were willing to pay higher 
prices for better milk in cleaner businesses (safer and quality products).  Ndambi et al. (2018) in 
their study on quality-based milk payment system (QBMPS) in Kenya, recommended that 
consumers should be duly informed about the difference in milk quality that goes through a 
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QBMPS; they may accept a higher price for products generated from it, which could (partly or 
entirely) compensate the costs borne by the processor. Wayua, et al., (2009) in a study in Moyale 
town found that informed older women (age and gender) are willing to pay more for improved 
sensory characteristics and/or assurance of milk safety when compared with other market 
participants.  Thus, socio-demographic factors like age, gender, education level, and number of 
children are among the factors influencing consumers’ willingness to pay for better quality and 
safer milk (Jerop, et al., 2013). Studies have shown that irrespective of level of incomes preference 
is highest on packaged milk from the supermarkets followed by raw milk directly from the farms 
while the least preference was on milk from mobile traders an indication that consumers are more 
concerned about the safety and quality of the products they consume.  

Trust is a means by which consumers mitigate the risks of consuming non-safe milk.  Walke, et 
al. (2014) found that 40% of raw milk consumers knew the farmer who produced the milk and 
95% of them fully or mostly trusted the farmer to provide hygienically produced milk. In the 
absence of objective measurements of quality and safety of the dairy products there can be serious 
health consequences if the supplier does not reciprocate the trust accorded by the consumers. Bebe, 
et al., (2018) in his study in Nairobi, Kisumu, Eldoret, Nakuru and Kakamega counties found that 
consumers associated milk vending machines with less risk of adulteration, bacterial load, 
unhygienic handling and antibiotic residues than they did with the mobile-traded milk. 
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Second/third/fourth tier suppliers - 
Milk traders 150 actors each handling 
on average 200 liters per day 
- Bulking small volumes 
- Transfer to containers  
- Delays in collection 
- Use of plastics  
- Adulteration with water  
- Chemical preservatives  
- Unregulated 
 

Private milk enterprises - approx. 10  
- Each handle  average of 500 liters per day 
- Inefficient processing operations  
- Inadequate GMP 
- Lack of HACCP plan 
- Inadequate sanitary procedures 
- Limited technical skills   

 

4,531,332 Consumers, purchasing 498,446,520 kg of milk per year (326, 105,705 locally produced+ 172,340,815 kg of milk from outside region) 
Risks related to consumer behavior:    Lack of awareness on quality and potential health threats;    
                                                                  Preference for quantity vs. quality; 
                                                                  Preference for low prices;   
Effects:                                                     Exposure to health risks (Diseases; Food poisoning) and  low nutrition level 

First tier supplier - 71.770 Smallholder 
dairy farmers, produce 326,105,705 kg 
milk 
- Poor milking practices  
- Poorly rinsed cleaning agents  
- Veterinary drug residues 
- Use of plastics containers 
- Unhealthy and unhygienic milk handler   
- Adulteration with water  

 
 

Second tier suppliers – over 150 
collection centres, each handling 
approximately 100 liters per day  
- Bulking small volumes 
- Fragmented farmers 
- Transfer to containers  
- Delays in collection 
-  Use of plastic containers 

 

Third tier suppliers – 37 dairy 
cooperatives, handling on average 
600 liters per day  
- Bulking from collection points 
- Transfer to cooler/bulk 

containers 
- Delays in collection 
- Inefficient chilling operations  
- Limited market access  
- Inefficient processing operations   
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Risk mapping at various levels in the milk supply chain in western Kenya counties of Siaya, 
Kakamega and Bungoma. Source: GFA – GIZ Dairy Value Chain project 

Conclusions  

The Kenyan constitution (Articles 43 and 46) entitles consumers to safe and quality food which in 
essence is to protect consumers from health hazards and to promote good public health. Attaining 
high standards in milk quality and safety is essential towards sustaining the high and growing milk 
consumption demand as witnessed by increasing shares of processed dairy products. However, to 
deliver on this constitutional entitlement there is need for the dairy value chain actors to put in 
place mechanisms which could lead to improvement in quality and safety of milk and milk 
products.  

Consumer demand for safe and quality products is the single most important intervention in 
production of quality products. To enhance demand for safe and quality products, there is need for 
awareness creation which would otherwise trigger upstream activities geared towards production 
and handling of safe and quality dairy products.   

Recommendations 

1. Sensitization campaigns through mass media targeting consumers on the health risks 
associated with consumption of unsafe and poor-quality milk and milk products.  

2. Leverage on mass media (radio) and ICT platforms to pass good animal husbandry 
practices to dairy producers.   

3. Capacity building of cooperatives and milk processors to implement quality assurance 
programmes  

4. Increased surveillance on the level of compliance with milk quality parameters, Good 
Manufacturing Practices and products’ standards specifications. 

5. Development of mechanism for implementation of a quality-based payment system to act 
as an incentive to milk producers.   
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Abstract 

In Kenya, livestock plays a significant part in household livelihoods, and therefore diseases 
introduce a shock to these livelihoods.  East Coast Fever, foot-and-mouth disease and 
Trypanosomiasis have been documented as some of the most devastating to the Kenyan economy 
and to households. However, there is scanty information on quantified losses especially at the 
household. The objectives of the study were to assess the economic impact of the diseases in Nandi 
and Taita-Taveta counties households and make recommendations. A total of 473 households were 
interviewed and a structured questionnaire administered to randomly selected households. Data 
collected enabled the quantification of household milk production with disease. Results show that 
the diseases caused milk reduction by 40% due to ECF, 76% and 56% from FMD and 
Trypanosomiasis in Nandi and Taita-Taveta counties respectively. Trypanosomosis caused a 61% 
milk reduction in Taita-Taveta County, case fatality due to ECF was 20 % in both counties, 13 % 
due to FMD in Nandi County and over 20 % due to Trypanosomosis in Taita-Taveta County. Cost 
of treatment was about four times the cost of disease prevention. It is recommended that counties 
should work with the national government to control diseases, farmers should be empowered to 
detect and prevent the diseases and institutions should play an active role to avail information on 
disease control. 

Keywords: milk loss, economic impact, social impact, cost of disease. 

Introduction  

Livestock makes a significant contribution to Kenya’s economy and the dairy sector in particular 
accounting for 14 % of agricultural gross domestic product. However, this sector is hampered by 
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cattle diseases, and among the main ones affecting dairy cattle are the Foot and Mouth Disease, 
East Coast Fever (ECF) and Trypanosomiasis. The ECF causes fatality of the infected livestock 
and forced adoption of production methods which do not allow full exploitation of available 
resources (Bennett 2003). Prevalence of ECF is more in open grazing systems than in other 
production systems (Gachohi, et al., 2012). Foot-and-mouth disease (FMD) is one of the most 
highly contagious  Trans-Boundary Animal Diseases and infects a wide variety of domestic and 
wildlife hosts.  It restricts trade opportunities for endemic countries and poses a constant threat to 
countries free of the disease. The FMD viruses  are not randomly dispersed throughout the world 
but are associated with specific ecological niches (Rweyemamu, et al. 2008). Trypanosomiasis 
causes suffering in animals and huge losses to farmers. Some have even argued that tsetse 
distribution is responsible for the development or lack thereof in Africa (Alsan 2015). 
Trypanosomiasis-related health problems are reported by about 11% of dairy farmers in Kenya 
(Government of Kenya 2010). Its impact can include increased calf mortalities and decreased 
calving rates as well as decreased milk yields by about 20-40% (McCord, et al., 2012).  

Despite the significant losses from these diseases, there is scanty information documented on how 
these diseases affect households. It is on this premise that this study was conducted to assess the 
economic impact ECF, FMD and Trypanosomiasis on households in Nandi and Taita-Taveta 
counties and make recommendations.  

The USAID baseline survey in 2017 showed that most of the households in 11 counties had animal 
diseases in their herd. The ECF, FMD and mastitis were the main diseases with the first two (ECF, 
FMD) having more serious negative impacts on households’ livelihoods (KALRO 2017).  It was 
against this background that ECF and FMD were selected as the main diseases for the study. 
Among the 11 counties Nandi and Taita-Taveta Counties had the highest proportion of farmers 
with dairy cows. Trypanosomiasis was added to the list of diseases for study because it was one 
of the most serious livestock diseases in Taita-Taveta counties, which lies within the tsetse range. 
Nandi County is in the highlands while Taita-Taveta County is in the lowlands of Kenya, thus 
giving a good comparison on the effects of the diseases. This study is in line with the government’s 
effort to increase food security by eradicating livestock diseases. The paper quantifies the direct 
losses from ECF, FMD and Trypanosomiasis at the household level, with an aim of facilitating 
measures to control these diseases at the household level, the basic unit of cattle management. 

Materials and Methods 

The respective household sizes of 154,073 and 71,090 for Nandi and Taita-Taveta counties 
respectively formed the sampling frame from which sample size optimization was based. The 
required sample size for farmers was determined according to (Kothari 2004) as: 

 n= (z2pq)/e2 

 Where Z is the normal variate (1.96),  q = (1-p),  p is an estimated proportion of measured attribute, 
e is the desired precision, which for this case is 5%, 

The statistically determined sample size was 473, 323 households in Nandi County and 150 in 
Taita-Taveta County. Data collection was through literature review and household surveys by use 
of a structured questionnaire. Households were randomly selected households and the data 
collected enabled quantification of household milk production of cows with and without disease. 
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Results and Discussion 

The results show milk production with and without disease, case fatalities as well as costs incurred 
for prevention and treatment of the ECF, FMD and Trypanosomiasis. 

A household loses 4.6 litres of milk per day, a 40% reduction for the entire period that the cow is 
sick as a result of ECF, and this was a statistically significant reduction (p<0.01). Assuming a price 
of KES 40 per litre, a household loses milk worth KES 184 per day. The World Bank (World 
Bank, 2015) gives the poverty line as USD1.9 per person per day. With the household size as six 
in Nandi County and five in Taita Taveta County and an exchange rate of KES 100 to the dollar, 
the World Bank poverty line translates to KES 1140 per household per day in Nandi County and 
KES 950 per household per day in Taita Taveta County.  Therefore, the loss through disease 
reduces the amount required for households to climb out of poverty by at least 16%.  

Case fatality, a measure of disease severity was about 20% and this was highest in calves in both 
counties. Taita Taveta County had 50% case fatality but no case fatality reported in mature males 
while Nandi County had 41% case fatality in calves and 4% in male adults. Mature males suffered 
less from the disease probably because of prior exposure to the pathogen which stimulated active 
immunity. The overall case fatality was 24% in Nandi County and 20% in Taita Taveta County. 

The cost of treatment, consultation and vaccination were the main cost components in controlling 
ECF, FMD and Trypanosomiasis.  The study showed that the cost of treating ECF was about four 
times (KES 3570) the cost of preventing the disease (KES 950) thus depicting the huge amount of 
money that can be saved by a household if cattle were vaccinated against ECF. The immunity lasts 
three years in the absence of further tick infestations but is life-long with continuous attack of 
infected ticks on the immunized animal  (Perry, 2016). The costs of acaricides application, is 
estimated to range between US$13 and US$20 per adult animal in Kenya (Government of Kenya, 
2011). The computed costs from the study are within this range, thus underscoring the reliability 
of the study results.   

FMD caused significant milk losses (76% reduction in Nandi and 56% reduction in Taita-Taveta)  
in terms of litres/household/day and litres/cow/day in both counties. With a price of KES 40 per 
litre, a household lost milk worth KES 438 per day for the time the cow is with the disease. 

The overall case fatality was about 13% and 4% in Nandi County and Taita-Taveta County 
respectively. The case fatality was highest in calves in Nandi County (35 %). (Gorsi, Abubakar 
and Arshed n.d.) found case fatality of 40.55% in young cattle and 22.40% in adult cattle. The 
combined cost for vaccination and consultation (KES 525) was lower than the cost for treatment 
for FMD in both counties (KES 1,083) in Nandi County while the same costs were KES 808 and 
KES for 1203 Taita-Taveta County. 

Trypanosomiasis caused a 61% reduction in milk production/household per day in Taita-Taveta 
County. Case fatality from ECF was 50% in calves, 15% in young stock and 24% in cows. The 
high case fatality in calves could be attributed to the calves’ vulnerability due to the undeveloped 
immune system. The mean cost (KES/head of cattle) of controlling and /or treating trypanosomosis 
in Taita-Taveta County was KES 676, 193 and 2059 for prophylaxis, pour-ons and treatment, 
respectively. Just like ECF and FMD the cost of treatment was higher. 
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Conclusions and Recommendations  

The economic impact of the three diseases is quite significant and households spend more money 
in treatment than prevention. This is a pointer that more emphasis should be on prevention. The 
case fatalities, although not quantified here in monetary terms, would increase further the loss to 
the households. It is therefore recommended that early detection of the disease would enable timely 
treatment of the diseases, thus saving on drugs and reducing the risk of animals dying. Institutions 
like KALRO should develop diagnostic kits that are affordable to farmers but give quick results at 
the same time. In addition, farmers should be sensitized on disease prevention measures such as 
use of vaccines to manage production costs by limiting expenditure on treatment.  

Research and Development agencies can avail information to farmers by partnering with existing 
ICT platforms like Cojengo and iCOW. Further,  KALRO should strive to be a reference laboratory 
for animal diseases. 
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Abstract  

In Kenya, beekeeping is well established and can be successfully carried out in about 80% of the 
country. The improved enterprise can be practiced favourably by resource poor farmers, especially 
women. However, the bee sector remains largely underdeveloped. In many parts of the country, it 
is still carried out traditionally and passed through inheritance. Since it is a male domain, men 
mostly inherit it leaving women who are new in the enterprise vulnerable. This study sought to 
explore gender gaps in levels of participation in improved bee keeping among the Maasai 
community in Trans Mara, Narok County. Through stratified random sampling, 180 respondents 
were selected for a household survey. Purposively, 16 key informants (KII), and four focus group 
discussions (FGDs), comprising 36 participants were interviewed. Semi-structured, structured 
questionnaires, interview guides and observations were collectively used to collect data which was 
analysed using descriptive statistics. The results revealed that women were actively involved in 
bee keeping but their participation in accessing improved equipment, trainings and income from 
honey was low in comparison to men’s. Further, the fact that men controlled high value assets such 
as livestock and land continued to widen the gender gap in the bee keeping value chain yet, the 
intention of improving it was to increase income and raise the community’s living standards. The 
study recommends empowerment in households in order to encourage sharing of improved 
equipment with those without and enhancement of collective action especially in purchase of bee 
equipment including sourcing for better markets.  

Introduction 

In Kenya, improved beekeeping harbours a great potential for increasing incomes and supportive 
sustainable development (GOK, 2011).  However, the sector remains largely underdeveloped. In 
many parts of the country, bee keeping is still carried out as an indigenous activity by men mostly 
passed through generations irrespective of new technologies in its production. On the other hand, 
since the enterprise is a male-dominated , it is men who mostly inherit it. As a result, women 
continue to be vulnerable. PACT Kenya (2010) in Mswambeni confirms that improved bee 
keeping is mainly dominated by men. Sitati and Bett (2012) argue that in Narok County, most 
apiaries are poorly managed and the local community lack capacity, causing poor occupation that 
leads to low honey production. This has impacted more on women and youth who are new in the 
enterprise. Gender issues are mentioned in most national and regional strategic plans. However, 
they are relegated to separate chapters on women, rather than treated as an integral part of policy 
and programming. Similarly, Kenya is a signatory to Sustainable Development Goals (SDGs), for 



 

 
43 

 

Livestock Transformation Agenda: Towards Climate Smart Livestock Production Systems  
 

instance, number five; achieving gender equality and empowering women and girls, and number 
ten; reduced inequalities, which was also spelt out in 2000 Millennium Development Goal (MDGs) 
number 3. The government is also committed to mainstreaming gender which is also spelt out in 
the bill of rights in 2010 constitution, and envisioned in 2030’s vision under social pillar. It is in 
this context that gender issues need to be seriously addressed if vulnerable farmers, majority who 
are women, will realise their potential and benefit in commercial agriculture. Consequently, failure 
to minimize gender inequalities in agribusiness has continued to have negative effects in realisation 
of poverty eradication not only in the study area, but in many parts of the Country. Despite the 
drawbacks, improved beekeeping has many advantages hence, compatible with vulnerable 
farmers’ needs. Consequently, it builds a case for promoting participation of all genders, and this 
is why this study explored the gender gaps in participation levels in improved bee keeping among 
the Maasai community in Trans Mara, with an aim of making it gender responsive for a meaningful 
development and food security.  

Materials and Methods 

The study used an investigative survey design. To enrich the investigation, a mixed method 
approach was most suitable. It provided data collection through in-depth interviews from KIs and 
FGDs thus, both qualitative and quantitative in nature. The choice of Trans Mara was based on 
what emanated from a three-month scoping study where bee keeping was among five commodities 
(Banana, African leafy vegetables, Passion fruits, and Indigenous chickens), that are best placed 
for increased incomes and food security for resource poor farmers, especially women. The aim 
was to understand mechanisms for development of gender responsive value chains. The target 
population comprised of farmers who were members in improved bee keeping groups in the study 
area between 2010 and 2015. The total population was therefore 632 men and women. Stratified 
random sampling was used for household surveys and focus group discussions. The list of men 
and women in improved bee keeping groups was obtained from Oral Informant (O.I) Stanley Bett 
who assisted in selecting the respondents, and 180 respondents were selected for the household 
survey translating into 28% of the targeted population (632). Similarly, the list was used to select 
36 farmers who participated in FGDs. Efforts were made to ensure gender and age was taken care 
of. Purposively, 16 men and women were selected from group leaders, bee products retailers, 
KARLO officers and agricultural officers for key informant interviews. For household survey, 
structured and semi-structured interviews were used. A FGD guide was used to collect information 
from participants in group discussions, while interview schedules were used for KIIs. Qualitative 
data were organized around themes related to research questions and analysed manually. 
Quantitative data were processed through manual editing and coding and eventually analyzed 
using descriptive statistics. Findings are presented in form of percentages, charts and frequency 
tables. 

Results and Discussions 

Participation in Access to Improved Bee Keeping Equipment 

This was achieved by assessing the percentage of men and women who had access to and control 
of improved equipment. The study sought to specify indicators as high; medium; and low. This 
was informed by the number of respondents (180), and thus, 70% and above of 180 was quantified 
as high; 50 to 69% of 180 as medium; and 49% and below of 180 as low. This is distributed in 
Table 1. 
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Table 1: Levels of Participation Indicators 

Number of respondents (180) Percentage Indicator 

126 and above 70 and above High 

90 to 125 50 to 69 Medium 

88 and below 49 and below Low 

 Source: Study indicators 

Access to Improved Hives 

Analysis reveal that a high percentage of men (76.9%) in comparison to women (23.1%), own 
KTBH. Notably, no woman owned langstroth as all are possessed by men, a scenario showing 
vulnerability of women at this stage despite the fact that they are amateurs in the business (Figure 
1). 

 
Figure 1:  Access to improved hives by gender  

Results reveal that most of those who owned harvesting gear were men 35 (97.2%), while only 
one woman had it. Furthermore, no woman possessed a smoker since all the 24 owners were men 
(Table 2). 
 

Table 2: Access to Harvesting gears a and Smokers 

 Total Frequency Male  Female  

N % N % N % Total  

Harvesting 
gears  

36 20 35 97.2 1 2.8 100 

Smokers 24 13.3 24 100 0 0 100 

 
  

76.9
100

61

23.1
0

39

0

50

100

150

KTBH Langstroth Traditional

Pe
rc

en
ta

ge

Types of hives

Male Female



 

 
45 

 

Livestock Transformation Agenda: Towards Climate Smart Livestock Production Systems  
 

Access to Quality Refining Equipment and Processing Skills  

Findings revealed that out of 180 respondents, refined honey was sold by only 75 (41.7%), that is 
47 (62.7%) men, and 28 (37.3%) women. Most beekeepers sold it raw (crude) and semi-refined 
(Table 3). 

Table 3: Types of Honey Sold by Men and Women 

Forms of selling 
honey 

N % of total N Male Female 
N % N % 

Crude 134 74.4 57 42.5 77 57.5 
Semi-refined 107 59.4 66 61.7 41 38.3 
Refined 75 41.7 47 62.7 28 37.3 
Chunk 57 31.7 32 56.1 25 43.9 
Comb 42 23.3 23 54.8 19 45.2 

 
Factors Hindering Refining Honey 

Majority of women (90.3%), indicated that the refining process was time consuming compared to 
only 9.7% men. Similarly, most women (62.5%), in comparison to men (37.5%), cited lack of 
refining materials. Conversely, more women (56.4%), in comparison to men (43.6%), stated lack 
of knowledge (Figure 2). 

 
Figure 2: Factors that are Hindering Refining Honey.  

Access to Quality Refining Equipment 

Findings reveal that out of 87 respondents, majority were using honey press (smashing crude honey 
by use of ‘kitchen stick’ then passing it through locally available materials like mosquito nets to 
remove dirt and particles), (73.3 % men and 79% women). This shows that few men and women 
have access to quality refining equipment. However, more women (20%), in comparison to men 
(14.3%), had access to perforated plastic strainers while only the latter (12.4%), had access to filter 
tanks (Table 4). 

Table 4: Access to Quality Refining Equipment 

 N % of total N % Male % Female 
Honey press 69 79 73.3 79 
Perforated plastic strainer 12 14 14.3 20 
Filter tank 5 6 12.4 0 
Others (e.g. boiling) 1 1 0 1 
Total 87 100 100 100 
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The study noted that to refine and package quality honey, a beekeeper needs to purchase several 
equipment besides quality time, factors that constrain resource poor men and women. Thus, though 
a few are refining, purchasing necessary and quality materials constrain women more than men 
due to gender-related challenges, key among them, income. Processing and marketing associations 
can assist men and women beekeepers to collectively use simple but quality methods that are not 
expensive.  

Access to Quality Packaging Materials 

Results show that most men and women are using readily available containers such as cooking fat 
jars though women (48.9%), were more compared to men (37.1%). Equally, more men (25.9%) 
compared to women (19.2%) had access to quality plastic jars with lids (Figure 3). 

 

 
Figure 3: Materials used to Package Honey  

 
Access to Value Addition and Marketing Channels   

Participation in Value Addition 

Findings revealed that out of 180 respondents, only 30 (16.6%) women and 20 (11.1%) men were 
using bee products to make local brew indicating low participation in value addition. 
Unfortunately, though adding value by making brew is meant to increase profit, it has created new 
challenges among community members. Many respondents indicated that a number of men and 
women, both young and old, were perpetually drunk most part of the day. Persons who engage in 
excessive uptake of local brew cannot benefit positively despite the commercial shifting of bee 
keeping. Not only do they possibly drink all the income earned from the enterprise, but also deviate 
from increased income and raised standard of living. Awareness initiatives are important especially 
to educate both genders on value addition that is beneficial to the community such as making 
candles using bees’ wax which the study established, is thrown away or sold with honey 

Access to Marketing Channels of Bee Products  

Analysis showed that more married women (31.9%), in comparison to single ones (12.7%) and 
men (20%), were selling to local consumers. Conversely, many single women (31.5%), compared 
to men (11.1%), and married women (9.8%), were using open air markets (Table 5). 
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Table 5: Marketing Channels of Bee Products (%) 

 N % Married women Men Single women 
Middle men 133 31.8 25.4 15.4 14.3 
Local Consumers 127 30.4 31.9 20 12.7 
Local retail shops 76 18.2 30.7 21.1 20.1 
Open air market 43 10.3 9.8 11.1 31.5 
Wholesale/cooperative 39 9.3 2.2 32.4 21.4 
Total 418 100 100 100 100 

 
The study found that wholesale and cooperative channels offered better prices compared to local 
retail shops and open air markets. Alternatively, middlemen and local consumers offered the 
lowest prices because they bought at the farm gate. 

Discussion  

Women’s access to improved equipment is low and they continue to be vulnerable in stages where 
value is high. These findings corroborate King (2013) who indicated that though improved bee 
keeping had increased access to income among women, their participation decreased towards 
higher levels of the chain where value is added significantly. This negates the intention of 
improving bee keeping which was to increase household income and raise the living standards 
among the Maasai community. Consequently, as Ruchi et al. (2012) argues, it is often assumed 
technologies have the same impact on men and women, when in fact, they do not, a scenario that 
has resulted to negative impacts in interventions that are intended otherwise. Similar findings by 
Mujuni (2012), who argues that majority of Ugandan men still hold onto the tradition of keeping 
women out of most men’s activities. The aim of improving bee keeping equipment was, among 
other reasons, to make them favourable to vulnerable farmers, majority who are women yet, they 
are still marginalised. According to Martin et al., (2012), women beekeepers face cultural and 
social barriers that do not allow them to participate actively in the improved enterprise and this 
hampers all attempts to improve production skills, competencies and know-how as well as in 
marketing bee products. Majority of those who have access to wholesale and cooperative outlets 
which offer better prices are men. World Bank (2012) indicates that due to complex requirements 
within value chains, women are disadvantaged in obtaining access to new and well-paying 
markets. They tend to have limited experience, lower levels of education and mobility. As a result, 
although they may engage in marketing at varying degrees, and in many different ways, gender 
dynamics at household level restrict their access to more lucrative markets. The study recognizes 
development interventions’ commitment to alleviating poverty in rural areas. However, this effort 
will yield positive results if they maximize productive potential of women and youth by promoting 
gender equity.  

Conclusion and Recommendations 

Challenges in access to capital, gender related factors such as mobility, time, and cultural 
perceptions, impacted negatively on participation levels especially in accessing improved 
equipment, trainings, and also control of income from bee products. Consequently, these factors 
have affected women more than men, yet the former are new in bee keeping, thus, their need for 
capital, including moral support, is greater than men’s. Further, the fact that men control high value 
assets such as livestock and land, continues to widen the gender gap in improved bee keeping value 
chain whose intention is to increase income and raise the community’s living standards. To 
increase both genders’ access to improved equipment, bee keeping interventions should partner 
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with KALRO, MOA and county governments in order to raise awareness and initiate household 
empowerment among the participating men and women. Gender responsive forums within their 
localities can be used. For instance, sharing productive resources in households and neighbourhood 
can be instigated by encouraging men and women who own improved equipment to share with 
those without. This can motivate the vulnerable, majority who are women, to transit gradually 
from traditional into modern equipment.  
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Abstract 

The Constitution of Kenya addresses the exclusion and marginalization of communities, including 
pastoralists in decision-making processes that impact their welfare. It outlines the objectives of 
devolution to include “enhanced participation of the people in the exercise of the powers of the 
State and in making decisions that affect them; to protect and promote the interests and rights of 
minorities and marginalised communities; and to promote social and economic development and 
the provision of proximate, easily accessible services throughout Kenya.” Participation means the 
involvement of individuals and groups that are positively or negatively affected by, or that are 
interested in a proposed project, program, plan, legislation or policy. A key trait of the pastoralist 
community is their movement from place to place which raises the question ‘Is it possible to 
promote pastoralists’ participation in county governance?’ Pastoralists’ food security in the era of 
climate change is dependent on a package of alternative livelihood options (animal feeds 
preservation, value addition on livestock products and hand craft) not livestock rearing only. 
Enhancing livelihoods of pastoralists is one of the challenges that County Governments must 
embrace. One recommended option is making use of proven agricultural Knowledge, Information 
and Technologies (KITs) relevant for pastoral areas such as those developed by the Kenya 
Agricultural and Livestock Research Organisation (KALRO) Marsabit Centre to enhance the 
livelihoods of pastoralists. 
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Abstract 

Poultry production is a major source of livelihood in western Kenya. However, feeding is a 
challenge. African indigenous vegetables are rich sources of essential amino acids, vitamins, 
minerals and antioxidants and the cheapest in terms of affordability and most abundant source of 
proteins. This study aimed to determine the nutritional composition of meat of KALRO improved 
chicken fed on five types of indigenous vegetables—African nightshade (Solanum spp.), spider 
plant (Cleome gynandra), slender leaf (Crotolaria spp.), amaranth (Amaranthus spp.) and cow pea 
(Vigna unguiculata). In addition, the chicken were fed on formulated feed comprising of maize 
(56%), soybean (28%), wheat bran (10%) and 5% omena fish (Rastrineobola argentea). The 
control were chicken fed only on the formulated feed. The chicken were slaughtered at the age of 
16 weeks. Breast samples were used for nutrient analysis—proximate analysis (moisture, fat, 
protein, ash and carbohydrates) and minerals (calcium, iron and zinc). The proximate composition 
of chicken meat varied with the vegetable fed. Meat of chicken fed on slender leaf had the highest 
moisture content (72.7%), whereas chicken fed on cow pea had the lowest moisture content 
(69.6%). Protein content was highest in poultry meat fed on amaranth (26.9%) and spider plant 
(26.4%), there being no significant difference in the protein content with the control animals. Fat 
content was lowest in poultry meat fed amaranth (0.5%) and highest in birds fed on cow pea 
(1.9%). Poultry meat from chicken fed on nightshade had the highest calcium content (140.4 
mg/100g), followed by amaranth (128.3 mg/100g), cow pea, slender leaf and spider plant, 
respectively. Meat from control chicken had the lowest calcium content (98.4 mg/100g). Poultry 
meat from chicken fed night shade had the highest iron content (51.9 mg/100g), followed by 
amaranth (46.8 mg/100g) while slender leaf had the least. In all the nutrient parameters, birds fed 
on the control diet exhibited the lowest values of all the nutrient parameters studied. This study 
indicates that low fat and high protein meat can be obtained from chicken fed on indigenous 
vegetables. From a human nutrition point of view, this finding indicates that amaranth and 
nightshade vegetables can be used as poultry feed as they lead to high protein content in the meat 
and less fat content. These vegetables should be up-scaled by chicken farmers in the region.  

Keywords: Indigenous chicken, proximate, mineral content, meat, Kenya 
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Introduction 

Chicken plays an important role both economically and socially in many communities as a source 
of food and income. The poultry industry in Kenya is estimated to contribute about 1.7% GDP to 
the Kenyan economy (MoALF, 2019).  Chicken meat provide cheap protein that is important 
especially to children, the elderly and pregnant women. Feeding is often a challenge for chicken 
farmers. Though the chicken meat has many advantages, data on the nutritional quality of its meat 
in Kenya is largely non-existence. 

Kenya Agricultural and Livestock Research Organisation (KALRO) and stakeholders have been 
testing various indigenous vegetables in on-farm trials. These vegetables include grain amaranth 
(AH-TL), leafy amaranth (EX-ZIM), spider plant (PS), African nightshade (BG-16), slender leaf 
(local landrace) and cowpea (local landrace). The on-farm trials aimed to integrate vegetable 
farming with poultry production—poultry manure being used in vegetable fields to increase yields. 
The vegetables were, on the other hand, used in the households, and excess were used to feed the 
poultry. 

The objective of this work was to evaluate the nutritional composition of meat of KALRO 
improved chicken (KIC) fed on five types of African indigenous vegetables (AIV)—African night 
shade (Solanum spp.), spider plant (Cleome gynandra), slender leaf (Crotolaria spp.), amaranth 
(Amaranthus spp.) and cow pea (Vigna unguiculata). The findings could be used to improve 
nutrition in Kenyan households by encouraging consumption of chicken meat, while overcoming 
feed shortages by using locally available indigenous vegetables. 
 
Materials And Methods 

Study area 

The study was conducted in Busia, Kakamega and Vihiga counties of Western Kenya. These sites 
represent major AIV growing agro-ecological zones in western Kenya. Site identification was done 
by Implementing Partners (IPs)—Anglican Development Services, Western Region (ADS-W) in 
Vihiga and Busia, and Agrokenya in Kakamega. The sites were confirmed by KALRO before land 
was prepared. Criteria used to select farmers were: farmers had to belong to either of the groups— 
youth, women, people living with physical disability and/or HIV/AIDs; demonstration plot had to 
be owned by the group, willingness to provide labour for crop management, and willingness to 
receive other farmers to learn from the demonstration plots.  

Experimental design 

This was part of a larger study of integrating African Indigenous Vegetables and Poultry 
Production. Poultry manure was used to grow the AIVs, and AIVs were also used as poultry feed. 
The poultry were allocated to five types of African Indigenous vegetables—African night shade, 
spider plant, slender leaf, amaranth, cow pea. Control was chicken feeding on formulated feed only 
(Table 1). Each vegetable type was allocated 6 birds of KIC. Those on vegteables were given 
formulated feed plus supplementation with the various indigenous vegetables allocated to them ad 
libidum (Fig. 1). All chicks came from a single breeder flock at KALRO Kakamega at age of 10 
weeks and fed on the vegetables for 7 weeks (up to week 16). The formulated feed was as follows: 
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Table: Formulated poultry feed in western Kenya 

Ingredient Percentage (%) 

Maize 56 

Soybean 28 

Wheat bran 10 

Omena 6 

Total 100 
 
The design was as follows: 

Experiment 1: Poultry birds fed on African night shade + formulated poultry feed 
Experiment 2: Poultry birds fed on African night shade + formulated poultry feed 

Experiment 3: Poultry birds fed on African night shade + formulated poultry feed 
Experiment 4: Poultry birds fed on African night shade + formulated poultry feed 
Experiment 5: Poultry birds fed on African night shade + formulated poultry feed 

Control: Poultry birds fed on formulated poultry feed only 
 
The birds were fed the formulated poultry feed as follows: 
 
Week 11: 63g/bird/day 
Week 12: 68g/bird/day 
Week 13: 71g/bird/day 
Week 14: 73g/bird/day 
Week 15: 75g/bird/day 
Week 16: 77g/bird/day 
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Figure 1: Improved KALRO chicken grazing on slender leaf 

Sample collection and nutrient analysis 

The poultry were slaughtered when they were 16 weeks old. Breast samples were used for nutrient 
analysis. The meat was transported in ice and cool boxes (0-4°C) to the laboratory for analysis.  
Proximate composition (moisture, fat, ash, protein and carbohydrates content) and mineral content 
(Zinc, Calcium, Iron) were determined following standard procedures of the Association of 
Analytical Chemists (AOAC, 2000). 

Data analysis 

The data were analysed in MS-Excel. 

Results and Discussion 

Proximate composition of poultry meat 

The proximate composition of poultry meat varied with the vegetable fed on the poultry (Table 2). 
Meat of poultry fed on slender leaf had the highest moisture content (72.7%), whereas poultry fed 
on cow pea had the lowest moisture content (69.6%). These values are similar to those reported 
for poultry meat in Kenya (Chepkemoi et al., 2017), but slightly lower that the values reported in 
Benin (Tougan et al., 2013). 
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Table 2: Proximate composition of poultry meat 

Poultry fed on specified 
indigenous vegetable 

Moisture (%) Fat (%) Protein 
(%) 

Ash (%) Carbohydrates 
(%) 

Cow pea  69.61 1.89 26.64 1.47 0.39 

Slender leaf  72.74 1.11 18.03 0.99 7.13 

Night shade  70.61 0.87 19.46 1.09 7.97 

Spider plant  71.68 1.18 26.36 0.86 0.03 

Amaranth  71.38 0.51 26.85 1.27 0.04 

Control  70.77 1.18 27.07 0.98 0.01 

 
Fat content was lowest in poultry meat from chicken  fed amaranth and highest in birds fed on cow 
pea. This agrees with the finding of Omenka and Anyasor (2010) who fed vegetable-based feeds 
to poultry in Nigeria. From this finding, amaranth decreased fat content of the meat, which agrees 
with previous reports that vegetables and fruits decrease fat deposit in the body (Nelson and Cox, 
2005; Zanini et al., 2006). The low fat content of poultry meat is important from a human nutrition 
point of view. There was no observable differences in fat content between the other vegetables and 
control. 

Protein content was highest in poultry meat of birds fed on amaranth, there being no observable 
difference in the protein content with the control animals. From a human nutrition point of view, 
this finding indicates that amaranth can be used as poultry feed as it leads to high protein content 
in the meat and less fat content. The protein content was lowest in poultry fed on slender leaf, this 
could be attributed to presence of antinutrients in slender leaf, such as trypsin inhibitors, which 
affect bioavailability of the nutrients (Sahou, 2015). 

The ash content was highest in poultry meat from birds fed on cow pea and lowest in spider plant. 
The fat content was in the range of 1.89% for cow pea to 0.51% for amaranth. These values, 
however, were lower than those reported by Chepkemoi et al. (2017). The carbohydrate content 
of the meat samples was highest in nightshade and lowest in spider plants. 

Mineral Content of Poultry Meat 

The mineral content of poultry meat from chicken fed on various AIVs is presented in Table 3. 
The most abundant mineral in poultry meat was calcium which is an essential mineral. Poultry fed 
on nightshade had the highest calcium content, followed by amaranth, cowpea, slender leaf and 
spider plant, respectively. Control chicken had the lowest calcium content. 

Table 3. Mineral content of poultry meat in Kenya  

Poultry fed on specified indigenous 
vegetable 

Minerals (mg/100g) 

 Zinc Iron  Calcium 
Cow pea  7.2 28.0 116.7 
Slender leaf  5.8 26.1 111.3 
Night shade  5.8 51.9 140.4 
Spider plant  5.7 28.7 109.1 
Amaranth  6.9 46.8 128.3 
Control  4.8 21.0 98.4 
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Poultry meat from chicken fed night shade had the highest iron content while slender leaf had the 
least. Iron, which is a trace mineral, has many functions in the body hence very important in 
maintaining healthy immune system for blood to work efficiently and transports oxygen as 
haemoglobin. From our results, consuming poultry fed on nightshade would be a better way to 
prevent iron deficiency malnutrition. The levels of iron in poultry meat in this study are comparable 
with recommended levels in human nutrition (Abbaspour et al., 2014). 

Meat from poultry feeding on cow pea had the highest zinc content, whereas poultry fed on spider 
plant had the least zinc content. Zinc is a trace element involved in many body reactions 
(Fairweather-tait, 1988). 

The control poultry fed only on compounded feed ingredient showed the least values for all the 
nutrients. This shows that supplementing poultry with the indigenous vegetables is beneficial in 
terms of improving the nutritional content of their meat, especially zinc, iron and calcium—with 
night shade and amaranth showing improved values for the minerals. Results of this study on 
calcium content of the KIC meat were similar to those reported in Kenya by Chepkemoi et al. 
(2017), but lower than those reported by Ogunmola et al. (2013) in Nigeria. However, zinc and 
iron content were higher than those reported in Kenya by Chepkemoi et al. (2017).  

Conclusions and Recommendations 

The results of the present study on the nutritional quality of breast meat of the 5 KIC in Kenya fed 
on different AIVs reveals that the content of dry matter, moisture, protein and fat are affected by 
the vegetable consumed. The meat of poultry fed on amaranth and nightshade was richer in protein 
and less fatty acids than the four AIVs.  

 
Therefore, amaranth vegetables and nightshade can be used for supplementing poultry on 
formulated feed rations. Nutrient analysis of the indigenous vegetables used in this study is on-
going and results are expected. Future studies should analyse the nutrient content of the specific 
vegetables and the formulated diet. 
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Abstract  
A feeding trial was conducted to determine the effect of inclusion of diatomaceous earth (DE) on 
digestibility of diet, enteric methane emission, and growth performance of dairy heifers. Half of 
the animals were fed the diet with or without DE in a CRBD. Compared to the control group, the 
heifers fed on diet containing DE had higher OMD (68 vs 65 %)), DM intake (3.8 vs 3.2 Kg/ head), 
water intake (20.5 vs 19.6 L/ head), and ADG (0.65 vs 0.56 Kg/ head), but lower enteric methane 
emission rate (20.5 vs 21.0 g/ Kg DM intake), (P < 0.05). However, FCR and net profit values did 
not differ between heifers fed the two diets (P > 0.05). It was concluded that the DE may have 
some positive attributes on diet digestion and metabolism and the subsequent improvement in the 
growth performance of dairy heifers fed tropical forage-based diets.  

 

Keywords: dairy heifers, diatomaceous earth, enteric methane, live-weight gain   
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Abstract 

A study was conducted in Loitokitok Sub-county of Kajiado County to characterize the 
smallholder dairy farmers through identification and and documentation of the feed resource base, 
feed utilization and other   management strategies Majority of  farmers in the region heavily relied 
on traditional natural pastures and crop residues such as maize stover for  their dairy cattle. 
Climatic fluctuations and diminishing land sizes were reported as the major cause of feed scarcity 
in the sub-county  resulting in seasonal trends. Stall feeding and grazing were   the main feeding 
strategies employed. Minimal conservation (hay and silage) were practiced by less than 10% of 
respondents leading to wastage. Appropriate interventions concerning dairy cattle feed 
management were yet to take root in the region and awareness is still low. There are however 
various opportunities for improvement of dairy production through feed production, management 
and utilization. With appropriate stakeholder involvement and participation, the potential of the 
dairy sector can be harnessed to improve the livelihoods of the smallholder dairy farmers.  

Keywords: Dairy, Fodder, Livestock, Pasture  

Introduction 

Dairy cattle production is the largest livestock agricultural subsector in Kenya though estimating 
its size is a challenge because of its largely informal nature (Technoserve Kenya, 2008). Milk from 
cattle is Kenya’s most economically important livestock product (Behnke and Muthami, 2011). 
However, dairy production faces several challenges including low productivity due to poor feed 
quality and quantities, poor infrastructure, diseases, inbreeding and poorly organized markets 
(Odero-Waitituh, 2017) among others. The challenge of feeding, often highlighted in terms of 
inadequate quantity and quality of feeds (Mnene, 2006; Thornton, 2010), is widely spread. Some 
organizations and institutions, through strategies such as research, policy interventions, 
infrastructural investments and capacity building, have also attempted to address the issues and 
challenges facing the dairy sector. 

Feed remains the most important input in livestock production and determines the economic 
viability of any livestock enterprise. Major ruminant feed resources in Kenya include natural 
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pastures, planted pastures, multipurpose fodder trees, crop residues, industrial by-products, 
commercial concentrates and supplements. Natural pastures form a major component of the basal 
diet of livestock in the arid and semi-arid lands (ASALs) while crop residues, mainly maize stover 
and pulse haulms, are commonly used in crop-livestock mixed systems (Katiku et al, 2011; Ndathi 
et al, 2013).  

The main objective of this study was to characterize the smallholder dairy production in Loitokitok 
Sub-county of Kajiado County with a focus on the feed resource base. This was done to identify 
entry options along the feed value chain for actors that could contribute to improved feed security 
in a mixed crop-livestock production system.  

Materials and methods 

Study site 

The study region has diverse ecological zones ranging from zone II around the mountain to Zone 
V in lowland areas (Gachimbi, 2002). Rainfall is bimodal with long rains received between March 
and May while the short rains fall between October and December. It increases with altitude, with 
the lowland areas receiving around 500 mm per annum while areas near the mountain having up 
to 1250 mm of rain. Mean annual temperature ranges from 22°C on the slopes of the mountain to 
30°C in the lowland regions. Soils in the region are mainly volcanic in origin (Ntiati, 2002) with 
inherent good soil fertility generally (Gachimbi, 2002). 

Data collection and analysis 

A multistage sampling technique was used in data collection. The study site was stratified into the 
five wards that form the sub-county. Agro-ecological zonation was used to capture differences in 
production systems within each ward hence giving eight locations where actual data was collected. 
A household survey using structured questionnaire was conducted in October 2017. Purposive 
sample of households rearing dairy cattle formed the sampling frame from which 202 respondents 
were selected and distributed among the sites using probability proportional to population size 
(PPS) method (Mugenda and Mugenda, 1999). The primary data was augmented through focused 
group discussions, key informant interviews, observations and individual discussions with farmers 
during field surveys. 

The Statistical Package for Social Sciences (SPSS) version 20 (IBM Corp, 2011) was used to 
analyze the data. Qualitative attributes were coded for ease of analysis and results are presented in 
form of themes. Data summaries are presented in in form of tables, graphs, descriptive and 
inferential statistics. 

Results and Discussion  

Land ownership and land use 

Land in is the study area was mainly distributed through freehold (41.4%) and traditional (50.5%) 
forms. Its use is composed mainly of mixed crop-livestock systems. Only 6.1% of respondents 
leased their land while the remainder (2%) was communal land ownership. The mean acreage and 
household land use demarcation is as shown in Table 1.   
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Table 1: Household land use distribution in Loitokitok sub-county 

Land use   Size of land (Acres) 
Mean household acreage   2.94±2.81 
Area under homestead   0.43±0.31 
Area under crop production   1.95±1.63 
Area under natural pastures   2.16±2.27 
Area under cultivated fodders  0.33±0.19 

 

With regard to livestock feeds, natural unimproved pasturelands  occupied larger swathes of land 
as compared to area under crop production. Typically smaller land sizes are set aside for cultivating 
pastures and fodders in the study site (0.33 acres) as compared to other land uses. Respondents 
attributed this to the high value placed on crops as compared to cultivated forages. The small 
average land size, (2.98 acres per household), limits further demarcation to accommodate growing 
of feeds. The average land size in the Kajiado county in which the sub-county is locatedis 4.7 acres 
(Ministry of Agriculture, 2014).  

Types of feeds, sources and utilization  

Other than Napier grass (Pennisetum purpureum), cultivated pastures, herbaceous legumes and 
fodder trees were rarely grown within the study area. 57.5 % (111) of the respondents interviewed 
have planted Napier grass as the only fodder species. Crop residues and weeds however comprised 
a key dietary component of dairy animals in the area. Naturally uncultivated pasture species, herbs, 
forbs and shrubs both on-farm and in communal areas are also an integral for grazing. Table 2 
represents the key areas where livestock keepers get their feeds for dairy cattle.  

Table 2: Source s of feed for livestock farmers in the subcounty  (N=83) 

Source of feed % N Rank 
Natural pasturelands 31.3 1 
Purchasing  25.3 2 
Weeds from cropland 25.3 2 
Farm hedges and boundaries  3.6 4 
Along terraces and river banks 3.6 4 
Public land (schools, road reserves) 2.4 6 

 

Small land sizes, lack of planting material (seeds/germplasm) and lack of knowledge were some 
of the determinants of fodder establishment in the study area. In the sub-county, knowledge about 
legume species was very low with 93% of surveyed farmers not knowing any of the important 
species. Cultivated fodder species such leucaena (Leucaena leucocephala), Leucaena diversifolia, 
gliricidia (Gliricidia sepium), calliandra (Calliandra calothyrsus) and sesban (Sesbania sesban) 
are yet to play a crucial role in the region. Previous studies have identified lack of persistence, 
resilience and socio economic reasons as factors that lead to less adoption of fodder legume 
technologies in smallholder systems in the tropics (Kebede et al., 2016).  
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Dairy cattle feeding systems 

Three main feeding systems for dairy cattle were identified in the study region. These were stall-
feeding (54.3%), a combination of stall-feeding, grazing (29.2 %), and exclusive grazing (16.2%). 
Stall-feeding involved mainly utilization of Napier grass and crop residues- mainly maize stover 
that are cut and processed then fed to the animals in the stalls. Grazing takes place on unimproved 
pastures on the farms, roadsides, public institutions and other communal lands within the locality.  

Diminishing land size, enhanced market opportunities and land use changes in East Africa are 
driving farmers to shift to different feeding strategies (Kristjanson et al, 2012; Steinfeld et al, 
2010). Combining grazing and stall feeding helps maximize on availability of feeds (crop residues 
or fodders harvested in lowland or irrigated areas in a ‘cut-carry’ system). Exclusive grazing on 
the other hand is widespread in the extensive drier pastoral lowland zones where livestock 
opportunistically graze on the communal lands and in national parks. 

Management of planted pastures 

Planting, weeding and fertilizer application are the main activities related to management of 
established pastures and fodders.  44.6% of respondents used fertilizer or manure to improve 
productivity of their planted forages. Inorganic fertilizers are less used in planted fodders with only 
5.6% of the respondents reportedly having used them in the recent past and citing the high costs 
as an impediment. There is also a perception about land in the region being fertile; hence minimal 
fertilizer use.  

Pasture and Fodder conservation 

Less than 10% of the respondents practice feed conservation strategies such as hay baling and 
silage as shown in Table 3. The most commonly used are crop residues that are stored, although 
poorly, after harvesting the main crop.The storage of crop residues on elevated platforms, along 
fences and placement on the ground (as observed in the study area) exposes them to rapid 
deterioration and contamination thus a negative nutrient balance (Smith, 1993).  

Table 3: Feed Conservation methods among dairy farmers in Loitokitok sub-county 

Conservation method N Percentage (%) 
Hay  11 10 
Silage  5 4.5 
Hay and silage combination 2 1.8 
Dried Crop residues  84 76.4 
Others  2 1.8 
None 6 5.5 

 

In the study area, failure to process and conserve the crop residues appropriately was attributed to 
lack of expertise and knowledge on feeds processing. Similar findings are reported by Lukuyu et 
al (2011)  and Ndathi et al., (2013), in selected pastoral and agropastoral counties in Kenya. 

Feed processing and utilization  

Processing of  feeds prior to feeding to dairy animals was mainly done through chopping by 87% 
of the respondents. This practice increases intake, reduce wastage and makes feed easy to mix with 
other components (Njarui et al 2011; Lukuyu et al 2012). Chopping has reportedly  increased milk 
yields in dairy animals through increased intake in Eastern Kenya (Mutavi et al, 2016).  13.1% of 
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the farmers however did not process the feed in any way prior to feeding it to livestock. 
Additionally, quantification of processed or non-processed feed prior to feeding is rarely done. 
There is lack of information on amounts of feeds provided to livestock especially due to challenges 
of feed shortage and lack of knowledge on nutrient requirements.. The consequence is 
underfeeding of dairy animals through the yearwhich was also reported by Katiku et al (2011) in 
Embu county resulting in lowering of productivity. 

Feeds availability and Seasonality 

Feed scarcity in is the study area was a common problem with 87.6% of respondents at one point 
having experienced it. Availability is season-based with scarcity reported to be severe in the drier 
months of August-October. The use of conserved feeds, purchasing and migration of animals 
represent the top three ranked strategies to cope with feed scarcity. As earlier discussed, farmers 
rarely conserved any excess feed during season of plenty resulting in wasted and eventual scarcity 
during the dry seasons. The few farmers who did not encounter the scarcities included those who 
had embraced technologies of pasture and fodder conservation including hay and silage making 
promoted by the State department of livestock, the Kenya Agricultural Research Organization 
(KALRO) and other institutions. 

Opportunities for pasture and fodder development  

With the diverse agro ecological zones in the region, Loitokitok sub-county can be a net feed 
producer by virtue of the variety of crops grown in the area, fertile land, water availability in the 
lowland regions and the bimodal rainfall pattern. Cereals, legumes and other crops are grown hence 
the potential for utilization of crop residues. Based on locally available feed materials, emphasis 
should be placed on feed formulation strategies and knowledge dissemination to improve the 
productivity of the dairy enterprise in the region. Additionally, application of technologies that 
maximize on productivity per unit area is therefore a necessity and an opportunity in which 
stakeholders including livestock keepers, farmers and private entities can tap in.  

Conclusions and Recommendations  

Feed being a major component of dairy production, more efforts are needed to increase availability 
(both quantity and quality)  in order to improve productivity.  

The following recommendations are made for the feed sector in the sub-county Promotion of 
appropriate rangeland pastures varieties such as Cenchrus ciliaris, Eragrostis superba, 
Enteropogon macrostachyus and Chloris roxburghiana among others. 

Promotion and up scaling of establishment high yielding and high value fodder crops and their 
conservation. 

Farmer field schools involving trainings, demonstration set ups and learning from each other hence 
accelerate technology infiltration  
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Abstract 

The potential utility of drought-resilient and under-utilized Cactus (Opuntia ficus indica) as 
livestock forage supplement has not been indisputably determined under the Kenyan conditions. 
The purpose of this study was to determine plausible pathways in the search for alternative feeding 
innovations to combat feed scarcity and feed quality as well as providing ideal interventions for 
adapting climate resilient livestock production systems. Arid and semi-arid areas of Baringo, 
Laikipia and Nyeri were selected for this study due to the prevalence of Cactus (Opuntia ficus 
indica) in these Counties. The qualitative changes in nutrient content of Cactus (Opuntia ficus 
indica) are hypothesized to be linked to anatomical characteristics, physiological conditions as 
well as phenological stage of plant growth. Proximate analytical technique was used in evaluation 
of nutrient content of Cactus (Opuntia ficus indica). Analysis of variance (ANOVA) methods were 
used to isolate the absence or presence of morphological and plant stage of growth significant 
treatment effects on Cactus (Opuntia ficus indica) quality. Significant (P<0.001) crude protein 
(CP) content (14.9%) was observed in young spiny and spineless Cactus cladodes. Spiny and 
spineless (Opuntia ficus indica) Cactus were not significantly (P>0.05) different in terms of 
nutritional quality. Mature cladodes of spineless Cactus had the highest crude fibre (CF) content 
(32%). Ripe fruits of Cactus (Opuntia ficus indica) had significantly (P<0.001) higher nitrogen 
free extracts (NFE) (39.6%) content than other plant parts. The high CP and high energy levels 
(39.6% NFE) of Cactus species as well as the high CP of Prosopis juliflora young shoots and pods 
authenticate the value of under-utilized drought-resilient forages as alternative supplementary 
sources of feed for livestock in the dry parts of Kenya.  

Introduction 

Approximately 85% of Kenya is   made up of arid and semi-arid land (ASALs), with pastoralism 
as the main economic activity in such regions. These ASALs are a challenge to sustainable 
livestock production systems due to chronic feed shortage. This is due to the limited and erratic 
rainfall, poor soils and high temperatures experienced in these areas, as exacerbated by climate 
change. Therefore, the search for the appropriate forage plant species that could be grown in these 
areas is of great importance. Previous studies showed that the future of arid and semi-arid regions 
depend on the development of sustainable agricultural systems and cultivation of appropriate crops 
(Le Houerou, 1996; Farrukh and Mufakhirah, 2009). The types of forage crops to be cultivated 
must withstand water shortage, high temperature and poor soil fertility. Plant adaptability to 
marginal lands, ease of propagation, persistency, dry matter (DM) yield, digestibility and nitrogen 
content are also important aspects for livestock nutrition (Martin, 1993). In this regard, Cacti, 
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particularly Opuntia species, meet all of the above requirements as a source of feed for livestock 
in arid and semi-arid regions (FAO. 2001). These plants are adapted to withstand severe drought 
conditions and still produce fodder at low cost (Le Houerou, 2002). Cactus pear (Opuntia ficus-
indica) is the most agronomically important species for the production of edible fruits and 
cladodes, which can be used as valuable forage resource in arid and semi-arid lands (Scheinvar, 
1995). It is an efficient water utilizing xerophyte, and both the young cladodes and fruits are 
suitable as an emergency feed resource in the wake of climate change. According to Felker and 
Inglese (2003), this crop could contribute to sustainable feed production in most Sub-Saharan 
African countries which have vast areas characterized by the ASALs. 

The cactus pear is adapted the climatic conditions of the Kenyan semi-arid and is extremely 
important in the diet of livestock in the region. There are two main types of Cactus species in 
Kenya; the spiny and the spineless types. The spiny types however, pose certain utilization 
challenges due to the damage it can inflict on alimentary tract of the animal feeding on it. Reports 
in Kenya (Laikipia and Nyeri (North) Counties) have indicated that cactus can kill livestock and 
children (Daily Nation, July 11, 2017). Therefore, spines must be removed by burning or scrapping 
them with a machete before feeding them to animals. Other research findings (Martin, 1993) have 
revealed that the cladodes of cactus pear have several chemical compounds that can be considered 
natural herbal medicines and provide additional value to livestock products (meat, milk, butter, 
geese) and anti-oxidants. Opuntia cladodes are regarded as a good inexpensive source of energy, 
which may reduce the use of energy concentrate feeds and expensive fodder crops in dry areas 
(Rodrigues et al., 2016). Opuntia are widely naturalized and located at the edge of roads and paths 
(Reis et al., 2014). They are drought resistance fodder crops, have high biomass yield, palatability 
and soil adaptability (Batista et al., 2003). They have on average crude protein (8.91 % DM), acid 
detergent fibre (16.1 % DM), neutral detergent fibre (18.0 % DM) and ether extract (1.6 % DM). 
In addition, Opuntia cladodes (on dry matter basis) are rich in calcium (3.0 %), ash (25.7 %) and 
carbohydrates. However, according to Rodrigues et al (2016), Opuntia cladodes are low in crude 
protein and crude fibre.  

Despite its fodder potential, Cactus (Opuntia ficus indica) is an under-utilized fodder resource in 
Kenya and other East African countries due to lack of information on its fodder potential and other 
benefits (Kang’ara, 2009). In Baringo, Laikipia and Nyeri (Northern region) Counties, Cactus 
species was regarded as a noxious weed (Kang’ara 2009). Therefore, information on their fodder 
potential need to be collated and be disseminated to livestock keepers and other stakeholders in 
order to promote and exploit Cactus as feed. According to Kang’ara (2009), utilization of Cactus 
(Opuntia ficus indica) as an extremely drought tolerant plant is the best fodder option in the 
changing climate. Both spiny and spineless (Opuntia ficus indica) occurs in Kenya. 

The availability of nutrients from cactus for ruminant animals has not been well studied under the 
Kenyan condition. To assess the potential value of Opuntia species as an emergency forage 
resource, it is important to know its nutritional value in order to predict performance of animals. 
Nutritional value analyses can also be used to identify factors in forages that may be limiting 
animal performance, with an aim of unlocking their feed potential for harsh environments. 
Therefore, the main objective of this study was to determine the nutritional value of various plant 
parts of two Opuntia species as influenced by stage of maturity to serve as alternative feed for 
ruminant animals in arid and semi-arid lands of Kenya as exacerbated by climate change. 
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Materials and Methods 

Study sites 

Forage sampling of various parts of both spiny and spineless Opuntia ficus indica was done in 
three counties viz Baringo, Laikipia and Nyeri (North) as a representative of pastoral and agro-
pastoral system of livestock production. 

On-farm Sampling of Forage  

An investigation on the qualitative aspects of both spiny and spineless Cactus (Opuntia ficus 
indica) was carried out during the dry season (July and August, 2016). Different parts of two cactus 
species (spiny and spineless) (Opuntia ficus indica) were sampled for nutritional evaluation viz 
young and mature cladodes, ripe and unripe fruits. Four micro-sites were randomly selected in 
each study site/location viz Loboi (Baringo), Ilmotiok (Laikipia) and Lamuria (Nyeri). Forages 
were sampled by picking 8 to 10 locations/sub plots at random and removing the forage from one 
quadrat of 4 m2 in the inner plant populations of each plot. A duplicate sample weighing 500 g 
was collected and dried in an oven at 60oC for 48 hours, ground to pass through a 1-mm sieve and 
stored in plastic bottles at room temperature for subsequent chemical analyses. A total of 73 Cactus 
(Opuntia ficus indica) samples were collected from the 3 study sites.  

Laboratory Analysis 

After forage sampling, sub-samples were cut into pieces of 5cm and oven-dried at 60°C for 72 
hours for proximate analysis.  Dried forage subsamples were ground to pass through a 1mm sieve 
for proximate analysis. All samples were analyzed for proximate composition (DM, CP, CF, EE, 
ash). All samples were further dried at 105oC for determination of actual dry matter. Total ash 
content was determined by incinerating dried samples in a muffle furnace at 550°C for six hours. 
Crude fibre (CF) content was determined according to procedures described by Van Soest (1994). 
The Nitrogen content was estimated using the Kjeldahl method (AOAC, 1999), and Crude protein 
(CP) content calculated by multiplying the N content by 6.25. Percentage Nitrogen Free Extracts 
(NFE) was calculated according to Van Soest (1994) as follows;  

NFE (%) = 100- (Moisture (%) + CP (%) + EE (%) + ash (%) + CF (%)). 

Statistical Analysis 

The data was subjected to Analysis of Variance (ANOVA) using the General Linear Model (GLM) 
procedure of SAS (SAS 2002). Differences among treatment means were tested using least 
significance difference (LSD). Coefficient of correlation was computed to assess whether there 
was any relationship between independent variables (plant parts and plant species) and dependent 
variables (chemical composition of forage samples (DM, CP, CF, EE, ash and NFE).  
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The model used for chemical composition statistical data analysis of Cactus (Opuntia ficus indica) 
was; 
 
Yijk= µ + Si + Rj + eijk 
Where; 
 
Yijk= Response variables (DM, CP, CF, EE, ash and NFE) 
µ= Overall mean 
Si= Plant parts effect  
Rj= Plant species effect  
eijk= Random error 
 

Results and Discussion 

The nutrient composition of different parts of Cactus (Opuntia ficus-indica) and Prosopis juliflora 
are presented in Table 1. Plant parts significantly (P<0.05) influenced the nutrient composition of 
the studied plant species. However, Cactus (Opuntia ficus indica) species (spiny and spineless) did 
not significantly (P>0.05) influence the nutritional composition of various plant parts (Table 1). 
The DM content of different parts of Cactus Opuntia ficus indica) ranged from 82-88%. Dry matter 
(DM) content of ripe (88%) and un-ripe fruits (86%) was significantly (P<0.001) higher than in 
all other plant parts (mature and young cladodes) of Cactus (Opuntia ficus indica). Dry matter 
(DM) content of mature cladodes (84%) and young cladodes (82%) were significantly (P<0.001) 
different as influenced by phenological stage of growth. 

The crude protein (CP) content of young cladodes of Cactus (Opuntia ficus indica) was 
significantly (P<0.05) different (14.9%) as compared to the mature cladodes, which ranged from 
11 to 13% for both spinelss and spiny Cactus (Opuntia ficus indica) (Table 1). However, the CP 
content of ripe and un-ripe fruits was not significantly (P>0.05) different. The phenological stage 
of growth of the cladodes significantly (P>0.05) influenced the crude fibre (CF) content of Cactus 
(Opuntia ficus indica) (Table 1). The CF content ranged from 31 to 32% in mature cladodes of 
Cactus (Opuntia ficus indica). Crude fibre (CF) content of young cladodes ranged from 25 to 26% 
for Cactus (Opuntia ficus indica) (Table 1). The CF of Cactus (Opuntia ficus indica) was not 
significantly (P>0.05) different (Table 1) as influenced by plant species and stage of maturity. The 
stage of growth did not significantly (P>0.05) influence the ether extract (EE) and ash contents of 
both spiny and spineless (Opuntia ficus indica) Cactus. According to Zailan et al (2018), the 
desired ash content range in forages is 5 to 8%. All the reported ash values in spiny and spineless 
Cactus were lower than this. Significantly higher (P<0.05) nitrogen free extracts (NFE) were 
observed (36%) in mature cladodes of both spiny and spineless (Opuntia ficus indica). The NFE 
values for ripe and un-ripe fruits were not significantly (P>0.05) different (Table 1).  
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Based on the results of this study, sampled parts of spiny and spineless Cactus (Opuntia ficus 
indica) (mature and young cladodes/shoots, ripe and un-ripe fruits) significantly influenced the 
forage quality (DM, CP, CF, EE, ash and NFE) in this study. According to Mostafa et al. (2017), 
the stage of plant growth influences the chemical composition of forages. While the protein levels 
reduce as the forage plant matures, the dry matter (DM) and structural components (cellulose, 
hemi-cellulose and lignin) increase with increase in plant maturity (Kholif et al., 2016).  

Crude fibre is a measure of the quantity of the indigestible or fairly indigestible components in 
feeds such as cellulose, hemi-cellulose, lignin and pentosans (Mostafa et al., 2017). When CF is 
higher, the energy content of corresponding feed is lower because most of the CF components are 
considered indigestible by non-ruminants (cellulose and lignin). A crude fibre (CF) threshold of 
between 17 and 23% is required in ruminant animals for normal rumen function, as source of 
energy and for enhancing feed digestibility (Zailan et al., 2018). However, the higher CF levels 
(26-32%) in Cactus (Opuntia ficus indica) in the current study were higher than the normal 
acceptable range of 17-23% (Ben Salem et al., 1996; Samah et al., 2015). From the current 
findings, Crude fibre (CF) as a measure of cell wall content of forages was influenced by 
phenological stage of plant growth. The higher the CF value, the older the stage of plant growth 
and lower the quality of the feed.  

In contrast, Ben Salem and Louhaichi (2014) recorded CF values ranging from 15-16% in Cactus 
(Opunti ficus indica) species, which are lower than those recorded in the present study. The 
variations in CF levels in forages can be attributed to the environmental condition in the study 
areas as high temperatures and low precipitation tend to increase cell wall fraction and decrease 
soluble content of the plants (Samah et al., 2015). Phenologically, there is a positive correlation 
between forage DM levels and CF. As the forage plants mature, CF increase with the increasing 
plant DM, mainly due to accumulation of structural components in the plant (cellulose, 

 

Table 1: Proximate Composition of Different parts of Spiny and Spineless Cactus (% DM) 

 
Species Part Chemical composition (%) 

DM CP CF EE Ash NFE 
Spineless 
Cactus 

Mature cladodes 84.2b 11.1b 32.3a 5.42a 3.9a 36.0a 
Young cladodes 82.2c 14.9a 25.8b 6.06a 3.9a 27.5b 

 Mature cladodes 84.4b 12.7b 30.5a 5.54a 3.8a 35.8a 
Spiny 
Cactus 

Young cladodes 82.8c 14.9a 25.3b 5.46a 2.7a 32.2b 
Ripe fruits 88.2a 10.2b 30.7a 5.5a 2.2a 39.6a 
Un-ripe fruits 86.2ab 12.2b 30.0a 5.7a 2.6a 35.6a 

 P-value 
SEM 
LSD 

0.008** 
0.41 
1.2 

0.002** 
0.53 
1.54 

0.017* 
1.42 
4.13 

0.663NS 
0.16 
0.46 

0.098NS 
0.49 
1.43 

0.046* 
1.62 
4.7 

Means with different superscript letters along the same column differ significantly (P<0.05). 
Significance: *P<0.05, **P<0.01, ***P<0.001 
SEM: Standard error of mean 
NS; not significant 
LSD; Least significant differences of mean (5% level) 
DM: Dry matter, CP: Crude protein, CF: Crude fibre, EE: Ether extracts, NFE: Nitrogen free extracts 
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hemicellulose and lignin), a factor that determines the quality of forage feeds in terms of intake, 
digestibility, nitrogen balance and conversion ratio (Samah et al., 2015).   

In the current study, CP content of Cactus (Opuntia ficus indica) were not significantly different 
among different species studied. However, variations were observed between CP content of young 
and mature cladodes of Cactus (Opuntia ficus indica), where highest levels of CP were recorded 
in the young cladodes. Differences in P content of the forage species under study (spiny and 
spineless Opuntia species) can be explained by inherent characteristic of each species’ ability to 
extract and accumulate nutrients from the soil (Mostafa et al., 2017). These findings are consistent 
with reports of other studies (Ben Salem and Louhaichi, 2014) who reported high Phosphorus (P) 
uptake by Cactus (Opuntia ficus indica) after fertilization with Superphosphates inorganic 
fertilizers. Crude protein (CP) content in forages reflect the maturity stage as well as fertilization 
levels, where good quality forages harvested at the right stages of maturity generally will have 
higher protein content of >9% for grasses and >15% for leguminous forages (Kholif et al., 2016). 
However , lower CP levels (<5%) have been reported for Cactus species, which is far below the 
CP requirement for ruminant animals maintenance, that ranges between 8-9% (Samah et al., 2015.      

Since the Cactus species in the current study contained CP content of over 8% (critical threshold 
for microbial cell synthesis for maintenance in ruminants), it can be considered as intermediate 
quality forage feed for arid and semi-arid lands (ASALs). The reported range of CP in this study 
is sufficient to produce ammonia required for the growth and activity of ruminal microorganisms 
(Jafari et al., 2015; Kholif et al., 2015). The higher CP levels (12-14%) of Cactus (Opuntia ficus 
indica) reported in this study is linked to good fertile soils where samples were collected. Samah 
et al. (2015) indicated that application of chemical fertilizers such as Superphosphate increased 
CP content of cladodes of Cactus (Opuntia ficus indica) from 5% to 10%.   

The goal for any feeding program is to achieve an appropriate balance among available feed 
ingredients where total ration nutrient composition meets daily nutritional requirements of 
the animals. Results from the present study indicates that both spiny and spineless Cactus 
species may be used as supplementary feed to low quality feeds such as crop residues. The reported 
CP values in this study were consisted with Mostafa et al. (2007) who reported higher CP content 
of soybean straws as the plant matured. Previous research findings by Nefzaoui and Ben Salem 
(2001) reported CP levels of 3-5% in cladodes of Opuntia ficus indica. The CP levels observed in 
this current study were higher than these values, a factor that can be linked to the soil fertility of 
the sampling sites, which were virgin lands.  

Highest content of Nitrogen Free Extracts (NFE) was observed in ripe and un-ripe fruits, and 
mature cladodes of Cactus (Opuntia ficus indica). Nitrogen Free Extracts (NFE) in forages 
constitutes the carbohydrates, starch and sugars (Samah et al., 2015). According to Zailan et al. 
(2018), an optimum threshold level of NFE for ruminants is 30-43%. The NFE content reported in 
this study is within this range, with fairly high energy value for ruminant animals with comparable 
energy value to cereal grains such as barley. The NFE content of the studied plant species were 
consistent with values reported by Nefzaoui et al. (2013) who suggested that Cactus species has 
the potential to significantly reduce the need for other high-energy conventional feeds such as 
maize.  
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Conclusion 

Significant variations were recorded in the nutritional value of different Opuntia parts (cladodes, 
ripe and un-ripe fruits). The cladodes of both species (spiny and spineless Cactus) can be used as 
an energy supplement because of the high content in ripe and unripe fruits and mature cladodes. 
However, generally Opuntia species contain lower level of crude protein and fibre content, and 
therefore need to be corrected for low CP and fibre content as it does not meet the for maintenance 
of ruminants. Crude protein (CP) and fibre content reported in this study were within the acceptable 
range (12-14%)  for ruminant production.   

Recommendation 

Opuntia cladodes are low in crude protein and fibre mainly for ruminant animals. It is 
recommended that in order to meet requirements of animals for maintenance and production, the 
cladodes should be balanced with cost-effective supplementary protein, such as tree shrubs which 
are readily available in rangelands.  
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Abstract 

Kenya and Brazil are tropical countries with different climatic, political and socio-economic 
conditions. However, both countries utilize smart apomictic forages for livestock production.  
Several apomictic Brachiaria (Trin.) Griseb. (Syn. Urochloa P. Beauv., and (Panicum maximum 
Jacq.) species are climate smart and commercially important tropical forage grasses. Apomixis, is 
a reproductive process that bypasses female meiosis and fertilization to produce embryos identical 
to the maternal parent. It is an asexual mode of reproduction enabling clonal propagation of 
maternal genotype through seeds. The species are climate smart since they can withstand several 
biotic and abiotic stresses like aluminum toxicity, waterlogging, pests and disease resistance and 
they have endophytes that fix carbon dioxide gas from the atmosphere and reduces greenhouse 
gasses. However, despite the fact that east Africa is the Centre of origin of sexual Brachiaria spp. 
and Panicum spp. and that ‘ecotype breeding’ by selection of apomictic species started in Kenya 
early in 1950’s; limited knowledge of new technology and lack of funding hindered research 
efforts of forage breeding. In recent years, mutation breeding of Brachiaria ecotypes in Kenya have 
selected seed producing mutants that are not verified for their ploidy levels and sexuality and are 
yet to be released. In Latin America particularly Brazil, tropical forage breeding investment and 
efforts on cytogenetic studies was applied in the last four decades and some new cultivars released. 
In this paper, origin of different species, modes of reproduction, breeding methods are discussed 
and the resulting new cultivars released are presented. 

Keywords: Apomixis, Climate smart, Brachiaria sp., Panicum maximum, Breeding, Forage grass 

Introduction 

Brachiaria (Trin.) Griseb. (Syn. Urochloa P. Beauv), and Panicum maximum (Jacq.) species are 
commercially important tropical forage grasses. The two genera originate primarily from eastern, 
central and southern Africa, where they are natural constituents of grasslands and have their 
greatest diversity (Boonman, 1993). 1n Kenya they grow naturally in woodlands, savanna and in 
Arid and Semi-arid lands (Bogdan and Prat, 1967). Despite the release of the only Brachiaria 
variety Congo Signal grass (B. ruzinziensis, K58321) in 1960’s and Coloured guinea (Panicum 
coloratum) by department of research and seed sales by Kenya Seed Company, their popularity 
was not felt and they went out of production (Boonman, 1993). Strange (1958a, b) and Bogdan 
(1965a; 1977) worked hard to popularise the East African varieties all over the world. Despite 
‘ecotype breeding’ by selection of apomictic species starting in Kenya early in 1950’s; limited 
knowledge of new technology and lack of funding hindered research efforts of forage breeding 
(Boonman, 1993). In recent years mutation breeding of Brachiaria ecotypes in Kenya have selected 
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seed producing mutants that are not verified for their ploidy levels and sexuality and are yet to be 
released (Hoka et. al., 2019).  

The commercial Brachiaria species [B. brizantha (Hochst. ex A. Rich.), B. decumbens Stapf. B. 
humidicola (Rendle) Schweick, B. ruziziensis (R. Germ. & C.M. Evrard)] and Panicum maximum 
are native to East Africa. They were introduced to tropical Latin America as natural germplasm 
accessions during the mid-20th century where the native Panicum maximum was known as ‘Capim 
Colonião’ brought by slaves from West Africa, through Madagasca to the research station -
CSIRO in Australia and for many years they became the source of Australian seed export industry 
until they were taken up in EMPRAPA- Brazil through CIAT in Colombia and B. ruzinziensis 
became the female genitor in their Brachiaria breeding program (Jank et al., 2011).  

Brachiaria spp. and Panicum maximum have played an important role in livestock production 
particularly in Arid and Semi-Arid areas of Africa and Latin America, especially in Brazil where 
there are extensive grazing lands and demand for productive, high-quality, and well-adapted 
forages for cattle nutrition (Jank et al., 2014). Panicum maximum is native of Africa, particularly 
east Africa (Kenya and Tanzania), where wide genetic diversity is found (Jain et al., 2003). In 
Africa, guinea grass has a much wider climatic adaptation in the range than in cultivated pastures. 
It is variable in size and indumentum of culms, leaves, and panicles. It is a tufted perennial or 
occasionally an annual species (Muir; Jank, 2004). Most important Brachiaria and Panicum 
maximum cultivars have been developed from direct selection of naturally occurring genotypes 
collected in East Africa (Jank et al., 2014). The International Center for Tropical Agriculture 
(CIAT) forage gene-bank maintains a collection of 601 Brachiaria accessions, most of them 
collected in Africa between 1984 and 1985 in a mission cosponsored by CIAT and the International 
Livestock Research Institute (ILRI). Most of these accessions are held in duplicate in germplasm 
collections at ILRI and the Brazilian Agricultural Research Corporation (EMBRAPA) (Keller-
Grein et al., 1996). In Kenya the large forage germplasm of over 5700 accessions of different 
species including apomictics collected and seed regenerated are stored at the National gene-bank 
Muguga (Ibrahim, 1985). 

Brachiaria spp. breeding began in Latin America when CIAT and EMBRAPA achieved 
compatibility between species with different ploidy levels in the late 1980s. The variety Basilisk 
was a sexual selection collected from Uganda. The progeny of these original crosses was used to 
form fully sexual synthetic recurrent selection populations that formed the basis of breeding 
programs at CIAT and EMBRAPA (Miles et al., 2006). The commercial species B. brizantha, B. 
decumbens, and B. ruzinziensis form an agamic complex, meaning that some species are 
exclusively diploid and sexually reproducing, while other closely related species exist primarily 
as polyploid apomicts (Valle and Savidan, 1996). Researchers doubled diploid sexual species to 
create a sexual tetraploid B. ruzinziensis genotype (Swenne et al., 1981) that were used as a female 
parent in crosses with tetraploid apomictic accessions of B. decumbens and B. brizantha. 
Brachiaria spp., which are classified as a monophyletic complex within the genus Urochloa, both 
belonging to the Poaceae (Torres González and Morton, 2005). Brachiaria–Urochloa complex is 
a sister group of the genus Panicum L. (Giussani et al., 2001). The first taxonomic review of 
Brachiaria classified the genus into nine groups on the bases of inflorescence and panicle 
morphology (Renvoize et al., 1996). The commercial species were assigned to two principal tax-
onomic groups. The agamic complex species (B. ruzinziensis, B. decumbens, and B. brizantha) 
were assigned to taxonomic Group 5, whereas B. humidicola and B. dictyionera were located in 
Group 6 (Renvoize et al., 1996).  
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Genetic Resources  

East Africa is home of more than 1000 grass species including apomictic forage grasses of 
Brachiaria and Panicum species with only few of these being under cultivation (Boonman, 1997). 
Apomictic forage grasses display wide variation in nature, however, little of this diversity has been 
sampled (Savidan 2000). In Kenya, pasture and fodder introductions, description and their 
subsequent development through breeding; date back to the early part of the 19th century (Bogdan 
1977; Boonman, 1993).  Most of the early Kenyan forage collections in 1930’s to1970’s of 
Apomictic grasses genera was; Brachiaria ruzinziensis, B. decumbens, and B. brizantha, Panicums 
sp. such as Solai coloured Guinea, Makueni Guinea, and others like Cenchrus ciliaris, Chloris 
roxyburgiana, Setearia sp., Pennisetum sp., Eragrostis sp., Andropogon sp., Entropogon sp. 
Hyparrhenia sp., Melinis sp. (Bogdan and Pratt, 1967). Kitale was Bogdan’s testing base and even 
Makueni Guinea collected close to Machakos had to be confirmed promising for that area 
following testing in Kitale. In Kenya the large forage germplasm of over 5700 accessions of 
different species including apomictics collected and seed regenerated are stored at the National 
gene-bank Muguga (Ibrahim, 1985). 

In Brazil the first species intensively collected was P. maximum from East Africa by the French 
Institute of Research for Development (Former ORSTOM - Office de la Recherche Scientifique 
et Technique d’Outre-Mer) (Combes and Pernès 1970), and later by the Japanese Hojito and 
Horibata (1982). In 1967, 249 germplasm of Panicum accessions were collected by ORSTOM 
(IRD) from Southern Kenya and Northern Tanzania only one was sexual. In 1969, of the 135 
Panicum accessions collected from Tanzania (Korogwe) and Kenya (Meru-Embu) twenty (22) 
were sexual. In 1982, of the 436 Panicum accessions collected and maintained in the nursery in 
Brazil 411 were sexual. Thus, the diversity of these species is well represented in ex situ collections 
(Savidan et al. 1989). Brachiaria was also extensively collected by CIAT from East Africa (Keller-
Grein et al. 1996), but important species as B. mutica and sexual pools of B. brizantha and B. 
humidicola are still lacking, thus the existing collection cannot be considered representative of the 
natural distribution. Genera such as Pennisetum, Hyparrhenia, Melinis, Setaria, Andropogon, 
Hemarthria, Chloris, and Cenchrus should be included in forthcoming collecting efforts to ensure 
enough diversity for future improvement efforts and sexual forms must be sought (Jank et al. 
2005a). 

CIAT maintains 601 Brachiaria accessions in the forage genebank, indicate the diversity of these 
species are well represented in ex situ collections (Savidan et al. 1989). In late 1960´s B. 
decumbens cv. Basilisk originally collected from Uganda was released but important species as B. 
mutica and sexual pools of B. brizantha and B. humidicola were still lacking, therefore, the existing 
collections cannot be considered representative of the natural distribution. Genera such as 
Pennisetum sp., Hyparrhenia sp., Melinis sp., Setaria sp., Andropogon sp., Hemarthria sp., 
Chloris sp., and Cenchrus sp. commonly found in Africa are yet to be developed and should be 
included in forthcoming collecting efforts to ensure enough diversity for future improvement 
efforts and sexual forms must be sought (Jank et al. 2005a). Thus, the diversity of these species 
are well represented in ex situ collections (Savidan et al. 1989) 

Reproductive Behavior 

Around 60 % of the tropical grass species reproduce by apomixis. Apomixis is a clonal propagation 
by seeds, in which plants identical to the mother plant are produced and species are always uniform 
(Bicknell and Koltunow, 2004). In apomixis, parthenogenesis occurs inside the ovary since all 
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cells in the meiotic tetrad abort and one or several non-reduced cells from the nucellus develop 
into embryo-sacs. Pseudogamy then occurs, where the pollen only fertilizes the polar nuclei but 
not the egg cell. Apomixis of the Panicum type is determined by a gene or group of genes in a 
simple inheritance and the progeny of a cross between sexual x apomictic plants always yield 
sexual and apomictic plants in the ratio 1:1. The advantage of this system is that if an excellent 
apomictic hybrid arises in the first generation, it may be released, since its hybrid vigor will be 
fixed. Collection of apomictic species in the center of origin is essential because breeding depends 
on variability but essentially on the availability of sexual plants. Species P. maximum, B. 
ruzinziensis, B. brizantha and B. decumbens are usually diploid in nature (Simioni and Valle, 
2009). Their chromosome numbers must be artificially doubled so that they may be crossed with 
tetraploid apomictic plants. An exception is B. humidicola, in which the sexual plant found in the 
Center of Origin is hexaploid, just as the apomictic accessions Table-1(Valle et al. 2009). Guinea 
grass has a base chromosome number x = 8, and most plants are apomictic and tetraploid, 2n = 4x 
= 32. However, the sexual forms found in East Africa are diploid, 2n = 2x = 16 (Jain, et al., 2003). 
Other tropical grasses such as Pennisetum purpureum, Setaria sphacelata, Andropogon gayanus, 
Chloris gayana, Cynodon spp. and Digitaria decumbens reproduce by allogamy. In Kenya Genetic 
diversity of 79 Brachiaria grass ecotypes have been tested and clustered in three different allele 
populations (Ondabu, et. al. 2016). 80 Brachiaria accessions from BeCA facility in Nairobi that 
were obtained from CIAT, were characterised for variations and their diversity and morphological 
and agronomic traits to exploit for possible integration in breeding program and different farming 
systems of Kenya (Njarui, et.al., 2016). 

Table-1: Ploidy levels of 437 accessions of 14 species: flow cytometry compared to diploid standard 

SPECIES N.º Accessions Accessions 
  2x          4x 5x 6x 
B. arrecta 5 - 5 - - 
B. brizantha 222 2 157 41 22 
B. decumbens 51 23 23 5 - 
  B. dictyoneura 8 - 6 - 2 
B. dura  2 - - 2 - 
  B. eruciformis 1 1 - - - 
  B. humidicola 60 - 22 18 19+1 
  B. jubata 30 4 12 13 +1 
  B. leucacranta  1 - - 1 - 
  B. nigropedata 21 - 19 - 2 
B. mutica 3 - 3 - - 
B. platynota 2 2 - - - 
  B. ruziziensis 29 24 5* - -  
  B. subulifolia 2 1 1 - -  
TOTAL 437 57 253 80 45+2 

       Adapted from: Penteado et al., 2000            
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Breeding Methods - Cytology and Modes of Reproduction   

Identification of apomictic plants is one of the most important points in any breeding program 
done by progeny testing open pollinated seed from selected plants. Morphologically variable 
progeny from a plant would indicate sexual origin. The frequency of uniform or maternal progeny 
from a plant would indicate the level of apomictic reproduction (Figure 1). At least 20 to 25 
progenies are needed to obtain a reliable estimate of a plant’s reproductive behavior, especially if 
it reproduces by facultative apomixis.  

 
Homogeneous progeny:  Mother plant 
apomictic           

Determining the mode of Reproduction          
 

 

 

 
 

Figure 1 : Characteristics of embryo sacs using  
microscopy  Adapted from Young et al. (1979)                                

 

Figure 2: Heterogeneous progeny: Mother plant sexual 
Interference contrast  Figure 1-Adaptedfrom Cacilda 
Borges Do Valle, 2016 (IAEA Workshop Proceedings on 
Mutation Breeding, Nakuru, Kenya) 

Cytological observations are more rapid than progeny testing for identifying the method of 
reproduction. New ovule-clearing techniques allow one to classify the reproductive behavior of a 
plant within 2 or 3 days after collecting the ovaries. In Brachiaria sp., Penisetum sp., Paspalum 
sp. and Panicum sp., it is possible to collect a few flowers at the beginning of anthesis and to 
classify the reproductive behavior of the plant before it completes anthesis. Numerous protocols 
are available for clearing ovules (Crane, 2001). Grass ovules typically are cleared in methyl 
salicylate after fixation for 24 h in (FAA) formalin: acetic acid: ethyl alcohol and storage in 70% 
ethanol (Young et al., 1979). Dissected ovary is mounted on a slip, covered with a light slip and 
under interference microscope which has a camera to take picture of the ovary (Fig. 2) and help 
determine sexuality. 

Cultivar Development 

The development of tetraploid, apomictic tropical forage grass cultivars (Brachiaria and/or P. 
maximum) begins with the availability of the germplasm and its characterisation for reproductive 
mode, ploidy level, genetic diversity, and gene search among others. The apomictic (tetraploid) 
accessions are evaluated in small plots, while the sexual (diploid) accessions must undergo 
chromosome doubling so that they can be crossed with apomictic genotypes in order to obtain 
hybrids. In the case of hybridization breeding (RRS), improvement of the sexual population (IRS), 
and direct crosses, populations of up to 2000 hybrids are obtained in each case and the most 
vigorous apomictic hybrids move to the next stage (Jank, L. et al, 2014).  In Stage I, the best 
hybrids (100–200 genotypes) are evaluated under a cutting regime for biotic and abiotic stresses, 
seed production and response to nutrients. The selected 20–25 genotypes follow to Stage II of 
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regional trials. Experiment on agronomic performance of 324 Brachiaria decumbens hybrids on 
the analysis of the 2 cuts in the dry season, observed significant (P<0.01) differences between 
hybrids for TDM and LDM by the likelihood ratio test (Table 2), indicating genetic variability 
among the hy-brids, thus allowing for gains through selection. For %L, LSR and REG, no 
significant difference was observed (P>0.05). The interaction genotype x cut was significant for 
the majority of parameters except for LSR and REG, thus complicating the ranking of hybrids by 
TDM, %L and LDM in the same season (Mateus, et. al., 2013). 

Table 2. Genetic variance (σ2
g), genotype x cut interaction variance (σ2

gc), heritability estimates 
based on progeny means (ℎ2m), accuracy (Acgen) and BLUP mean values of Brachiaria decumbens 
hybrids for agronomic traits, evaluated in 2 cuts at Embrapa Beef Cattle, Campo Grande  

 TDM1 %L LDM LSR REG 

σ2
g 95197.01**  0.85  22136.57**  0.22  0.02  

σ2
gc 17832.64**  16.55**  11967.91**  0.06  0.12  

ℎ2m  0.55  0.03  0.47  0.23  0.14  
Acgen  74.2  17.3  68.6  48.0  37.4  
Overall mean  1485.95  50.90  754.39  2.34  2.20  
Basilisk mean  2117.69  50.87  1018.78  2.12  2.24  
Mean10%  1924.85  51.19  938.84  2.83  2.30  
Mean5%  1990.52  51.24  968.94  3.06  2.34  
Mean2.5%  2050.75  51.31  1003.11  3.33  2.38  

 

1TDM: Total dry matter; %L: Leaf dry matter percentage; LDM: Leaf dry matter; LSR: Leaf: stem 
ratio; REG: Regrowth (0 = poor to 6 = excellent); overall mean: BLUP mean value of the 324 
hybrids; Mean10%: BLUP mean value of the best hybrids considering a selection intensity of 10%; 
Mean5%: BLUP mean value of the best hybrids Adapted from Mateus, et. al, 2013. 

The genotypes selected in stage II, i.e., a reduced number of genotypes (1–3) are then evaluated in 
larger experiments under grazing (Stage III) to determine animal performance (individual and per 
area weight gain or milk yield). Once superior genotypes are identified, they are registered and 
protected, a marketing plan is made, and they are later released as cultivars (Barrios et al., 2013). 
All the stages take at least 2 years each, and adding 1 year for seed multiplication between each 
stage, the whole process takes 8–10 years (do Valle et al, 2009). Interdisciplinary collaboration, 
where several professionals (Breeders, entomologists, plant pathologists, specialists in seed 
technology, soil fertility, pasture management, technology transfer) are inserted in order to reach 
a common goal, which is the release of a new cultivar. This system of selection of superior 
accessions and inter-variety evaluation in different locations, persistency and carrying capacity 
was used in Kenya (Boonman, 1993). 

Cultivar Release 

Genetic improvement of tropical forages and significant progress has been achieved in the research 
and development of cultivars (Jank et al. 2011).  Breeding efforts for Brachiaria sp., cvs. at 
EMBRAPA Brazil resulted in the release of B. brizantha cv. Marandu (1984), B. brizantha cvs., 
Xaraés (2003), BRS Piatã (2007) and BRS Paiaguás (2013); B. humidicola cv. BRS Tupi (2012); 
and hybrid Ipypora 2017). The P. maximum cvs. Tanzania (1990), Mombaca (1993), Massai 
(2000), BRS Zuri (2014) and in 2017 hybrid Quenia (Kenya), through a government supervisory 
agency, ministry of Agriculture in collaboration with seed traders-UNIPASTO. CIAT released B. 
brizantha cv. Mulato II in 2005 (Jank et al. 2014). In Kenya most of the species were sexual and 
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could produce seed like B. ruzinziensis and Panicum coloratum were released under seed 
Certification process through supervision of Government agency KEPHIS but their popularity was 
not felt then and they went out of production (Boonman, 1993). However, since the homecoming 
of Brachiaria cv. Mulato II to East Africa in 2005 popularity in smallholder farms has increased 
tremendously (Maass, et. at., 2015). 

Lessons the Kenyan research scientists can learn from the Brazilian Forage Breeding and 
development program 

 Brachiaria and Panicum maximum breeding program in Brazil has a large collection of 
germplasm of different species of the two genera well maintained both ex situ for continuity 
of the programme.  

 Mutation breeding creates genetic variation but it will be eroded over time through 
selection without hybridization, Brazil scientist have not adopted this technology. 

 Traditional breeding associated to biotechnology i.e. marker assisted technology to 
determine ploidy levels and even for mutant Brachiaria genotypes could become more 
efficient and accurate, helping develop new cultivars in less time through hybridization and 
using improved selection methods of breeding like inter variety population selection or 
intra variety recurrent selection.  

 Partnership with the private sector program like it is done in Brazil where UNIPASTO 
group, the equivalent of STAK (Seed Traders Association of Kenya) funds breeding 
research through royalties to accelerate adoption of technologies associated to the new 
cultivars and bring feedback to the breeding program creating new opportunities for 
opening of new areas in the Arid and semi-arid for pastures.  

 Kenyan scientists need to try and collaborate with the Latin American scientists to learn 
the breeding technics and to set up forage breeding programs and to learn seed production 
practices of apomictic grasses through cytological studies to determine sexual genotypes. 
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Abstract 

Several studies have indicated the need to assess relationship between piglets’ birth weight, 
subsequent weight gains as well as pre-weaning mortality. Thus, the aim of this study was to 
determine pre-weaning growth performance of piglets kept under intensive production system by 
evaluating birth to weaning weights and survival data from 163 piglets from the pig research unit 
in Kenya Agricultural and Livestock Research Organisation (KALRO), Naivasha. Weekly body 
weights were recorded to the nearest 0.1 kg. Survival status of each piglet was monitored and 
tracked from birth until weaning. PROC UNIVARIATE procedure of SAS was used for data 
analysis, while PROC CORR was used to analyse Pearson correlation coefficients to determine 
the relationship between weights from birth and weaning. The average birth weight was 1.4 kg 
while average weaning weight recorded at 8th week after birth was 17.1 kg. Piglets weighing ≥ 1.7 
kg at birth had a 100% survival at weaning. The highest positive correlation was between weight 
at week 6 and 7 (r = 0.97, p < 0.05) followed by week 4 and week 5 (r = 0.95, p < 0.05). The lowest 
correlation was between birth weight and weaning weight (r = 0.21, p<0.05). In conclusion, birth 
weight of piglets had a significant influence on pre-weaning survival and successive growth 
performances. 

Key words: birth weight, daily gain, pigs, sex, survival rates 

Introduction 

Pigs are of great economic significance among the resource-poor since they contribute towards 
food security, poverty alleviation and enhanced livelihood through creation of employment for the 
rural community (Antwi and Seahlodi, 2011; Matabane et al., 2018). Pig production in Kenya 
contribute in meeting the rising demand of meat products as a result of increased population 
(Mekuriaw and Asmare 2014; Ouko et al., 2017). Pig rearing has gained much of interest since 
they do not require much land, are easy to keep, can utilize by-products and food waste and are 
known to reproduce multiple times in a year (Mutua et al., 2019).  

In Kenya, production systems for pigs consist of commercial and subsistence systems. Commercial 
systems have gained much preference recently where large systems are characterized by improved 
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breeds, use of commercial concentrates for feeding and proper housing with sophisticated 
equipment, incorporating biosafety measures (Mbuthia et al., 2015). For commercial small-scale 
system, it is also characterized by improved breeds, high planes of nutrition consisting of 
concentrates and therefore relatively high performance (Wabacha et al. 2004; Mbuthia et al., 
2015).   

For a long time, pig production in Kenya has remained relatively unexploited despite the country 
having an established pig industry. The production potential remains underutilized due to lack of 
properly defined production practices and organized breeding programmes to facilitate 
improvement (Mbuthia et al., 2014). Additionally, reproductive performance of pigs especially in 
smallholder systems is usually unsatisfactory (Phengsavanh and Ogle, 2010; Matabane et al., 
2018), which can be attributed to limited access to superior germplasm. In this regard, the pig 
research programme at the Non-ruminants Research Institute (NRI)-Naivasha has been running a 
breeding program for genetic improvement of large white and Landrace pigs for the last one year. 
For such genetic improvement programme to be effective, there is the need for appropriate 
understanding of the genetic progress so as to address improvement within constraints such as 
feeding, breeding, health, management and marketing infrastructure. By assessing genetic 
advancement, sustainable pig improvement programme will be achieved to facilitate the 
dissemination and propagation of superior germplasm to the farmers.  

Therefore, the objective of this study was to evaluate and determine the variability of birth weight 
and pre-weaning growth of piglets at the NRI Pig Research unit. 

Materials and Methods 

Study area 

This study was conducted at the pig research Unit at the Kenya Agricultural and Livestock 
Research Organization (KALRO), Naivasha, Kenya. 

Management of Pigs 

All pigs are housed from adverse weather conditions in concrete and roofed pens. The farm 
comprises both large white and landrace breeds of pig.  Piglets at the unit are usually weaned when 
they are 8 weeks old. In the pig unit, general management practices and handling of pigs is in 
regard to accepted guidelines as outlined by the Federation of Animal Science Societies, 2010. 

Data collection and Study Design 

Within 24 hours of farrowing, after initial colostrum consumption, each live piglet was identified 
with a unique number and weighed using a scale. Weekly body weight was recorded to the nearest 
0.1 kg and survival of each piglet monitored and tracked from birth until weaning. Birth weight 
and pre-weaning survival data (n = 163 piglets) were analysed to identify the pre-weaning 
mortality. The data set from the pig unit was selected as it represent modern commercial conditions 
and procedures representative of the Kenyan situation.  

Statistical Analysis 

Body weight was categorized into six classes: ≤ 1.0 kg, 1.1 kg – 1.20 kg, 1.3 – 1.4 kg, 1.5 – 1.6 
kg, 1.7 – 1.9 kg and ≥2 kg. Litter size is presented as a number of piglets born alive. Statistical 
analyses were carried out using SAS software Version 9.2. PROC UNIVARIATE procedure of 
SAS was used for data analysis. PROC CORR was used to provide Pearson correlation coefficients 
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to determine the relationship between weights from birth and weaning. Data was presented as 
means and standard deviation.  

Results and Discussion 

Descriptive statistics for the body weights from the time of birth to weaning are shown in Table 1. 
The average weight at birth was 1.4 kg ranging from 0.5kg to 2.2kg. This was lower than findings 
of Feldpausch et al. (2019) who reported an average of 1.51 kg in four commercial farms in Europe 
and USA. Average weaning weight recorded at 8th week after birth was 17.1kg ranging from as 
low as 8 kg to maximum of 25 kg. Some studies have reported lower average weaning weight of 
6.2 kg in crossbreeds in South Africa, 7.4 kg in Large White Yorkshire pigs and 6.8 kg in 75% 
Large White Yorkshire crossbred in India by Matabane et al. (2018), Sharma et al. (1990) and 
Cauveri et al. (2009) respectively. Although the above three studies considered weaning at 6 
weeks, piglets used for these study had an average of 12 kg at the same age which was still high. 

Table 5: Descriptive statistics of growth performance of piglets from birth to weaning 

Trait Mean Std Dev Minimum Maximum 

Birth Weight 1.4 0.3 0.5 2.2 
W1 2.9 0.7 1.4 4.3 
W2 4.5 1.1 1.7 6.5 
W3 6.2 1.4 1.7 9.0 
W4 8.0 1.6 2.7 12.5 
W5 9.0 1.8 5.3 14.5 
W6 12.2 2.2 4.6 18.5 
W7 14.5 2.3 6.3 22.0 
W8 17.1 2.6 8.0 25.0 

W (weight); 1 to 8 (Week 1 to week 8) 

Piglets’ survival for both sexes by birth weight (BW) classes is as shown in Table 2. 

Table 6: Piglets Survival at weaning by sex and birth weight classes 

Body Weight Class Body weight range (Kgs) Sex Survival at weaning (%) 

1 ≤1 All 75.0 

Male 76.5 
Female 72.7 

2 1.1 - 1.2 All 81.0 
Male 100.0 
Female 73.3 

3 1.3 - 1.4 All 87.5 
Male 100.0 
Female 83.3 

4 
 

1.5 - 1.6 All 87.2 
Male 90.0 
Female 85.2 

5 1.7 - 1.9 All 100.0 
Male 100.0 
Female 100.0 

6 ≥2 All 100.0 
Male 100.0 
Female 100.0 
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The results from table 2 shows that increase in birth weight led to increase in survival rates for 
piglets. Piglets weighing ≥1.7 kg at birth had a 100% survival rate at weaning while the ones with 
≤ 1.6 kg experienced mortality during the same time. For piglets weighing 1.6 kg at birth, there 
was observed higher survival rates for male piglets as compared to female piglets (Table 2). Some 
studies have reported that there is association between low birth weight and lower survival rate or 
a lower growth performance (Baxter et al., 2009; Quiniou et al., 2002; Fix et al., 2010; Matabane 
et al., 2018). Recent research has shown that low birth weight or smallest piglets have reduced 
locomotor skills and vigour scores compared with their normal littermates (Vanden Hole et al., 
2018). High mortality in piglets with less weight at birth can be attributed to the fact that they are 
less vigorous in their attempts to suckle the teats with more milk and therefore obtain less 
colostrum (Feldpausch et al., 2019). This places them at a competitive disadvantage in relation to 
their heavier counterparts (Baxter et al., 2009: Feldpausch et al., 2019). In addition, weight at birth 
is regarded a crucial factor in neonate recovery from hypothermia (Kammersgaard et al., 2011). 
This means that piglets with lower body temperatures after birth stand at a high risk of dying due 
to factors such crushing, starvation, and diseases (Feldpausch et al., 2019). Therefore, controlling 
and managing piglet birth weight has enormous potential for improving piglets’ survival from birth 
to weaning. 

Table 3 highlights the average bodyweights for both sexes by birth weight classes. The average 
weaning weight (W8) for all the classes ranged from 15 to 18 kg. Some piglets that had birth 
weight (BW) lower than 1.5 had higher weaning weight compared to relative to other classes with 
higher birth weight. 

Table 7: Variability of body weight for male and female piglets by birth weight (BW) classes 

BW range (Kgs) Sex BW W1 W2 W3 W4 W5 W6 W7 W8 

≤1 Male 0.96 2.37 3.92 5.70 7.60 9.30 11.40 13.80 16.40 
Female 0.94 2.29 3.62 5.00 6.60 8.40 10.50 12.70 15.60 
All 0.95 2.33 3.80 5.38 7.20 8.90 11.00 13.40 16.10 

1.1 - 1.2 Male 1.18 2.52 4.02 5.88 7.97 10.18 13.08 15.58 18.32 

Female 1.16 2.42 3.73 5.70 7.60 9.80 12.10 13.90 16.80 

All 1.17 2.45 3.83 5.74 7.74 9.94 12.43 14.52 17.35 

1.3 - 1.4 Male 1.40 2.95 4.48 5.97 7.60 10.07 11.85 14.00 16.58 
Female 1.36 2.95 4.39 5.90 7.70 9.80 12.00 14.10 16.40 
All 1.37 2.95 4.42 5.90 7.64 9.87 11.92 14.05 16.45 

1.5 – 1.6 Male 1.50 3.17 5.14 6.94 8.73 10.87 12.84 15.06 17.50 

Female 1.52 3.03 4.84 6.62 8.13 10.20 12.63 15.22 17.99 

All 1.51 3.09 4.97 6.76 8.39 10.49 12.72 15.15 17.77 

1.7 - 1.9 Male 1.77 3.77 5.60 7.33 9.30 11.33 13.33 15.37 18.00 
Female 1.78 3.65 5.45 7.45 9.50 11.25 13.13 15.30 18.38 
All 1.77 3.70 5.51 7.40 9.41 11.29 13.21 15.33 18.21 

≥ 2.0 Male 2.10 3.95 5.95 7.45 8.30 9.75 11.50 14.50 15.70 
Female 2.10 3.95 5.95 7.45 8.30 9.75 11.50 14.50 15.70 
All 2.10 3.95 5.95 7.45 8.30 9.75 11.50 14.50 15.70 

Overall Male 1.32 2.86 4.58 6.33 8.17 10.17 12.24 14.56 17.06 
Female 1.37 2.86 4.43 6.11 7.86 9.91 12.19 14.45 17.15 
All 1.35 2.86 4.49 6.20 7.98 10.01 12.21 14.50 17.11 
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The overall weaning weight for female piglets was 17.15 kg while that of male piglets was 17.06 
kg (Table 3). The female piglets had slightly higher weaning as well as birth weight. However, 
Darko and Buadu (1998) in their study they indicated that females tended to be heavier at birth 
than males. On the contrary, Poore and Fowden (2004) research findings reported that male piglets 
had a higher weaning weight compared to their female counterparts. Male piglets in ≤1, 1.1 - 1.2 
and 1.3 - 1.4 classes were heavier from birth to weaning compared to the female ones. Similar to 
this, Milligan et al., (2001) indicated that on average males were heavier at birth than females. 

Figure 1 shows growth trends for the piglets from birth to weaning. It shows that the female growth 
rate was slightly lower at birth but slightly higher at weaning compared to the female piglets. The 
average growth rate during the first week was about 1.5 kg and increased significantly to around 
2.6kgs at the eighth week. 

 
Figure 3: Weekly growth rate of piglets from birth to weaning 

The average daily gain (ADG) throughout the pre-weaning stage is illustrated in figure 2 below. 
Males had higher ADG for the first four weeks compared to females. ADG increased significantly 
for females from week 5 and by the 8th week they had reached almost 400 g. Generally, the first 
week recorded an average daily gain of about 200 g which increased to more than 350 g towards 
weaning. 
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Figure 4: Average Daily Gain of Piglets from week 1 to weaning (W8) 

Pearson correlation coefficients between weekly weights from birth to weaning are shown in Table 
4. All correlations were significant and positive among all the traits considered. The highest 
positive correlation recorded was between weight at week 6 and 7 (r = 0.97, P <0.05) followed by 
week 4 and week 5 (r = 0.95, P <0.05). The lowest correlation was recorded between birth weight 
weaning weight (r = 0.21, P<0.05). Generally, there was high correlation between two subsequent 
weekly weights while birth weight had lowest correlation for all weights as from week three to 
weaning.   

Table 8: Pearson correlation coefficients between weights from birth to weaning weight 

Trait Birth Week1 Week2 Week3 Week4 Week5 Week6 Week7 Week8 

Birth 1 0.63** 0.52** 0.48** 0.37** 0.37** 0.29** 0.29** 0.21** 

Week1  1 0.89** 0.81** 0.75** 0.71** 0.60** 0.57** 0.44** 

Week2   1 0.92** 0.83** 0.77** 0.68** 0.69** 0.57** 

Week3    1 0.93** 0.86** 0.82** 0.82** 0.74** 

Week4     1 0.95** 0.90** 0.88** 0.78** 

Week5      1 0.93** 0.88** 0.80** 

Week6       1 0.97** 0.88** 

Week7        1 0.89** 

Week8         1 

Note: **P<0.05 

Significant correlation between birth weight and weaning weight there was in line with other 
studies reported by Matabane et al. (2018) who reported a significant positive correlation (r = 0.5, 
P < 0.01). These two study findings are also in agreement with findings by Raseel et al. (2016). 
The positive correlation between birth weight and other weights till weaning may indicate that as 
the birth weight increases the other consecutive weights also increases. 

 

 

0

50

100

150

200

250

300

350

400

450

W1 W2 W3 W4 W5 W6 W7 W8

W
ei

gh
t 

(g
ra

m
s)

Time (weeks)

Male Female



 

 
88 

 

Livestock Transformation Agenda: Towards Climate Smart Livestock Production Systems  
 

Conclusion 

In conclusion, birth weight had an implication on the survival rate of piglets at the pre-weaning 
stage with the piglets that had 1.7 kg and above recording 100% survival rates. Moreover, there is 
significant positive correlation between birth weight and subsequent weights. Controlling and 
managing piglet birth weight has enormous potential for improving piglets’ survival from birth to 
weaning. 
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Abstract 

Information on daily live weight of pigs can be useful for identifying production (e.g. feeding), 
health and welfare problems, in addition to prediction and control of their market weight and date. 
In this case, a study was conducted to develop a live weight estimation model for large white pigs 
in Kenya. Twenty-one morphological measurements were taken from each pig and utilized in the 
study. Correlations between live body weight and other morphological parameters were high (-
0.22 < r < 0.79) and significant, indicating predictability of traits. Three morphological parameters; 
flank circumference, neck circumference and back height were found to best predict live weight 
(R2=0.74) with the prediction equation; live weight = -83.80 + 0.74 (flank circumference) + 0.83 
(neck circumference) + 0.52 (back height). Sex did not affect prediction model (p>0.005) while 
quadratic terms also did not increase model accuracy and were not included in the final output. 
The study concluded that small scale farmers of large white pigs in rural areas in Kenya would 
better estimate live weight of their pigs using this live weight estimation tool; replacing visual 
appraisal. This will provide a more accurate account of performance recording for evaluation for 
minimal genetic improvement and better bargaining power when marketing pigs. 

Keywords: morphological parameters, smallholder pig farmer, live weight prediction model 

Introduction 

Pig production plays important socio-economic roles in Kenya, which include; income generation, 
wealth storage, traditional ceremonies and beliefs (Mutua et al., 2011; Ouko et al, 2017). The pig 
industry also provides meat of high quality for domestic consumption, cooking fat, bristles and 
manure for crop production (Mbuthia et al., 2015a). The Kenyan pig farming industry is dominated 
by smallholder farmers who constitute 70% of the total pig farmers (MOLD, 2006). In this case, 
the production potential of the pig industry is gravely underexploited due to poor adoption of 
standard production practices and lack of organized breeding programs that would otherwise lead 
to genetic improvements (Mbuthia et al., 2015b). 

Continuous performance recording, monitoring and evaluation of pig live body weight is one of 
the important tasks in pig raising farms. The temporal changes (diurnal, weekly or monthly) in 
weight are important in assessing health and growth of pigs, in addition to determining whether 
maturity state for marketing is reached. This practice is however not commonly practiced by 
smallholder pig farmers in rural Kenya (Mutua et al., 2011) due to lack of weighing scales and 
limited knowledge on the importance of performance recording. This scenario creates a situation 
where visual weight appraisal is used in determining pig weights from time to time; which in turn 
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could adversely underestimate weight of pigs during marketing; thereby setting prices lower than 
actual market value. 

In such cases of resource unavailability, resulting to limited access to equipment for accurate 
weight recording, or complexities involved with animal weighing (e.g. labor intensity, stress 
imposed to pigs or injury to animal and/or handler during weighing); weight prediction using other 
morphological measurements is deemed an attractive option. This option has found application in 
many animal species including, but not limited to cattle and pigs (Ritchil et al., 2014; Walugembe 
et al., 2014). In pigs, predictions of live body weights have been conventionally done using girth 
and body length; though with limited applications in Kenya among other countries in East and 
Central Africa (Mutua et al., 2011). The objective of this study was to determine and validate 
prediction models that farmers can use to predict live weights of large white pigs reared in intensive 
systems in Kenya using morphological measurements. 

Materials and Methods 

This study was conducted at the pig rearing facility of the Kenya Agricultural and Livestock 
Research Organization (KALRO), Naivasha, Kenya. Naivasha lies approximately 90 km north-
west of Nairobi at an altitude of 1829–2330 m above sea level (Ouko et al, 2017). Pigs used for 
this study were intensively managed in concrete floored building and managed according to 
guidelines described by the Federation of Animal Science Societies (2010). 

A total of 107 pigs were weighed from week one to thirty-six as part of routine farm management 
(Figure 1) using a weighing cage. Later on, forty pigs (twenty males and twenty females) were 
randomly selected and twenty corresponding longitudinal morphological parameters (listed in 
table 1) measured by use of a tape measure. Data was not recorded from pregnant females due to 
associated bias in body conformation. 

The twenty parameters measured (table 1) in addition to live body weight were subjected to 
principal component factor analysis using the correlation matrix; whose appropriateness were then 
tested using communalities and a ratio of case to variables. This was to enable a reduction of 
variable to a few that contributes substantially to the total variance in the dataset. 

Prediction equations to estimate pig weight using longitudinal traits were developed using the 
GLM procedures in PAST (Hammer et al., 2001). A morphometric parameter was considered 
significant and included in the prediction model at p < 0.05. Quadratic terms were in addition 
tested and only included if they significantly improved prediction. 

 
Figure 1: Distribution of weight and age of 107 pigs in Naivasha-Kenya (Continuous line = Moving 
averages) 
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Results and Discussion 

According to current knowledge, this study provides the greatest number of morphometric 
parameters (21) and their relationships in pigs in Kenya (Table 1). Minimal efforts were made in 
the recent past to describe several productive and reproductive traits of importance in the region 
by Ilatsia et al. (2008), Mutua et al. (2011), Mbuthia et al. (2014; 2015a; 2015b) and Ouko et al. 
(2017). Attempts were however made in Kenya by Mutua et al. (2014) and Uganda by Walugembe 
et al., 2014 to predict live body weight of pig using other body measurements.  

As indicated in table 1, morphological parameters as at 24 weeks of growth did not differ 
significantly apart from ear width, back height and head width. In addition, coefficient of 
correlation of live body weight against other morphological parameters were -0.22< r >0.79. 
parameters with the highest being recorded for; flank circumference (0.79), neck circumference 
(0.69), back height (0.60), rump height (0.58) and heart girth (0.57). The highly correlated 
parameters could be used by farmers to select for increased body weight.  

Table 1: Morphological characteristics of large white pigs aged 24 weeks as a function of sex in Kenya 

Parameter Sex  Correlation 

 
Male 
n=20 

Female 
n=20 

P-Value  Body 
weight 

P-Value 

Body weight (kg) 92.95a ± 2.04 87.75a ± 1.74 0.06  1.00  

Body length (cm) 125.63a ± 1.56 124.57a ± 1.35 0.61  0.45 0.00 

Body height (cm) 68.73a ± 1.03 67.40a ± 0.92 0.35  0.41 0.01 

Rump height (cm) 73.78a ± 0.83 72.18a ± 0.61 0.14  0.58 0.00 

Heart girth (cm) 104.20a ± 1.07 101.08a ± 1.58 0.14  0.57 0.00 

Fore limb (cm) 41.20a ± 0.74 39.75a ± 0.77 0.30  0.27 0.09 

Hind limb (cm) 46.20a ±0.73 44.09a ± 0.59 0.05  0.34 0.03 

Ear length (cm) 20.03a ± 0.40 19.20a ± 0.55 0.31  0.22 0.18 

Ear width (cm) 20.70a ± 0.36 19.75b ± 0.32 0.04  0.33 0.04 

Trunk length (cm) 76.00a ± 1.50 75.48a ± 1.32 0.34  0.20 0.22 

Trunk depth (cm) 39.15a ± 0.77 38.00a ± 0.78 0.46  0.55 0.00 

Shoulder width (cm) 30.85a ± 0.50 30.70a ± 0.31 0.78  0.47 0.00 

Hip width (cm) 30.65a ± 0.41 30.05a ± 0.41 0.64  0.43 0.01 

Flank circumference (cm). 103.44a ± 1.27 102.35a ± 1.22 0.68  0.79 0.00 

Back height (cm) 72.80a ± 0.99 69.58b ± 0.78 0.03  0.60 0.00 

Head width (cm) 20.30a ± 0.29 19.23bs ± 0.36 0.03  0.55 0.00 

Head length (cm) 31.30a ± 0.16 30.78a ± 0.25 0.09  0.48 0.00 

Interorbital width (cm) 13.42a ± 0.13 13.70a ± 0.22 0.27  0.03 0.87 

Tail length (cm) 15.23a ± 0.41 14.78a ± 0.48 0.47  0.10 0.54 

Teats (Count) 14.55a ± 0.25 14.25a ± 0.29 0.43  -0.22 0.18 

Neck Circumference (cm) 74.95a ± 0.85 72.90a ± 0.57 0.09  0.69 0.00 

a,b = Means from male and female pigs that differ significantly have different superscripts 

 

The rotated component matrix of morpholocial traits of large white pigs are presented in Figure 1. 
In this case, communalities ranged from -0.07 (teats) to 0.34 (body weight), indicating that a 



 

 
93 

 

Livestock Transformation Agenda: Towards Climate Smart Livestock Production Systems  
 

reasonable amount of variance had been accounted for by the component solutions. From this 
visualization (Figure 2), parameters that explained the highest proportion of variation were 
subjected to stepwise regression for model formulation.  

 
Figure 2: Rotated component matrix (loadings) of total variance for the first principal component in 
morphological parameters of large white pigs at 24 weeks. 

Flank circumference was the most important live weight predictor for large white pigs at 24 weeks; 
with R2 of 0.63. Minimal additional contribution to the overall R2 was observed when other 
morphological characteristics were added to the model (Table 2). In addition, rump height and 
heart girth did not contribute significantly to the prediction model (Equation 4 and 5); thus 
rejection of equations four and five. Walugembe et al. (2014) and Mutua et al., (2011) on the 
contrary found the most important predictor being the heart girth. This could be attributed to the 
fact that the authors used village pigs with varied ages unlike the current study which utilized large 
white pigs of a uniform age (24 weeks). In addition, sex did not significantly affect prediction of 
live weight as similarly reported by Mutua et al., (2011). 

In this case, only three parameters; flank circumference (measured immediately in front the hind 
legs), neck circumference and back height were recognized as significant sources of variation in a 
single prediction model when estimating live body weight of large white pigs at 24 weeks of age. 
This is exhibited in equation 3 (live weight = -83.80 + 0.74 (flank circumference) + 0.83 (neck 
circumference) + 0.52 (back height). In the case of smallholder farmers, utilization of the three 
mentioned morphological parameters to predict weight of large white pigs could in many ways 
improve breeding and marketing decisions. It is however worthy noting that taking measurements 
of morphological parameters can be a daunting task; since pigs tend to move round and change 
head position and could interfere with precision. Farmers using this approach of weight estimation 
are advised to properly restrain pigs prior to taking measurements. 
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Table 2: Change in R Square with inclusion of additional morphological measurement using stepwise 
regression for prediction of live body weight of large white pigs in Kenya 

  Coefficients 

 Equation 1 Equation 
2 

Equation 
3 

Equation 4 Equation 
5 

Intercept -39.04 -69.06 -83.80 -82.58 -89.29 

Flank Circumference 1.26 0.94 0.74 0.75 0.68 

Neck Circumference  0.86 0.83 0.83 0.81 

Back Height   0.52 0.54 0.4 

Rump Height    -0.05 -0.01 

Heart Girth     0.21 

R2 0.63 0.69 0.74 0.74 0.76 

 

The fact that pig prediction models exists from other countries, makes it an attractive option for 
adoption and utilization in the Kenyan situation. However, this is not a feasible option due to 
variations in environment and management conditions. The focus of this research output is to 
enable small scale farmers predict live weight of large white pigs using simple and accessible 
devices (e.g. smart phones). In this regard, it is important to collate models from other authors for 
purposes of creation of a digital platform for ease of use by farmers. 

Conclusions 

Estimating live body weight of large white pigs using morphological measurements is a reliable 
option when compared to visual appraisal. The focus of this study was to develop a prediction 
model that will be used by Kenyan small scale farmers of large white pigs to enable them make 
favorable breeding and marketing decisions. It is necessary to undertake trials in other regions of 
Africa to validate utilization of the prediction model to a wider geographical zone. 
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Abstract  

The present study was undertaken to evaluate growth potential, feed intake and efficiency of KC1 
and KC2 breeds.  Body weight and feed intake data of the KALRO improved indigenous chicken 
(KC1 and KC2 chickens) kept under improved management were collected from hatch to 16 weeks 
of age and analysed to determine the effects of age, genotype and sex on their growth performance 
and feed intake.  At all ages, KC2 chickens had significantly (P < 0.05) higher weights (1326 g at 
16 weeks) than KC1 (1281 g at 16 weeks). The rate of growth at 16 weeks of age in KC1 
(16.78 g/day) was lower than 17.53 g/day in KC1 chickens. Except at hatch, KC2 chickens were 
significantly heavier (P < 0.05) than the KC1 chickens at all ages. Male chickens had significantly 
(P < 0.05) superior growth rates than females across both genotypes. Growth trends in both sexes 
depicted linear increase in body weights; however, the rate of increase in body weights was higher 
in males as compared to females, thus showing clear sexual dimorphism.  In conclusion, KC2 
performed better in terms of feed intake and body weight gain. Male birds gained faster compared 
to females.KC1 showed higher liveability compared to KC2.  

Keywords: Indigenous chicken, KALRO,  feed intake, weight gain  

Introduction 

Poultry makes a substantial contribution to household food security along with supplementing 
income worldwide and also can play an important role in poverty alleviation especially for rural 
people and the poorest of poor (Nyagah, 2007). In a developing country like Kenya, poultry 
production in rural areas is of great importance as it can provide supplementary income and 
nutritional security at very low input costs (Nyagah, 2007). Poultry farming can fulfil a wide range 
of functions viz. the provision of meat and eggs, food for special festivals, chicken for traditional 
ceremonies, pest control and petty cash. Additionally, chicken meat consumption is a significant 
protein source, which helps to cover the nutritional needs of the rural population. Therefore,   
poultry farming should be encouraged in the rural areas to provide the local population with high 
quality protein and supplementary income.   

The exotic high yielding commercial strains, which have been imported and mostly utilized for 
commercial production, have often failed to sustain their inherent production performance under 
the adverse and multi stress environmental conditions of rural areas, as they do not accustom to 
local conditions.  

In Kenya, several attempts were made to improve productivity of indigenous chicken (IC). These 
attempts have been made through both genetic and environmental interventions. The genetic 
interventions began in the 1960’s with importation of exotic breeds such as RIR, Light Sussex, 
New Hampshire Red, Black Australorp and White Leghorns (Nyagah, 2007). This was followed 
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by formation of the National Poultry Development Project (NPDP) in 1976 to initiate 
commercialization of IC to improve the smallholder households’ income and protein uptake 
(Nyagah, 2007,).  

The poultry research unit at NRI-Naivasha has been managing a breeding program for genetic 
improvement of IC for the last two decades. This has been a long-term investment program that 
involved collection of various IC ecotypes from various parts of the country and maintaining the 
flocks under intensive management.  In the last 7 years, introgression of imported bloodlines has 
been undertaken to broaden the genetic base of the breeding population for enhanced selection. 
The resultant progeny has been commonly referred to as ‘KALRO improved chicken’ (abbreviated 
as KC). The objective of this initiative has been to increase growth, reproductive performance as 
well as adaptation. Farmers have been sourcing breeding material (live birds and eggs) for KC 
breed lines for either pure breeding or upgrading of their IC flocks especially under smallholder 
scavenging conditions. 

The knowledge of performance of economic traits in the improved IC is important for the 
formulation of breeding plans for further improvement in production traits. Growth and other traits 
of a bird indicate its genetic constitution and adaptation with respect to the specific environment 
(Ahmed and Singh, 2007). In the present study the KALRO improved indigenous chickens 
developed for backyard farming at KALRO Naivasha and Kakamega are evaluated. Though lot of 
work has been carried out on performance of economic traits of chicken (Ngeno et al 2010, Ngeno 
et al 2011 and Okeno et al 2011a) the information on KC1 and KC2 developed for rural/free range 
farming are scanty. The present study aimed at evaluating the comparative performances of two 
new breeds developed for backyard farming in Kenya.  

Rationale of the study is hinged on the fact that Indigenous chickens are important for food, 
nutrition, and income security among the poor rural households. Their great potential for 
improving livelihoods has been recognised, as demonstrated by the increased demand for IC 
products. However, this potential has not been fully realised because the productivity of IC is still 
low, which is a key setback for its utilization. 

Thus, the present study was designed to evaluate the growth potential of two breeds (KC1 and 
KC2). With specific objectives evaluating growth performance, feed consumption and related feed 
efficiency and liveability (%) for the first 16 weeks of life.  

Materials and methods 

Study site 

The study was undertaken at the Kakamega centre of Non-ruminant Research Institute, Kenya 
Agricultural and Livestock Research Organization.  

Experimental birds 

Previous collaborative research work developed two intermediate IC breed lines {referred to as 
KALRO Chicken, (KC)} with high egg production and enhanced growth rates. The two breed lines 
have been undergoing selection as distinct lines termed KC1 - spotted hens and cocks and KC2 - 
black hens and cocks for both egg and meat production. Two breeds viz., KALRO improved 
indigenous chicken (KC1) and   KALRO improved indigenous chicken (KC2) were produced by 
pure breeding by means of intense mating and selection up to the 3rd generation and maintained at 
KALRO Naivasha and KALRO Kakamega. The study birds were as a result of fertile eggs from 
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3rd generation birds that were collected two times daily as per mating  combinations for a period 
of 10 days. The eggs were cleaned with sand paper and cloth and marked for concerned cross on 
broad end. Eggs were fumigated on same day of collection by using 40 % Formalin and KMNO4 
crystals at 1X concentration. The eggs were stored in properly cleaned and fumigated cold storage 
room. Preheating of eggs was carried out before setting  for incubation in an automatic incubator. 
Candling of eggs was carried out on the 19th day of incubation and the eggs with developing 
embryos were transferred to the hatcher. Eggs of each combination were placed in separate labelled 
hatching trays. The chicks were taken out of hatcher after 21 day. The healthy chicks were taken 
out and wing banded to maintain the genetic group identity for the purpose of record maintenance.   

Experimental design and management practices 

259 (174 KC2 and 84 KC1) chicks were wing banded and allocated to 6 pens measuring 12 m2  
such that 58 KC2 chicks were allocated to each of the three pens and 28 KC1 chicks were allocated 
to the remaining three pens in a RCBD design.   

All the chicks were reared on deep litter in open sided brooder house. The brooder house was 
fumigated by using 40 % formalin and KMNO4 crystals after thorough dry and wet cleaning. Walls 
and floor were white washed with lime. Wood shaving was used as a litter material and 2 inch 
layer spread on the floor. Newspapers were spread on litter material for 7 days and wet or dirty 
papers were changed as or when required. In each pen, electric bulbs were used as source of heat. 
Regular monitoring of litter condition was done and periodically litter racking was carried out to 
keep litter dry.  

Feeding and Watering   

Chicks were provided ad libitum chick starter ration (2800 kcal/kg of ME and 20% CP on 
calculated basis) up to 8 weeks of age followed by grower ration (2600 kcal/kg of ME and 16% 
CP on calculated basis) till 16 weeks of age. Clean, fresh and wholesome drinking water was 
provided to all experimental birds.  

Vaccination Programme  

The vaccination programme   is shown in table 1. 

Table 1 Vaccination schedule of birds 

Vaccine  Age   Dose and Route   

Marek's Disease  Day old  0.2 ml S/C  
Newcastle Disease (F1 strain)   7th Day  0.1 ml I/O  
IBD  14th Day  0.3 ml D/W  
IBD Booster  21st Day  0.3 ml D/W  
IB + Lassota  35th Day  0.3 ml D/W  
Fowl Pox  49nd Day  0.5 ml I/M  

 

Measurement of traits  

Body Weight  

Body weight of all birds housed for each breed was recorded individually at day old, 2, 4, 6, 8, 10, 
12, 14 and 16 weeks of age with the help of electronic weighing balance.  
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Feed Consumption   

The weighed quantity of feed offered to the two group of birds were recorded daily. The average 
feed consumption was recorded for each breed by subtracting the left over from the total feed 
provided during each day. The daily feed consumed was summed to give intake for the period. 

Feed Conversion Ratio (FCR)  

FCR is calculated by using following formula;  

 Total feed consumed (kg) during the period  

FCR=   

Total body weight gain (kg) during the period  

Liveability 

The percent liveability was calculated on basis of number of birds that remain alive after deducting 
mortality in purebreds of each genetic groups during experimental periods. 

Total number of birds alive   

Liveability (%) =    × 100 

Total number of birds housed at the start 

Statistical analysis  

Data were subjected to analysis of variance (ANOVA) and LSD used for mean separation. 

Results and discussion 

Effects of genotype 

The final body weights for the KALRO improved indigenous chicken genotypes KC1 and KC2 
measured at start and 16 weeks are presented in Figure 1.  At all ages, KC2 chicken had 
significantly (P < 0.05) higher final weights (1326 g at 16 weeks) than KC1 (1281 g at 16 weeks).  
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Figure 5 Body weights of KC1 and KC2 

Weight Weight gain  

The mean weight gains for the two KALRO improved indigenous chicken genotypes are presented 
in Figure 2. The weight gain at 2 and 4 weeks of age differed significantly (p<0.05) for the two 
chicken genotypes studied. Weight gains for the two genotypes (KC1 and KC2) did not however 
differ (P>.05) between the ages of 6 and 16 weeks of age.  

 

Figure 2: Weight gains for KALRO improved indigenous chickens KC1 and KC2 
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Feed intake and FCR for the two KALRO improved indigenous chicken genotypes are presented 
in Table 2. Feed consumption during the growing period differed (P<.05) between KC1 and KC2  
with KC1 being lower compared to KC2. The FCR during the growing period did not differ 
(P>0.05) until the age of 12 weeks, thereafter KC2 showed a significantly improved (P<0.05) FCR  

Table 2. Feed intake and FCR at different ages of KALRO improved  indigenous genotypes KC1 
and KC2 

Age Feed intake (g/b/d) FCR 
KC1 KC2 KC1 KC2 

2 15.6a 16.0a 5.5a 4.5a 
4 26.8a 28.5b 4.5a 4.3a 
6 40.1a 43.2b 6.2a 5.6a 
8 49.7a 52.3b 5.0a 5.2a 
10 59.8a 62.5b 5.0a 4.8a 
12 67.3a 70.7b 11.0a 7.97b 
14 80.3a 80.7a 11.8a 12.5a 
16 87.8a 88.5b 7.5a 11.1b 

Means with different superscripts within a row differ significantly (p<0.05) within the same age 
and variable 

Effects of sex 
Average body weights, Weight gain, feed intake and FCR measured at starter and growing period 
are presented in Table 3. Body weights, weight gain, feed intake and FCR showed sexual 
dimorphisms and the males recorded significantly (P<.05) higher body weights, weight gain, feed 
intake and FCR than females.  

Table 3 : Body weights, weight gains, feed intake and FCR at different ages in male and female  
KALRO improved  indigenous chicken 

 Body weights (g) Weight gain 
(g/b/d) 

Feed intake (g/b/d) FCR 

Age Male Female Male Female Male Female Male Female 
2 128.64 a 101.82b 6.79a 4.84 b 15.93 a 15.82b 3.26 a 6.12 a 
4 240.13 a 197.55 b 7.99 a 6.75 b 29.19 a 26.92 b 4.67 a 4.12 a 
6 397.13 a 317.93 b 11.43 8.72 44.26 a 40.34 b 6.44 a 5.29 b 
8 599.04 a 460.99 b 14.25 10.10 53.39 a 49.84 b 5.72 a 4.39 
10 920.59 a 686.10 b 23.62 16.12 63.40 a 60.04 b 3.47 5.99 
12 1096.10 a 821.45 b 14.10 a 10.55 b 71.45 a 68.14 b 8.08 a 9.60 a 
14 1312.97 a 1068.10 b 13.52 11.86 80.42 89.78 b 11.78 12.98 
16 1436 a 1169.60 b  17.66 16.75 88.12 a 88.12 b 9.95 a 10.73a 

 

Means with different superscripts within a row differ significantly (p<0.05) within the same age 
and variable (e.g. Body weight) 

Males recorded significantly (P<.05) higher weight gains and feed intake than females. 

Liveability (%) 
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The liveability recorded is presented in Table 4. During growing phase 0-16 weeks of age highest 
liveability was observed in KC1 (98.65 %) compared to that of KC2 (98.25 %). 

Table 4: Liveability of KC1 and KC2 KALRO indigenous chicken 

Genotype KCI KC2 

Number of chicks housed  174  84  

Number of birds died during 0-16 wks.  4  5  

Mortality %  1.39 1.68  

Liveability %  98.65  98.25  
 

Discussion  

Body weight is the direct reflection of growth and it influences the production and reproduction 
traits of birds. Ngeno et al (2011) in a similar study reported the significant effect of genotype on 
body weights of chicken. The body weights in KC1 were lower at all the ages compared to KC2 
meaning could be developed as a rural layer. The higher body weights in KC2 may be because of 
the exotic inheritance prevailing in the birds. Kingori et al (2010) reported lower body weights 
988grams at 16 weeks in native Kenyan chicken populations, which are lower than the present 
estimates. This suggests an improvement of the two breeds KC1 and KC2 from the native 
indigenous chicken populations.  

Body weights, weight gain, feed intake and FCR showed sexual dimorphisms as the males 
recorded significantly (P<.05) higher body weights than females. The sexual dimorphisms 
observed in the present study   were in agreement with the findings of Padhi et al (2012). The body 
weights observed in male and female were in agreement with the reports of Ngeno et al (2010) 
and Ngeno et al (2011). The body weights during the growing period   differed significanly (P<.05) 
between male and female. The characteristics observed in males and females are important for the 
meat production industry since farmers can dispose males that attain table weights weeks earlier 
than female birds. 

Feed consumption during the growing period differed (P<.05) between KC1 and KC2. Feed 
consumption was lower in KC1 compared to KC2.  More feed consumption in KC2 birds might 
be due to their higher growth and body weight. Sazzad (1992) in RIR and BPR reported similar 
findings in different breeds. 

During growing phase 0-16 weeks of age higher liveability was observed in KC1 (98.65 %) 
compared to that of KC2 (98.25 %). Islam et al (2002) observed similar results on cross breeds in 
India. 

Conclusion 

Among the KALRO improved indigenous chicken, KC2 performed better in body weight, weight 
gain, feed consumption, whereas KC1 showed higher liveability. The KC2 performed better than 
the KC1 and can be a suitable alternative dual-purpose breed. Feed consumption for KC1 genotype 
was lower compared to KC2. 

Recommendation 

Further evaluation of KALRO improved indigenous chicken is recommended.  
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Community Actions in Addressing Donkeys Skin Trade in Kenya 

Abstract 

Donkey (Equus africanus asinus) are a social, natural and capital asset critical to poor 
communities’ livelihoods and survival. There has been an upsurge in loss of donkeys in Kenya, 
especially in the counties that host donkey abattoirs and those that were listed to have high donkey 
populations in the 2009 Kenya Population and Housing Census. An assessment commissioned by 
Brooke that was done in Narok, Nakuru and Baringo counties in 2017 reported that 88% of the 
respondents believed that donkeys had been stolen for purposes of slaughter. The study revealed 
that 77.7% of those who had lost donkeys felt they became poorer, experienced a reduction in  
women’s income (19.2%), increase in labor for women (35.6%), children missing school (15.8%), 
and lost means of transport (29.1%). This is a growing problem believed to be driven by 
burgeoning demand for skins in China for the production of ejiao, a traditional Chinese medicine. 
A total of 301,977 donkeys, which represented 15% of the donkey population (according to 2009 
Kenya Population and Housing Census) were slaughtered in four export slaughterhouses within 
the period April 2016 – December 2018. Over 4,000 donkey theft cases were reported and over 
400 carcasses found skinned and strewn in the bushes within the same period. Such unsustainable 
scale of harvest to an animal that has not traditionally been farmed for human consumption 
adversely impacts the donkey population, threatens livelihoods of people that depend on them and 
limit options for sustainable development. This trade has been stopped or restricted in some 
African countries such as Ethiopia, Mali, Botswana, Niger, Uganda, Burkina Faso, Senegal, but to 
do that, effective national efforts should be complemented by collective community action. In 
Ethiopia, the ban on donkey slaughter for skin trade came about as a result of public outcry 
amplified by the media. Experiences by the Brooke East Africa and her partners demonstrate that 
active participation of local communities is critical in ending the donkey skin trade. Brooke East 
Africa through her partners are investing in  support of owner-led protection initiatives including 
donkey-protection shelters, information, surveillance, multi-stakeholder awareness and solar 
lighting to improve security and safety of donkeys and amplify community voices to advocate for 
regulated and eventually banning donkey skin trade.  

Keywords: Donkey skin trade, livelihoods, ejiao, actions 
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Abstract 

High camel calf mortality, retarded growth and poor health are common occurrences in the pastoral 
production systems in Kenya which previous studies have linked to poor camel calf management 
by pastoralists. Calf mortality, retardation and causes were analysed in reference to camel calf 
management systems in order to ascertain possible relationships. The traditional practice of 
restraining colostrum suckling at birth which has a high content of maternal antibodies and 
provides passive immunity is among major factors leading to mortality, retardation and poor 
health. Other major factors established by this study are calf diarrhoea, milk competition with 
calves by households and limited forage during drought. It was concluded that calf mortality, 
retarded growth and poor health are major factors affecting calf performance and by extension 
herd progression in pastoral production systems. It is therefore recommended that pastoralists need 
to be sensitized on the importance of colostrum feeding and good calf husbandry techniques; there 
is need to introduce alternative feeds such as milk replacers (commercial or locally formulated) 
and starter feeds in order to bridge challenges of milk competition and seasonal forage deficit; 
accessibility to veterinary care and health delivery system should be improved.  

Keywords: calf mortality, retardation, colostrum, milk competition, production systems 

Introduction 

The camel (Camelus dromedaries) is a very useful animal especially in the arid and semi-arid 
region, and great benefit could be realized by maximizing the productive potential of the animal 
(Jaji et al.,2017). The position of the camel in providing food for pastoralists in northern Kenya is 
becoming even more crucial in the face of global warming and climate change. Camel milk plays 
a very crucial role in the nutrition and income of camel keepers.  Camels supply milk and meat 
constantly under harsh environmental conditions in arid and semi-arid areas of Kenya (Tura et al., 
2010). Poor management on the part of the pastoralists is perceived to be a major cause of high 
mortality rates of camel calves contributing to slow progression of camel herds. Milk competition, 
restricted colostrum suckling, seasonal forage deficit and diseases are major factors causing calf 
mortality and retarded growth rates. This paper summarizes the current status of camel calf 
management in extensive and peri-urban camel production system in northern Kenya and 
recommends measures to reduce calf mortality and retarded growth rates with a view to enhance 
calf performance and herds growth in order to unlock camel potential for commercial milk and 
meat production among other uses of camels.  

Material and methods 

The study was conducted in southern rangelands of Marsabit County among the Rendille camel 
keeping community in Kargi, Korr, Ngurunit and Karare and among Garre clan of Somali tribe in 
Isiolo County. A survey using key informants (KI) interviewed 150 households and 5 focus group 
discussions (FGDs) comprising of 6-12 persons per study site was conducted. KI data was entered 



 

 
106 

 

Livestock Transformation Agenda: Towards Climate Smart Livestock Production Systems  
 

and analysed using the Statistical Package for Social Sciences (SPSS, 2019) program. FGDs data 
was analysed using constant comparison method.  

Results and Discussion 

Birth management and colostrum feeding 

At birth, a camel calf required special care which slightly varied in different production sites. All 
camel keepers (100%) ensured the calf was breathing at birth by removing birth fluids from the 
nostril. In the extensive system, the umbilical cord was tied with a clean string while in the peri-
urban system, camel keepers used a disinfectant to prevent germ entry and infections. Despite the 
fact that colostrum feeding is an integral part in calf growth, 60% of pastoralists in the extensive 
system in Kargi, Korr and Ngurunit restricted colostrum feeding to avoid diarrhoea while only 
10% of camel keepers in the peri-urban production system in Karare and Isiolo claimed to restrict 
colostrum feeding to avoid diarrhoea and bloating. Most (99%) of early (1-3 weeks) deaths of 
camel calves in extensive production systems were attributed to diarrhoea and irregular colostrum 
and milk feeding compared to <1% in peri-urban system (Table 1). Colostrum feeding in camel 
calves confers passive immunity which enhances survival and also cleans the stomach by 
facilitating passing of the first faeces (Kuria et al., 2011). Early separation of the calf from its 
mother results in irregular feeding with milk and leads to over feeding in the evening after a whole 
day’s separation which mostly leads to bloat and diarrhoea. Therefore, pastoralists should ensure 
adequate colostrum feeding through free calf suckling ad-libitum especially within the first 12 
hours of birth and subsequent hygienic regular milk feeding. 

Table 1. Camel calf mortality rate under  different production systems 

Production system Mean SEM Percentage 

Peri-urban  0.04 0.042 0.6 
 
Extensive 2.26 0.38 99.4 

 
Major causes of camel calf mortality 

When the four major causes of calf mortalities were compared in different production systems, 
drought stood out as a major killer reported by 53%, diseases were experienced by 15%, parasites 
by 17% and predation by 15% in extensive camel production systems. In peri-urban production 
system, diseases were the main cause of calf mortality experienced by 49% of the survey 
participants, followed by drought which was reported by 33%, parasites ranked third reported by 
15%, and predation by 2% (Figure 1). 
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Figure 1: Major causes of camel calf mortality 

Major causes of calf retardation under different production systems 

Major factors responsible for retarding growth in calves before weaning were reported to be 
drought/inadequate forage and water (40%), diseases (28%) and milk competition between human 
beings and camel calves (32%) in the extensive camel production system while in the peri-urban 
production system, diseases comprised were the major cause reported by 63% of the study 
participants (Figure 2). These comprised skin diseases, abscess and pneumonia. Drought (29%) 
and 8% milk competition were second and third. The peri-urban camel production system had 
better health inputs and the rangelands of Mount Marsabit and Isiolo was better in camel forages 
and rainfalls compared to the arid areas of Kargi, Korr and Ngurunit. Although the peri-urban 
production system was necessitated by camel milk demand by the urban population, little (8%) 
milk competition for calves was reported. 

 

 
Figure 2. Major causes of calf retardation before weaning  
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Milk feeding 

Milk competition for household consumption and trade is a common practice in pastoral 
production systems. One week after calving, camel calves were separated from the dams during 
the day and dams subjected to morning and evening milking and calves get their daily milk 
allocation (Table 2). The calves were allowed to suckle at most twice a day. The amount of milk 
the camel calf suckled varied in different growth stages (Table 2). During the first three months, 
the calves suckled on average 2 litres of milk per day in the two camel production systems. The 
amount of milk reduced to 1 litre as from six months of age in peri-urban production system. 

Table 2. Milk quantities the calf is allowed to suckle in different growth stages (Months) in litres 

Production  system  (1-2 months)  (2-3 months)  (4-5 months)  (>6 months) 
Peri-Urban system 2.1 1.9 1.5 1 

Extensive system 1.9 2.1 1.8 1.6 
 
Forage, Water and Salt Supplementation 

After birth, camel calves were introduced to forage at different stages of growth in different 
production systems. Calves were mainly introduced to forage between 1.5 - 2 months of age in 
both extensive and peri-urban production systems. Commonly used mineral supplements were 
natural licks, commercial salts and table salt (Figure 3). Salt supplements were acquired either 
from the market or those locally available. In the extensive system, natural licks were commonly 
used (58%), commercial salts (36%) i.e., Red Magadi and table salt (6%). In the peri-urban camel 
production system, only commercial salts were used (100%) as for supplementation. 

 
Figure 3: Salt used for supplementation under different production systems 

Watering interval 

Watering intervals varied from 1 – 14 days. In the extensive system over 99% had a watering 
interval of 5-14 days while in the extensive system 71% of the study respondents reported a 
watering interval of 6-7 days (Figure 4). 
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Figure 4: Watering interval 

Camel Calf Health Management 

Health management is vital in controlling death and improving growth in camel calves (Tura et 
al., 2010).Under different camel production systems, the camel calf mortality rate was higher 
(21.7%) in the extensive camel production system compared to the peri-urban production system 
(2.2%), (Table 3). Camel calves are vulnerable to diseases at the early phases of life because of 
low immunity, therefore the feeding, handling and housing is vital at this time because of 
predisposing factors (Tibary and Anouassi, 2001). From the study, 87% respondents reported 
presence of deformed legs in young camel calves which recovered later in life, while 13% did not 
observe any deformed legs in their young camel calves. Some abnormalities like deformed jaws, 
umbilical cord bleeding, blindness or deafness which were not a result of accidents and which did 
not recover later in life were identified (70%) while 30% did not observe any of the life-long 
abnormalities. Limited colostrum, milk, forage and presence of diseases had the least effect on 
camel calf health and mortality rate in Isiolo and Kamboe (<10%) compared to other camel 
production sites like Kargi (>30%), Ngurnit (40%) and Korr (>50%). Climate change impacted 
camel production directly through heat stress and increased morbidity and mortality; and indirectly 
through quality and quantity of feed resources and spread of vector-borne diseases and animal 
parasites (Grossi et al., 2018). This may explain the occurrence of camel calf diseases like 
pneumonia, skin diseases, tick paralysis, worm infestation, camel pox, and diarrhoea which were 
uncommon in Isiolo and Kamboe due to better health inputs and the rangelands compared to other 
camel production sites in arid areas like Kargi, Ngurnit, and Korr. 

Conclusions and recommendations 

Colostrum feeding is an integral part in calf growth. Restricting colostrum feeding should mainly 
aim at preventing calf diarrhoea and preventing calf bloat. Training of pastoralists on the existing 
camel calf management technologies can reduce mortality rate due to limited colostrum feeding. 
Poor management practices were cited among the reasons why a large number of calves died in 
Kenya’s pastoral camel herds; thus camel calf management should start before birth. Provision of 
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adequate education and access to veterinary care in order to reduce camel calf mortality is crucial. 
This study revealed there were mismanagement aspects such as poor care for the calves in terms 
of milk allowance, grazing, watering and health management. Therefore, there is need to create 
awareness among pastoralists on the dangers associated with the current calf management 
practices among the pastoralist herds. 
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Abstract 

Far from the legendry hobby and war weaponry, beekeeping is a lifestyle, endowed with food and 
nutritional life-saving health systems, further encompassing apitherapy. The economic 
contribution of beekeeping to Gross Domestic Product (GDP) is unrivalled, at Kshs.14 billion in 
the entire Livestock Sector, besides benefits accruing from bee pollination, currently rated at $ US 
389 billion globally. Beekeeping ranks high in the fulfilment of the Sustainable Development 
Goals, SDG1, SDG2, SDG3 and SDG5, prioritized as: zero hunger, eradication of absolute 
poverty, inclusivity (“leaving “no one behind”) and employment. In Kenya, there is evidence from 
past programs: Oxfam from United Kingdom, Kenya Freedom From Hunger (a local initiative), 
and the Canadian International Development Agency (CIDA), indicating that beekeeping plays a 
critical role in the economic empowerment of the Kenyan populace, particularly in the rural areas, 
mainly ASALs, where the enterprise is predominant; Baringo, Kitui, Tharaka Nithi, Taita Taveta, 
West Pokot, Samburu, Bungoma, Makueni, Machakos and Narok, comprising of  >100,000 
families, deriving their livelihoods either directly or indirectly from beekeeping. Ten percent of 
the employment created in the livestock industry is attributed to honey/beeswax processing and 
beekeeping equipment production. The industry has sustainably been kept afloat through 
continuous training for skills and knowledge acquisition, group and marketing platforms, support 
from continuing programs, periodic review of policy/legal/institutional implementation 
frameworks for the beekeeping industry. Value addition, research/innovation, collaborative 
partnerships and synergies in tree-planting, mitigation and resilience, are equally embraced. 
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Abstract 

Contagious Bovine Pleuropneumonia (CBPP) is mainly a disease of cattle in Africa that is 
controlled by early diagnosis and vaccination using live attenuated vaccines. The prescribed 
serological diagnostic tests are either a CFT or cELISA. However, none of these prescribed 
diagnostic tests are capable of detecting all clinical stages of CBPP. This study undertook research 
to identify Mmm antigens that could be used to detect both acute and chronic stages of CBPP in 
cattle experimentally infected with Mmm. Serum samples from well-characterized cattle infected 
with the Afade strain of Mmm were screened using i-ELISA. The antigens tested were MSC_0397, 
MSC_0636, MSC_0653, and LppB. These antigens were selected following extensive literature 
review and previous laboratory studies in which they had been predicted or shown to have higher 
sensitivities and specificities in detecting cattle infected with Mmm. All antigens tested negative 
on sera from naïve animals. However, the performances of MSC_0636 and LppB showed 
significance differences (P ˂ 0.05) by detecting both acute and chronic clinical stages of CBPP 
compared to other antigens post-inoculation. Therefore, MSC_0636 and LppB would be the most 
suitable antigens recommended for the development of pen-side assays for detecting CBPP 
infected cattle. 

Introduction 

Investigations to understand pathogenicity factors associated with Mmm have been undertaken to 
introduce bacterial antigens in the development of alternative tests and vaccines (Westberg et al., 
2004; Perez-Casal et al., 2015). A virulent factor that injures cattle cells, the H2O2 formed by L-
ά-glycerophosphate oxidase (GlpO) has since been identified during in-vivo studies (Miles et al., 
1991; Pilo et al., 2005). A comparison of Australian-African-cluster strains of Mmm and European 
cluster strains revealed that the latter is less virulent. The virulence traits of Australian-African-
cluster strains of Mmm were due to their ability to introduce glycerol, a precursor of H2O2 while 
the European strains lack this function, due to erasure of the operon coding the glycerol uptake 
structure (Vilei and Frey, 2001). It has also been revealed that cytotoxic effects occur in nasal 
epithelial cells of hosts inoculated by either membrane-bound glycerol-phosphate oxidase (GlpO), 
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capsular polysaccharides (CPS), or thick galactan layer surrounding Mmm (Buttery et al., 1976; 
Bischof et al., 2009).  

Lipoproteins and variable surface proteins of Mmm contain virulence factors that severely affect 
the host (Brenner et al., 1997). Lipoproteins are extremely antigenic membrane proteins and are 
involved in Mycoplasma’s survival links such as adhesion and stimulation of pro-inflammatory 
cytokine release (Herbelin et al., 1994; Calcutt et al., 1999; Marie et al., 1999). To date, several 
immunogenic proteins of Mmm have been described including; MSC_397, MSC_636, MSC_653, 
LppB, and LppQ (Abdo et al., 2000; Miltiadou et al., 2009; Perez-Casal et al., 2015). By varying 
the antigenic range of surface proteins, mycoplasma might survive better in the mammalian host 
(Rosengarten and Wise, (1990); Razin et al., 1998; Denison et al., 2005). The variations are 
achieved at a genomic level using “cases” of repetitive sequences that are switched by addition, 
erasure to form varied protein modifications in mycoplasmas (Lysnyansky et al., 1996; Persson et 
al., 2002). 

Since Mmm is a pathogen affecting the respiratory system, the local and mucosal antibody response 
plays the main part by preventing the growth and colonization of bacteria on animal cells (Niang 
et al., 2006). The defensive role of antibodies in humoral responses during infection with Mmm 
has been established and shown that transmission of sera from cattle that had recuperated from 
Contagious Bovine Pleuropneumonia (CBPP), was able to confer protective immunity to 
beneficiary calves (Masiga et al., 1975). Strong serological responses from immunoglobulin 
isotypes IgM, IgG1, and IgG2 antibody profiles were obtained in infected cattle but only the levels 
of mycoplasma-specific IgA correlated with the acute clinical stage of CBPP (Niang et al., 2006). 
Earlier studies proposed that both humoral and T-cell immunity played a role in immune responses 
that correlated with protection against Mmm (Masiga et al., 1975; Dedieu et al., 2005). Several 
studies have explored surface-exposed proteins of Mmm as likely targets of antibody responses 
(Kiarie et al., 1996; Abdo et al., 1998).   

Diagnosis of CBPP mainly employs a combination of any of the following: clinical signs, 
serological tests, post-mortem findings, and PCR (Bashiruddin et al., 1994; Wesonga and 
Thiaucourt, 2000). The CFT and c-ELISA are the only prescribed serological tests by the OIE for 
the diagnosis of CBPP infected cattle. These prescribed serological tests have limitations 
necessitating the need for the development of user-friendly, sensitive, and specific assays. Earlier 
studies described the use of iELISA based on the LppQ antigen (Bruderer et al., 2002) and also 
several Mmm proteins in a cocktail ELISA setup (Neiman et al., 2009). However, it is expensive 
to produce various antigens for cocktail ELISA and also limited data was available to confirm that 
antigens used in previous studies can detect all clinical stages of CBPP. The goal of this trial was 
to: i) optimize protein-encoding genes for Escherichia coli expression and purification, ii) 
characterize humoral immune responses in infected cattle specific for purified antigens of Mmm 
that can detect all clinical stages of CBPP. 

Materials and methods 

All protocols of the studies were designed and performed in strict accordance as per applicable 
animal welfare regulations with the approval of KALRO-VSRI, IACUC: 
VSRI/IACUC009/15072016.  

Tagging and transformation of Mmm genome sequences  
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Genome sequences encoding MSC-397, MSC_636, and MSC-653 genes were submitted to a 
commercial company (GenScript USA Inc) for tagging into the PQE60 expression vector. Frozen 
competent Escherichia coli cells (BL 21 DE3 STAR) were thawed on ice for 30 min. 5 μl of 0.05 
µg/µl recombinant plasmid DNA was dispensed in a microcentrifuge tube, 50 μl E. coli cells added 
and the contents gently vortexed to mix. Tubes were heat-shocked at 420 C in a water bath for 45 
secs then placed on ice for 2 min. 950 μl of super optimal broth media (S.O.C from Invitrogen life 
technologies, USA) without antibiotic was added to the contents and grown at 370 C in a shaker 
incubator (220 rpm) for 45 min. 50 μl of transformed cells were plated on an LB broth with agar 
(Sigma Life Sciences, USA) containing 100 µg/ml ampicillin (Sigma Aldrich, USA). Agar plates 
were incubated at 370 C overnight (O/N). Glycerol stocks were made by placing a recombinant 
colony of each plasmid into 10 ml LB broth with 100µg/ml ampicillin. The contents were grown 
at 370 C in Innova 4335 New Brunswick Scientific USA incubator shaker until the absorbance at 
600 nm was between 0.5 to 0.6 on a spectrophotometer. 1 ml culture of each plasmid was put in 2 
ml sterile cryovials, 0.5 ml of sterile 100% glycerol (VWR Prolabo chemicals, Belgium) added, 
mixed and kept at -800 C for future use.  

Extraction of DNA from recombinant Mmm plasmids and running of agarose gel 

Plasmid DNA was harvested from transformed bacteria using the QIAprep miniprep kit Inc. A 
colony of bacteria was grown under ampicillin selection (100 µg/ml) in 3 ml LB culture media 
O/N at 370 C with vigorous shaking (220 rpm). Two milliliters of O/N cultures were dispensed in 
Eppendorf tubes and span at 14,000 rpm for 3 min at 150 C to harvest cells. The supernatant was 
completely discarded and the pellet resuspended in 250 µl P1 buffer (25 mM Tris-HCl, pH 8.0, 10 
mM EDTA, 50 mM glucose), containing RNase-A. Two hundred and fifty µl P2 buffer (1% 
Sodium Dodecyl Sulfate (SDS) was added and mixed by gently inverting tubes 6X within 5 min. 
Three hundred and fifty µl of neutralizing N3 buffer (4.2 M guanidine hydrochloride, 0.9 M 
potassium acetate, pH 4.8) was added, contents mixed by inverting the tube 6X until the solution 
was cloudy. The contents were span for 10 min, 14, 000 rpm at 40 C, and supernatant applied to 
QIAprep spin columns. The columns were span for 1 min at 14,000 rpm and the flow-through 
discarded. The columns were washed by adding 500 µl PB buffer (5 M guanidine hydrochloride 
and 30% isopropanol) to remove traces of nuclease activity. After centrifugation for 1 min at 14, 
000 rpm, the spin columns were washed with 750 µl PE buffer (10mM Tris-HCl pH 7.5 and 80% 
ethanol) and centrifuged for 1 min at 14,000 rpm. The filtrate was discarded and the columns 
subjected to additional centrifugation to remove any residual wash buffer. The columns were then 
placed in clean 1.5 microcentrifuge tubes and the bound plasmid DNA eluted in 50 µl of double-
distilled water. The DNA was quantified using Thermo Scientific NanoDrop 1000 
spectrophotometer and resolved in 1% agarose gel.  

Western blotting using 6x-his antibody  

This protocol was modified from the QIAexpress Ni-NTA Fast Start Handbook, June 2006). The 
15 µg of purified antigen was loaded per well in 10% SDS-PAGE separating gel (appendix 4) 
along with 3 µg of Fisher Scientific molecular marker, USA. The gel was run in an SDS-PAGE 
electrophoresis tank for 1hr 50 min and thereafter placed in 1x transfer buffer (appendix 5) for 15 
min. The transfer sandwich (ATTA electrophoresis tank AE-6675, Japan) was assembled, gel 
placed in the sandwich tank, a voltage of 25 V applied at maximum current, and transferred for 1 
hr. Briefly, the blot was dipped in tap water then into the Ponseau S solution (Sigma Aldrich, USA) 
to visualize the protein bands. The Ponceau S solution was rinsed off the blot with three washes 
of Tris-buffered saline-tween (TBST), prepared as shown in appendix 5. 1% casein in TBST was 
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used for blocking at room temperature for 1 hr. The primary antibody (6x-his monoclonal antibody 
from Sigma Aldrich, USA) was applied and incubated O/N at 40 C at a concentration of 1: 2000 
for the 6x-his antibody and 1: 100 for sera in 50 ml of blocking buffer. The following day, the blot 
was rinsed 5 times with TBST. Thereafter incubated in the 0.2 µg/ml HRP-conjugated secondary 
antibody (Sigma Aldrich, USA) in 50 ml blocking buffer for 1 hr at 240 C. The blot was rinsed 5 
times in TBST and developed by adding the substrate {50 ml PBS; 50 µl 30% H2O2; 0.05g 3,3´-
diaminobenzidine (DAB from Sigma Aldrich, USA)}. The blot was then washed after 5 min and 
visualized by Bioanalytical Imaging System (Azure Biosystems, USA).  

Expression of recombinant Mmm proteins and determination of protein solubility 

Firstly, LB agar plates containing 100µg/ml ampicillin were streaked with recombinant plasmids 
in glycerol stocks and incubated overnight in Thermo Scientific HERACELL 150i CO2 incubator, 
Germany. The following morning, the desired isolate was inoculated with 5ml culture of Luria 
broth (LB from Sigma Life Sciences, USA) with 100µg/ml ampicillin, incubated at 370 C and 
shaken at 220 rpm. On day 3, 250 ml of broth plus ampicillin was inoculated with the 5 ml of O/N 
culture in 1 liter flask, incubated at 370 C until spectrophotometer readings at 600 nm were within 
0.5 to 0.6 before adding 0.4 mM isopropyl β-D-1-thiogalactopyranoside (IPTG) from Promega 
Corporation, USA, incubated for 6 hours at 370 C by shaking at 220 rpm. The culture was then 
centrifuged in Beckman coulter Avanti J-301 at 8000 rpm for 15 min. The supernatant was 
discarded and pellets suspended in 1 ml of 25% sucrose/50 mM tris pH 8.0, transferred to 50 ml 
corning tubes and kept at -800 C until purification.  

Before the purification of proteins, the solubility of each protein was determined. The cells were 
removed from -800 C and thawed on ice for 15 min. The lysis buffer (formulation is shown in 
appendix 3) at pH 8.0 (10 ml of lysis buffer per gram wet weight of pellet) was added then placed 
on the rotor (Denley Spirax, England) for 1 hour to break open the cells and sonicated (Ultrasonic 
Homogenizer Model 150VT, Biologicals, Inc., USA) at 50% amplitude for 2 min to further break 
the remaining cells. The lysate was span at 10, 000 x g for 30 min at 150 C, supernatant collected, 
and pellet resuspended in 10 ml 1 x PBS. Five microliters of supernatant and/or pellet were mixed 
with 5x SDS sample buffer (appendix 4) at a ratio of 1 : 3 and placed in a water bath at 950 C for 
4 min, thereafter loaded on wells of 10% SDS-PAGE gel and run for 1 hr 50 min. The gel was 
stained with coomassie blue, destained (appendix 4), and visualized by Bioanalytical Imaging 
System (Azure Biosystems, USA) to confirm the presence of proteins.  

Purification of Mmm proteins 

The protein purification procedure was adapted from QIA expressionist, June 2003 with 
modifications. Briefly, the expressed cell pellets were removed from -800 C freezer, thawed for 15 
min, 8M urea lysis buffer added at 10 ml per gram wet weight. 0.1 mM Phenyl methyl sulfonyl 
fluoride (PMSF)-Sigma Aldrich, USA was added to inhibit protease activity. The corning tubes 
with cells were put on the rotor and allowed to mix for 60 min at 240 C taking care to avoid 
foaming. The lysate was span at 10, 000x g for 30 min at 150 C to pellet the cellular debris and 
supernatant saved. Five µl of 2x SDS-PAGE sample buffer was added to 5µl supernatant and 
stored at -200 C for SDS-PAGE analysis. One ml of the 50% Ni-NTA slurry (Sigma Aldrich, USA) 
was added to 10 ml lysate and mixed gently by shaking on the rotor for 30 min at 240 C. The lysate-
resin mixture was loaded carefully into an empty column (BioRad, USA) and flow-through 
collected for SDS-PAGE analysis. The columns were washed 3x with 4 ml of wash buffer 
(appendix 3) at pH 6.3 and wash fractions kept for SDS-PAGE analysis.  Recombinant antigens 
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were eluted 3x with 1ml elution buffer (appendix 3) at pH 7.4. The purified proteins were mixed 
with 2x SDS sample buffer (appendix 4) and ran in SDS-PAGE gel. The LppB Mmm gene was 
tagged, transformed, and sent as glycerol stocks to BecA-LRI from Agricultural Research Council 
(ARC)-Onderstepoort Veterinary Institute (OVI), South Africa for expression and purification of 
proteins (Miltiadou et al., 2009). 

Dialysis and estimation of protein concentration 

The purified proteins were extensively dialyzed in 4M urea for 11/2 hour then 1x PBS (appendix 
2) for either 1hour (MSC_0499, MSC_0636, MSC_0653 & MSC_0775) or O/N at 40 C 
(MSC_0136, MSC_0397, MSC_0431 & LppB) and concentrated using polyethylene glycol from 
Sigma Aldrich, Germany. Quantification was performed as described by BCA Protein Assay Kit 
(Thermo Scientific, USA). In this protocol, 25 µl of a sample was pipetted in a replicate in a 
microplate well (working range = 20-2000 µg/ml). 200 µl of the working reagent was added to 
each well and mixed for 30 seconds. The plate was then incubated at 370 C for 30 min, then 
absorbance measured at 562 nm in a plate reader (BioTek Synergy HT, USA). The calculated and 
standardized absorbance was plotted in a standard curve and used to determine unknown protein 
concentrations. 

Serum samples from naïve and experimentally infected animals  

Thirty-two well-characterized sera were used in this study. Twenty-four of the sera were collected 
from 8 CBPP-infected Zebu cattle. Twenty-four of those sera from infected cattle were collected 
at different clinical stages: Acute, sub-acute and chronic phases of the disease. Eight of the 
remaining sera were collected from 8 naïve cattle in an on-station experiment. Eight of the sera 
from the other 8 naïve cattle, were well-characterized sera and confirmed to be negative by both 
OIE recommended serological tests, the CFT, and c-ELISA. Animals were bled at an interval of 
14 days.  

Screening of serum samples from on-station trials using indirect ELISA 

This protocol was adapted from Nkando et al., (2016). The indirect ELISAs (iELISAs) were done 
in duplicate and repeated on three different occasions. The negative and positive control sera were 
placed in duplicates in the first and last row of plates coated with 1 µg/ml of each antigen. No 
serum sample was placed in the second row and an OD of this row was subtracted from the OD 
containing sera. The ELISA-plates were coated with 1 µg/ml antigen in coating buffer (100 
µl/well) of Carbonate: bicarbonate buffer and kept at 40 C overnight. The following day, plates 
were washed 5x in phosphate-buffered saline-tween (PBS-T). 200 µl blocking buffer (1x PBS-T 
and 0.5% Horse serum from Gibco Life TechnologiesTM, New Zealand) was added and then test 
serum on dilution plates to each well. For anti-IgG, the initial concentration was obtained at 1/100 
then diluted 4-fold, plates incubated with gentle shaking at 370 C for 1 hour, and washed 5 times  
with PBS-T (appendix 2). 100 µl of secondary antibody conjugated to alkaline phosphatase 
(KPL151-12-06, USA) at a dilution of 1/5000 in blocking buffer was added in each well and kept 
for 1 hr with gentle shaking at 370 C. The plates were again washed 5x in PBS-T and 100µl/well 
of para-Nitrophenylphosphate (pNPP) substrate from Sigma Aldrich, USA (appendix 2) added. 
The plates were placed in the dark for 45 min and read at a wavelength of 405 nm in BioTek 
Synergy HT, USA plate reader.  

Determination of cut-off point, diagnostic sensitivity, and specificity of Mmm antigens 
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To analyze iELISA data based on Mmm antigens, the change-point method was determined as the 
cut-off point formula of a mean + 3 standard deviation of negative controls (Lardeux et al., 2016). 
Sensitivity (Se), specificity (Sp), positive predictive value (PPV), and negative predictive value 
(NPV) were calculated as follows; Se: {TP/(TP + FN)} ×100%, where TP = true positive, FN = 
false negative; Sp: {TN/(TN + FP)}×100%, where TN = true negative, FP = false positive; PPV: 
{TP/(TP + FP)} × 100%; NPV: {TN/(TN + FN)} × 100% (Amanfu et al., 2000; Heller at al., 2016). 
In this study, the number of animals per group was based on previous immunization trials (Nkando 
et al., 2016; Prysliak et al., 2016; Mwirigi et al., 2016).  

Data Analysis 

Data for iELISA with different antigens were entered into MS Excel (Microsoft® Excel, 
Washington, 2016) and transferred into SPSS version 22, analyzed by two-way Analysis of 
Variance (ANOVA) and least significance difference used to separate the means. Data were 
imported into R software, version 3.6.0 (R Core Team, 2019) for analysis and drawing of the box 
and scatter plots. Cohen’s Kappa measurement assessed the level of agreement between the Mmm 
antigens.  

Results 

Sera from naïve and CBPP-infected cattle were tested against the antigens. None of the animals 
seroconverted before infection with Mmm (Table 1). When antigens were used to detect antibodies 
in sera from CBPP-infected, MSC_0636 and LppB detected more animals as CBPP positive than 
MSC_0397 and MSC_0653. The iELISA results showed that MSC_0636 detected 7/8, 7/8, and 
8/8 animals in acute, subacute, and chronic stages of the disease, respectively, while LppB detected 
6/8, 6/8, and 8/8 animals. However, MSC_0397 detected 4/8, 3/8, and 6/8 animals in acute, 
subacute, and the chronic stages of the disease, respectively, while MSC_0653 detected 4/8, 4/8, 
and 8/8 animals. The cut-off point for the infected cattle was obtained at a titer of 1: 400, an OD 
of ≤0.2 at a wavelength of 405 nm. Thus, these two antigens (MSC_636 and LppB) appear suitable 
for detecting antibodies in sera from acute and chronic clinical stages of CBPP as they yielded 
specificities of 100% and sensitivities of between 83.3%-91.7% (Table 2).  
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Table 1: ELISA results based on MSC_0397, MSC_0636, MSC_0653 and LppB Mmm antigens 
showing true negative or positive serum samples 

Test (Antigen) Naïve cattle Infected cattle 
Acute Sub-acute Chronic 

MSC_0397 8/8 4/8  3/8  6/8  
MSC_0636 8/8  7/8  7/8  8/8  
MSC_0653 8/8  4/8 4/8  8/8  

LppB 8/8  6/8  6/8  8/8  
 

Table 2: Sensitivities, specificities and predictive values of iELISA based on MSC_0397, MSC_0636, 
MSC_0653 and LppB Mmm antigens 

Test (Antigen) Sensitivity (se) Specificity (sp) PPV (%) NPV (%) 
MSC_0397 54.2% 100% 100 42 
MSC_0636 91.7% 100% 100 80 
MSC_0653 50% 100% 100 57 

LppB 83.3% 100% 100 66.7 
 

Figure 1 shows sizes of different plasmid DNA on agarose gel; control (uncut plasmid DNA), and 
those linearized with restriction enzymes (BamHI/Hind III). Identities of specific proteins are 
shown on a western blot using anti-HIS antibody (Figure 2). The proteins were then expressed and 
purified (Figure 3).  
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Figure 1: Agarose gel showing sizes of Mmm recombinant plasmid DNAs: Restriction digestion was 
done using BamHI/ Hind III. 5 µl of BamHI (single digest) was removed before adding Hind III for 
the double digest. 1% of agarose gel was used to run the samples. L = 1 kb plus DNA Ladder (Thermo 
Scientific); C= uncut pDNA control; 1= MSC_0397 cut by BamHI, 2= MSC_0397 cut by both 
BamHI/HindIII (642 bp); 3= MSC_0636 cut by BamHI, 4= MSC_0636 cut by both BamHI/HindIII 
(600 bp); 5= MSC-0653 cut by BamHI, 6= MSC_0653 cut by both BamHI/HindIII (1086 bp). 

 

Figure 2: Western blot identifying sizes of specific Mmm proteins. An anti-HIS antibody was used to 
detect the proteins: L= Protein ladder (Thermo Scientific), 1=MSC_0397 (45 kDa),  
2= MSC_0636 (43 kDa), 3= MSC_0653 (72 kDa), 4=LppB (27 kDa). 
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Figure 3: SDS-PAGE (10%) of four expressed and purified Mmm recombinant proteins. Lanes: L = 
Protein ladder (Thermo Scientific); 1= MSC-0397-expressed, 2= MSC_0397-purified (45 kDa); 3= 
MSC_0636-expressed, 4= MSC_0636-purified (43 kDa); 5= MSC_0653-expressed, 6= MSC_0653-
purified (72 kDa); 7=LppB-expressed, 8=LppB-purified (27 kDa). 

Determination of the best Mmm antigens detecting all CBPP clinical stages  

In figure 4, there were no significance differences (P > 0.05) in the performance of antigens on 
sera from naïve animals. MSC_0636 showed a significance difference (P ˂ 0.05) in detecting 
CBPP-infected cattle, as did LppB (figure 5). 
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Figure 4: Box and scatter plots showing ODs of Mmm antigens screened against sera from naïve 
cattle. None of the antigens showed activity with sera from naïve, pre-vaccinated animals at an OD 
cut-off of 0.2. 
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Figure 5: Box and scatter plots showing ODs of Mmm antigens screened against sera from CBPP-
infected cattle. MSC_0636 significantly detected antibodies in sera from infected cattle as did LppB. 
As expected, the highest seroconversion of animals was observed in the chronic disease stage (blue 
boxes) at an OD cut-off 0.2. 

Discussion 

The OIE-prescribed tests for serological diagnosis of CBPP are cELISA (Le Goff and Thiaucourt, 
1998) and CFT (Etheridge and Buttery, 1976). Nevertheless, these assays require well-trained 
staff, are mechanized, less sensitive particularly during chronic stages of the disease and none of 
them can detect all clinical stages of CBPP (Muuka et al., 2011; Schubert et al., 2011). Numerous 
research works have used genomic approaches to identify immunogenic Mmm antigens to develop 
vaccines and diagnostics for CBPP (Hamsten et al., 2009; Perez-Casal et al., 2015). The genes 
were tagged into plasmid vectors, expressed, and antigens purified. The purified antigens were 
used for setting indirect ELISA (iELISA) essays to screen sera from on-station trials from naïve 
and animals experimentally inoculated with Mmm. To enhance the accuracy of iELISA, sera were 
selected at different CBPP clinical stages; 3 weeks for acute, 7 weeks for subacute, and between 8 
to 20 weeks for chronic disease stages. Four antigens (MSC_0397 MSC_0636, MSC_0653, and 
LppB) were selected for iELISA based on literature assessments and earlier laboratory conclusions 
that predicted or reported their higher sensitivity and specificity to detect cattle infected with Mmm 
(Miltiadou et al., 2009; Naseem et al., 2010; Heller et al., 2016). 
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Previously, Naseem et al., (2010) obtained both 100% sensitivity and 100% specificity in an 
ELISA based on hypothetical antigen, MSC_0636, and MSC_0108. The findings by Naseem et 
al., (2010) are comparable to those obtained in this study, sensitivities of MSC_0636 and LppB 
being 91.7% and 83.3% with both antigens showing specificities of 100%. The results of 
MSC_0636 by Naseem et al., (2010) and those obtained in this study seem to reach the same level 
with recent results by Heller et al., 2016; they identified MSC_0136, MSC_0397, and MSC_0636, 
as the best performing proteins in a cocktail iELISA. However, the performance of MSC_0136 
was not tested in this study because it was a vaccine candidate in a parallel vaccine efficacy study. 
Heller at al., (2016) obtained sensitivity and specificity of 85.6% and 96.4% respectively in a 
cocktail ELISA using MSC_0136 and MSC_0636, which was found to be in the same range with 
those obtained in this study. Although Naseem et al., (2010) reported sensitivity and specificity of 
100% using MSC_0108, the performance of this antigen was lower than MSC_0397 in a study by 
Heller et al., (2016) using a large number of sera. Therefore, MSC_0108 was not included in this 
study.  

The percentages of sensitivity and specificity of an ELISA depend on the sera from infected cattle, 
if they have high antibody titers or low. Cattle sera used in this study was not the same with 
previous authors and therefore, before the validation of simple diagnostic tests, more cattle sera 
from a lot more time points after infection should be tested. The sensitivities and specificities 
obtained in this study are comparable to those of other assays such as CFT and cELISA prescribed 
by OIE for serological diagnosis of CBPP also LppQ (Bruderer et al., 2002; Sidibe et al., 2012). 
The outcome of the best two antigens determined in this study provides proof of the concept of 
developing a simple pen-side test to detect CBPP infected cattle. It was also noted that all antigens 
used for assays in this study detected all positive sera collected at chronic stages of the disease, 
findings that correlate with earlier studies using LppB (Lutta et al., 2018). Early diagnosis and 
treatment of CBPP including the ability to detect chronic stages of the disease are important since 
it could accelerate CBPP control and/or eradication programs by testing, isolating, and/or treating 
infected cattle. Treatment prevents transmission of disease from carriers to naïve animals. 
Macrolides such as danofloxacin and more recently tulathromycin have been reported to reduce 
the spread of CBPP to healthy in-contact cattle that are treated at an appropriate time (Huebschle 
et al., 2006; Muuka et al., 2018). 

Miltiadou et al., (2009) characterized LppB and predicted that it could be a possible antigen for 
setting up a serological test. Our study confirms the prediction by Miltiadou et al., (2009), based 
on a few well-characterized serum samples selected at different disease stages. The sensitivities 
and specificities of LppB were higher than MSC_0397, reported earlier by Heller et al., (2016). 
Although Lutta et al., (2018) showed that LppB detects chronically infected cattle, limited data 
was available to show that LppB could as well detect acute stages of CBPP. The results of this 
experiment show that MSC_0636 and LppB detect both acute and chronic stages of CBPP. Though 
iELISA in our trial was given a relatively high cut-off (OD405 at ≤0.2; titer of 1: 400) to make the 
most of specificity, the sensitivity was not affected as earlier reported (Dedieu et al., 1996). It was 
also noted that all antigens showed seroconversion on sera collected on day 142 (Table 4.1). Since 
Heller et al., (2016) indicated that MSC_0636 provoke strong antibody responses in immunized 
cattle, future studies should focus on investigating the humoral responses using the two selected 
antigens (MSC_0636 & LppB) on sera from cattle, especially those vaccinated with the recently 
developed subunit vaccines (Nkando et al., 2016). The outcome will guide whether MSC_0636 
and LppB could be used to develop a test that differentiates infected from vaccinated animals. At 
this point, it was not necessary to examine the cross-reactivity of our assay to antibodies from other 
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mycoplasmas, since such cross-reactivity have never been pronounced in Africa and cannot disturb 
the diagnosis of an iELISA based on recombinant proteins (Gonçalves et al.,2008; Heller et al., 
2016). However, future studies should explore the possibility of cross-reactivity and if the proteins 
can distinguish cattle vaccinated with live attenuated vaccines before the development and 
validation of such assays.  

Conclusion and recommendation 
Lipoprotein B and hypothetical antigen MSC_0636 were used as antigens to detect all clinical 
stages of cattle infected with contagious bovine pleuropneumonia. Future studies should explore 
the possibility of embedding these two antigens in lateral flow strip or latex agglutination test to 
detect naturally infected cattle in the field. Development of lateral flow devices will solve the 
limitation of current serological tests since the lateral test will offer results within 10 minutes, is 
easy to store, and transport and does not require highly trained staff and automation to perform. 
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Abstract  

Prevalence of bovine mastitis in Kisumu County, risk factors and antibiotic sensitivities of the 
causative bacteria were determined in this cross-sectional study. Sub-clinical mastitis (SCM) was 
diagnosed using California Mastitis Test (CMT). Risk factors were identified through the 
administration of 64 questionnaires and assessment of 134 lactating cows. Bacteria were identified 
by culturing 72 CMT-positive udder quarter milk samples and their sensitivities to antibiotics 
investigated using Kirb-Bauer disc diffusion test. The SCM   detected had cow level prevalence of 
33% (44/134). Prevalence of SCM was significantly (p<0.005) higher in cows under complete and 
semi-zero grazing systems, at mid lactation, those pregnant and with parity of 1-3.  Staphylococcus 
species was the most common (33.3%) isolate followed by Escherichia. coli (8.4%), Streptococcus 
species (8.3%) and Pseudomonas (4.2%) and other coliforms (4.2%). Staphylococcus and 
Streptococcus isolates were 100% sensitive to streptomycin, kanamycin, Gentamycin and 
chloramphenicol and these are recommended to be the drugs of choice for mastitis therapy in the 
study area. Additionally, Streptococcus species were 100% sensitive to ampicillin, tetracycline and 
cotrimoxazole. Staphylococcus species had developed varying levels of resistance against 
sulphamethoxazole, cotrimoxazole, ampicillin and tetracycline. Streptococcus species was 100% 
resistant to sulphamethoxazole. This study reported presence of SCM in the study area thus an 
appropriate control strategy is needed that consists of good milking hygiene practices, regular 
screening for SCM and milking infected cow(s) and/or udder quarter(s) last.      

Keywords: California Mastitis Test, dairy cattle, risk factors, sub-clinical mastitis, antibiotic 
sensitivity  

Introduction 

Mastitis, refers to inflammation of mammary glands and is the most economically important 
disease in dairy milk production globally (Viguier et al., 2009), yet current data on the disease in 
Kenya is not readily available. Losses associated with mastitis are reduced milk production and 
lowered milk quality, veterinary costs, milk rejection at collection points and shortening of cows’ 
productive life (Mungube et al., 2005). Mastitis is mainly caused by infectious pathogens which 
include bacteria, viruses, mycoplasma, yeasts and algae with bacteria causing majority of mastitis 
infections although only a few species are incriminated namely Staphylococcus spp, Streptococcus 
spp, Escherichia coli and Corynebacterium bovis (Ndirangu et al., 2017). The disease has been 
reported among dairy cattle in different parts of Kenya (Ondieki et al., 2013; Ndirangu et al., 
2017). However, its prevalence varies from one geographical area to another depending on climatic 
conditions, prevailing risk factors and management practices.  
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Kisumu County is an emerging dairy zone compared to high dairy concentration zones of central 
Kenya and the Rift-Valley. The County has varying dairy cattle production systems consisting of 
fully intensive, semi-intensive and extensive systems. It is important to identify mastitis risk 
factors since they vary with climatic conditions and production systems.  It is also important to 
identify bacterial causes of mastitis in the County and the drugs of choice since this is a pre-
requisite in developing an effective mastitis control program for an area. This study was meant to 
provide an insight into the status of mastitis problem in cattle herds, a current profile of the 
prevailing mastitis causing organisms and the most effective antimicrobial agents for therapy in 
the study area. 

Materials and Methods 

Study area and sampling 

The study was undertaken in Kisumu County. Out of the six sub-counties four (Kisumu 
Central/East, Kisumu west, Nyando and Nyakach) were purposively selected depending on 
proximity to Kisumu city, urbanization level, cattle population and management system to 
represent varying dairy production systems. The number of farms included in the study was 
calculated using the formula n=pq/(e/Zα)2 based on binomial distribution (Goodchild et al., 1994); 
where n is sample size, p is assumed prevalence, q is 1-p, e is allowed error and Zα is the normal 
deviate (1.96). For purposes of this study, p was assumed to be 0.13 (Omore et al., 1996) and error 
rate (e) of 10% (90% confidence interval). The number of dairy farms was estimated to be 34 
although this was increased to 64 to take care of any clustering effect. 

Study design  

Study was cross-sectional. Number of cows was calculated using formula by Martin et al. (1987); 
n = Zα2pq/L2; Where n is required sample size, Z = is the normal deviate (1.96) at 5% level of 
significance, p is estimated prevalence, q = 1-p, and L is precision. With p set at 0.13 i.e. 13% 
prevalence of mastitis (Omore et al., 1996) and L at 5%, calculation sample size was 134. 

Questionnaire survey and diagnosis of mastitis 

Risk factors of mastitis were identified through administration of 64 questionnaires. Clinical 
mastitis was detected through physical examination of the udder and visual observation of milk 
for change in color and consistency. Screening for SCM was performed using CMT.   

Bacterial growth and antibiotic sensitivity testing  

CMT-positive quarter milk samples (72) were collected aseptically (NMC, 2004) for establishing 
causes of mastitis. Then 11 Staphylococcus and 4 Streptococcus isolates were tested against eight 
antibiotics using the Kirb-Bauer disc diffusion method as described by Quinn et al. (1999).  

Data entry and analysis 

Data were entered into MS-excel 2007 worksheets where descriptive statistics were generated. The 
association between mastitis prevalence and risk factors was determined using Pearson Chi-square 
tests with statistical significance set at p<0.05 (95% CI).  

Results 

Socio-cultural characteristics of farmers and mastitis management practices varied (Table 1).  
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Table 1: Demographic characteristics of farmers and mastitis management practices in 
smallholder dairy farms of Kisumu County 
Variable, n=64 Type/response % (95% CI) 
Gender Males 58 (45.5-69.4) 
 Females  42(30.6-54.5) 
Education level  No formal education  11 (4.9-20.4) 
 Primary  23 (14.3-35) 
 Secondary  30 (19.5-41.7) 
 College  6 (2-14.4) 
 University  30 (19.5-41.7) 
Milking method  Hand  98.5 (87-99.5) 
 Machine  1.5 (0.7-2.3) 
Wiping of cows with towel Yes  75 (63.3-84.4) 
 No  25 (15.6-36.7) 

Separate towel per cow Yes  30 (19.5-41.7) 
 No  70 (58.3-80.5) 
Use of milking jelly  Yes  84.4 (73.9-91.8) 
 No  15.6 (8.2-26.1) 

Milking jelly used Medicated  45 (33.5-57.6) 
 Non-medicated  52 (39.4-63.6) 
 Both types  3 (0.5-9.9) 
Post-milking teat dipping  Yes  16 (8.2-26.1) 
 No  84 (73.9-91.8) 

Order of milking mastitic cow(s)  Last  30 (19.5-41.7) 
 No order  12.5 (6-23.2) 
 First  1.6 (0.1-7.5) 
 No response 56.3 (44-68) 

Discarding of mastitic milk Give to dogs and calves 21.9 (13-33.2) 
 Onto ground 20.3 (11.8-31.5) 
 Humans consume 1.6 (0.1-7.5) 
 No response 56.3 (44-68) 

 
The level of cow level prevalence for SCM of 33% (44/134) was low for the number of cows 
examined. The prevalence was highest for exotic cattle (Ayrshire and Friesian), cows at mid stage 
of lactation, low parity and those pregnant (Table 2).  The effect of management related risk factors 
namely, grazing system and milking hygiene, on prevalence of SCM varied (Table 2). 
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Table 2: Cow level and management risk factors of SCM among cows in Kisumu County 
Risk factor, n=134  Variable  % (95% CI) p-value  
Breed  Ayrshire  12.7 (7.8-19.2)  
 Friesian  11.9 (7.2-18.3) 0.068 
 Crossbreeds  6.7 (3.3-12)  
 Local zebu  1.5 (0.3-4.8)  
Stage of lactation  Early (0-3 months) 2.2 (0.6-6)  
 Mid (>3-9 months) 17.2 (11.5-24.3) 0.008 
 Late (>9 months) 13.4 (8.4-20)  

Parity Few (1-3 times) 26.1 (19.2-34.1)  
 Moderate (4-6 times) 4.5 (1.8-9.1) 0.031 
 Many (>6 times) 2.2 (0.6-6)  
Pregnancy status  Pregnant  21 (14.6-28.4) 0.0000 
 Non-pregnant  12 (7.2-18.3)  

Grazing system Complete zero  15 (9.6-21.7)  
 Semi-zero  15.6 (10.2-22.6) 0.031 
 Free  2.2 (0.6-6)  
Milking hygiene status  Good 7.5 (3.9-13)  
 Fair  12 (7.2-18.3) 0.459 
 Poor  13.4 (8.4-20)  

 
Out of 72-CMT positive udder quarter milk samples cultured, 54.1% (39/72) had growth. 
Staphylococcus spp. was most common 33.3%, followed by E. coli 8.4%, Streptococcus spp. 8.3%, 
then Pseudomonas and other coliforms at 4.2% each.  

Antimicrobial sensitivity profiles of 11 Staphylococcus spp. and four Streptococcus spp. isolates 
varied as shown in Table 3, where Streptococcus spp. were fully sensitive to all antimicrobials 
except sulphamethoxazole which had 100% resistance. Staphylococcus isolates were 100% 
sensitive to streptomycin, kanamycim, gentamycin and chloramphenicol.  
 

Table 3: Antimicrobial sensitivities of Staphylococcus and Streptococcus isolates from mastitic cattle milk samples 
in Kisumu County 

                                    Staphylococcus species, n=11 
Antimicrobial drug  Resistant (0-

8mm) 
Slightly sensitive (9-
15mm) 

Sensitive (16-
22mm) 

Very sensitive 
(>22mm) 

Overall sensitive 

Ampicillin  2 (18%) 2 (18%) 2 (18%) 5 (46%) 9 (82%) 
Tetracycline  1 (9%) 6 (55%) 2 (18%) 2 (18%) 10 (91%) 
Cotrimoxazole  7 (64%) 0 4 (36%) 0 4 (36%) 
Streptomycin  0 1 (9%) 6 (55%) 4 (36%) 11 (100%) 
Kanamycin  0 3 (27%) 6 (55%) 2 (18%) 11 (100%) 
Gentamycin  0 0 2 (18%) 9 (82%) 11 (100%) 
Sulphamethoxazole  9 (82%) 2 (18%) 0 0 2 (18%) 
Chloramphenicol  0 0 8 (73%) 3 (27%) 11 (100%) 
                                   Streptococcus species, n=4 
Ampicillin  0 2 (50%) 1 (25%) 1 (25%) 4(100%) 
Tetracycline  0 0 3 (75%) 1 (25%) 4 (100%) 
Cotrimoxazole  0 1 (25%) 2 (50%) 1 (25%) 4 (100%) 
Streptomycin  0 1 (25%)  2 (50%) 1 (25%) 4 (100%) 
Kanamycin  0 1 (25%) 3 (75%) 0 4 (100%) 
Gentamycin  0 0 0 4 (100%) 4 (100%) 
Sulphamethoxazole  4 (100%) 0 0 0 0 
Chloramphenicol  0 0 4 (100%) 0 4 (100%) 
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Discussion 

Findings of this study have confirmed presense bovine mastitis among lactating cows reared in 
smallholder dairy farms of Kisumu County.  Although the disease has two forms, in the study area 
only sub-clinical mastitis was observed in dtudy farms. This is consistent with the findings of a 
previous study in a dairy herd at a research farm in Naivasha where cows only exhibited SCM 
(Ndirangu et al. 2017).  The Naivasha herd had a mastitis cow level prevalence of 36% which is 
close to the 33% prevalence reported in the current study. This finding can be attributed to the fact 
that SCM in most instances is occult and a lot of efforts are directed to treating clinical case(s). 
This means that cows suffering from clinical mastitis are treated promptly and such cases are rarely 
diagnosed in cross-sectional studies. However, some authors (Ondieki et al. 2013; Ndirangu et al. 
2019) have reported presence of both clinical and sub-clinical mastitis. Form of mastitis is 
determined by degree of inflammation which depends on many factors such as causative pathogen, 
breed, age, the health of animal and lactation cycle (Radostits et al., 2000).  

The 33% SCM prevalence reported in the current study is lower than 64% prevalence of SCM for 
cows in Thika (Mureithi and Njuguna, 2016) and 56% in Kajiado (Ndirangu et al., 2019). The low 
prevalence can be attributed to the better management and application of mastitis control practices 
like wiping cow udders with towel, use of milking jelly and milking mastitis infected cows last, 
observed among the farms visited in the current study. This has probably to do with the farmers 
levels of education where majority (over 60%) had at least secondary school education with 30% 
being university graduates. According to Senyolo, (2007), education has been cited as a 
fundamental factor in farming that enables farmers to easily communicate and understand farming 
practices. Indeed, a significant number of farmers interviewed were applying a number of good 
mastitis management practices such as washing of hands and udder before milking (100%), wiping 
teats with towel (48%) with 30% having a towel for each cow, as well as use of medicated milking 
jelly and teat dips. Most of the previous reports (Mureithi and Njuguna, 2016; Ndirangu et al., 
2017) have indicated very low on-farm application of such practices.     

Some cow-level risk factors of mastitis were investigated in this survey where prevalence was 
higher in exotic dairy breeds (Ayrshire and Friesian) than in local Zebu and crossbreeds which is 
consistent to report by Mureithi and Njuguna (2016). High yielding cows are more prone to 
mastitis for several reasons such as not completely emptying the udder, especially where hand 
milking is used which was the case for most (98.5%) of the farms visited in the current study. 
Radostits et al. (2000) reported that higher-yielding cows are more susceptible to mastitis due to 
position of teat and udder, and anatomy of teat canal making them prone to injury.  

The prevalence of SCM was found to be highest among cows at mid stage of lactation (>3 to 9 
months after parturition) and this concurs with Mureithi and Njuguna (2016) and Ndirangu et al. 
(2017). This is probably associated with more milk production since in most cases cows attain 
peak milk production at this stage. Cows with high milk production have been shown to be more 
prone to SCM as a sequel of increased susceptibility of the mammary tissue to infection (Radostits 
et al., 2007). Another plausible explanation for this finding is that most cows at mid-lactation are 
usually pregnant. Pregnant cows tend to get stressed and may spend a lot of time laying down 
hence predisposing themselves to mastitis, especially in an environment of poor hygiene.  This 
could actually have been the situation in this study since it was also observed in this study that 
SCM was significantly higher among pregnant cows than in non-pregnant ones.  



 

 
134 

 

Livestock Transformation Agenda: Towards Climate Smart Livestock Production Systems  
 

Study results also showed that the form of grazing system had some influence on the prevalence 
of SCM in cattle where the highest proportion of cows with SCM were being reared under 
complete zero and semi-zero grazing systems, with only a very low proportion being kept under 
free grazing. This concurs with report by Mureithi and Njuguna, (2016). A possible explanation 
for this is the increased contamination of cattle houses with animal discharges such as urine, leaked 
milk and dung. Frequent cleaning and drying of animal houses and open enclosures is of paramount 
importance in order to reduce intra-mammary infections.  

Bacterial culture of CMT-positive milk samples had a high bacterial growth rate of 80.6% of the 
samples. Similar results were reported (Ondieki et al., 2013; Ndirangu et al., 2017) and this is an 
indication that CMT is a good test for diagnosing SCM.  

Staphylococcus spp. was the main bacterial cause of bovine mastitis in Kisumu County. This is 
consistent with   reports by Ondieki et al. (2013) and Ndirangu et al. (2017) in Naivasha. This high 
isolation rate of Staphylococcus spp. may be as a result of hand milking within most (98.5%) of 
the farms and the generally poor to fair milking hygiene standards witnessed in majority of the 
farms. This bacterium is transmitted between cows and udder quarters directly from infected ones 
during the milking process through the milkers’ hands and wiping towels. This is supported by the 
finding that only 30% of farmers interviewed had a different towel for each lactating cows. The 
spread of Staphylococcus in the present scenario may further have been enhanced by the finding 
that none of the farmers was using on-farm sub-clinical mastitis test, thus they were not in a 
position to identify infected animal(s). Moreover, even if this was possible only 30% of the farmers 
were aware that infected cows should be milked last as a way of controlling mastitis. As such cows 
with SCM were not necessarily milked last as recommended, therefore assisting in spread of the 
bacterium as well as mastitis within the herd unknowingly and faster. Other bacteria identified 
were E.coli, followed by Streptococcus, Pseudomonas and other coliforms, which have also been 
reported previously as important mastitis causing bacteria in Kenya (Ondieki et al., 2013; 
Ndirangu et al., 2017).  

Staphylococcus and Streptococcus isolates tested for antibiotic current sensitivity were both fully 
(100%) sensitive to streptomycin, kanamycim, Gentamycin and chloramphenicol hence these are 
the drugs of choice for treatment of mastitis caused by either of the bacterium. Ndirangu et al. 
(2017) and Ondieki et al. (2013) reported similar findings.  Additionally, results of this study 
showed that Streptococcus had 100% sensitivity to ampicillin, tetracycline and cotrimoxazole thus 
these drugs are effective in therapy of mastitis cases confirmed to be caused by Streptococcus and 
can be applied without prior in-vitro antibiotic susceptibility testing. These results show that most 
of the antibiotics available for mastitis therapy were effective in Kisumu County. This is 
particularly so considering that this County is an up-coming dairy production zone compared to 
the other high potential dairy production regions like parts of Rift-Valley and Central Kenya. 
However, the Staphylococcus had developed varying levels of resistance against 
sulphamethoxazole, followed by cotrimoxazole, ampicillin and tetracycline, while Streptococcus 
showed 100% resistance against sulphamethoxazole. These variations in antimicrobial sensitivities 
among the two bacterial species may partly be explained by the fact that majority of mastitis cases 
in the area are of staphylococcal origin, as depicted by results of this survey. This means that most 
of the antibiotics are directed to this bacterium as compared to Streptococcus, hence the reason for 
higher resistance in Staphylococcus as a result of extensive use or even misuse.  In addition, some 
of the drugs like tetracycline and ampicillin to which there is resistance have been available and 
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extensively used in Kenya for many years as opposed to some effective drugs like gentamycin and 
kanamycin. 

 
Conclusions and recommendations  

1. Sub-clinical bovine mastitis was prevalent in Kisumu County. There is need for application 
of an appropriate control strategy consisting of awareness creation, good milking hygiene, 
screening for SCM, milking infected cow(s) last, and teat dipping.  

2. Bovine mastitis was more prevalent in exotic breeds, at mid lactation and pregnant.  
3. Staphylococcus species was the main bacterial cause of bovine mastitis in Kisumu County. 
4. Streptomycin, kanamycim, Gentamycin and chloramphenicol are the drugs of choice for 

treatment of mastitis. However, antibiotic susceptibility testing for drugs that were not 
having 100% sensitivity is recommended prior to treatment.  
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