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ABSTRACT  

Artificial Insemination (AI) is the single most important technique that employs genetic   

improvement of cattle for producing quality livestock breeds. Bulls farmed for AI in Kenya are 

vaccinated against the Foot and Mouth Disease (FMD). It is however, not clear if all FMD 

vaccinated bulls develop immunity against the vaccines. There have been no studies to establish if 

vaccinated bulls produce semen in parameters within the normal range (as assumed that vaccinated 

bulls have good semen). In addition, although the FMD in Kenya is known to occur in certain 

endemic regions while other regions remain nonendemic, there have been no studies carried out to 

establish if animals in endemic areas develop natural immunity or if animals in the disease- free 

regions could be seropositive.  The present study was aimed at determining the impact of foot and 

mouth circulating and vaccine-induced antibodies and evaluation of coconut water as a potential 

extender of bull semen for artificial insemination. The cross-sectional study used bulls specifically 

farmed for production of semen for AI and therefore, vaccinated against FMD. For a pilot study to 

establish natural protection against FMD, bulls in both endemic and none endemic regions were 

used. Antibodies were quantified using virus neutralization test. Semen samples were obtained 

from FMD vaccinated bulls and analyzed for parameters. Coconut water was evaluated alongside 

a commercial semen extender to establish its potential for use in semen processing.  Data were 

analyzed using the GraphPad InStat software utilizing one way analysis of variance (ANOVA) and 

Kruskal-Wallis test with Tukey and Dunn post-tests respectively. In addition, t-test was used to 

analyze for intergroup differences while Spearman test was used for correlation analysis. A P value 

< 0.05 was considered statistically significant. Results indicated that in FMD non-endemic region, 

23%, 10.3%, 2.6% and 7.7% of the animals had protective levels of antibodies against the FMD 

virus strains O, A, SAT 1, and SAT 2 respectively with a significantly higher protection conferred 

by induced by the O strain virus as compared to SAT 1 (P = 0.0124). In the FMD endemic area, 

all sampled animals showed protection levels at 100%, 100%, 100% and 29% for virus strains O, 

A, SAT 1, and SAT 2 respectively with the antibody titres showing significant differences (P <  

0.05) for all the intergroup analysis except between strains O vs SAT 1 and A vs SAT 1 (P > 0.05). 

Analysis of semen parameters in FMD vaccinated bulls showed at least two animals from each of 

the bulls that developed immunity and those that failed to develop immunity to have light creamy 

or watery semen instead of the normal cream-colored semen. In addition, while most of the semen 

parameters were within normal values, bulls that failed to develop immunity following vaccination 

were associated with significantly higher sperm recovery post thawing as compared to animals that 

seroconverted (P < 0.0001). Comparable sperm recovery rate was obtained from semen processed 

with coconut water and commercial extender post thawing (P > 0.05). In conclusion, the present 

findings point to a possible emergence of FMD in disease non-endemic region while most animals 

in disease prevalent regions have protective levels of virus specific antibodies. In addition, there 

appears to be some negating effect of FMDV specific antibodies on recovery of sperms post 

thawing. Furthermore, coconut water appears to perform similarly to commercial semen extender 

and shows potential as a medium for semen processing. The study recommends surveillance of 

FMD in disease non-endemic regions and the confirmation of the present findings using large 

sample sizes in order to make more informed conclusive decisions 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background information  

 

The Foot and mouth disease (FMD) affects animals, particularly the ruminants, and is an 

acute and highly contagious disease that is caused by the foot and mouth disease virus 

(FMDV). It infects both domestic and wild ruminants (Arzt et al., 2011). It negatively 

impacts on livestock production leading to huge losses through death and disruption in trade 

of affected animals and their products. A feasible strategy for the prevention of the disease 

is the use of FMD vaccines in farm animals (OIE, 2018) to keep our animals in health for 

productivity. However, while the use of the FMD vaccine to prevent the viral disease is seen 

as a strategy to increase productivity in livestock, the effects of vaccination especially in 

bulls reared as breeds for production of semen for use in AI, has not been evaluated, yet the 

vaccine- immune-system induced products might have negative impact on the quality of 

semen in these animals. As a result, scientific studies aimed at research and product 

development with a goal of increasing livestock productivity are paramount and are urgently 

needed especially in the face of increasing cost of products including the commercial semen 

extenders (volume extenders). In addition, studies aimed at evaluating the effects of 

vaccination on reproductive capacity of farm animals and may help shed light on any 

negative consequences associated with the specific vaccines.    

There are seven documented serotypes of FMDV including O, A, C, SAT1, SAT2, SAT3 

and Asia-1 (WOAH, 2023). Infection with any one virus serotype does not induce protection 

against another strain (KEVEVAPI, 2021). This becomes a challenge to vaccine production 
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underscoring the need for development of a cocktail of a vaccine against several viral strains.  

In Kenya, the possible circulating viruses associated with FMD are strains O, A, Sat 1, and 

Sat 2. FOTIVAX TM is an inactivated FMD vaccine developed for use in cattle, sheep, pigs, 

and goats for the prevention and control of FMD associated with infections by the virus 

serotypes A, O, SAT 1 and SAT2.  Vaccination against FMD in cattle in Kenya is restricted 

to only the endemic areas such as the Central, South West and Western regions. The Eastern 

part of the Country including south Eastern regions are not considered endemic for the 

disease. However, there has not been any documented reports on the natural protection status 

in animals farmed in the disease endemic or the disease-free regions of Kenya to establish 

the current status of infection based on seroprevalence. Thus, a pilot study can inform 

decisions on future vaccination programmes - if animals in disease endemic regions are 

naturally protected against FMD, then it would be cheaper not to vaccinate them during 

disease outbreaks. The objective of the current study was to evaluate the coconut water as a 

cheap locally available alternative medium of use in place of the more expensive commercial 

extenders in semen processing for artificial insemination. In addition, the study aimed at 

establishing the impact of the FMD vaccination on the quality of semen in bulls bred for 

production of semen used in commercial artificial insemination. Furthermore, the study also 

sought to assess the natural protection status of cattle farmed in a disease endemic and non-

endemic region in Kenya.  

Artificial   insemination (AI) is one of the effective tools available to dairy cattle producers 

to improve herds productivity and profitability ( Borges et al., 2016).  Semen in the early 

days of artificial insemination was delivered every day to the technicians by a bull stud, as 

semen was not frozen at this time until semen commercial extenders (skimmed milk) and 
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glycerol came into use for     semen   freezing we cannot freeze semen without using semen 

volume extenders.  Semen   freezing   process   was   discovered   by a man known as Polge 

(1949). These commercial extenders are imported (component of semen processing) and are 

very expensive impacting on the cost of production of livestock that are bred through AI. 

Although there has been improved productivity in cattle produced through AI, the cost of 

production has also increased proportionately. With more research and product discovery, 

an alternative medium for use as semen extender whose availability is cheap and can 

significantly lower the cost of livestock production can be easily developed. 

1.2 Statement of the problem  

Foot and mouth disease (FMD) is great threat to dairy industry and bulls kept for semen 

production should be vaccinated with FMD   vaccine (OIE, 2017a) especially the imported 

animals. These vaccines may be mistakenly assumed to improve quality of bull semen and 

may instead negatively affect the quality of good semen meant for artificial insemination 

(AI). In addition, processing of semen for AI requires the use of commercial imported 

extenders. However, these commercial extenders are expensive, and not readily available. 

Locally available coconut water that may be developed cheaply for use as an alternative to 

the expensive commercial semen extenders has not been evaluated for its potential 

application. While vaccination of cattle in Kenya against the FMD is mainly concentrated in 

disease endemic regions leaving out other areas which are considered as non-endemic, it is 

likely that animals in these areas are naturally protected against disease; hence vaccination 

only leads to vaccine waste. In addition, there could be unforeseen cases of infections of 

cattle farmed in presumed disease non-endemic regions in Kenya, there has not been any 
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studies carried out to assess the extent, if any, of the proportion of cattle naturally protected 

against the FMD.   

1.3 Justification for the study  

While it is important to vaccinate cattle against the foot and mouth disease ensures increased 

livestock productivity, it is equally important to evaluate the impact of the FMD vaccine-

induced antibodies on semen quality in bulls that are bred for production of sperm for AI. 

This is because the use of vaccines may negatively affect the reproductive ability of 

vaccinated bulls by affecting semen quality and this argument forms the rationale of the 

present study.   

The production of livestock should follow a system that ensures maximum productivity 

while minimizing costs. However, in the science and application of AI, the processing of 

semen requires the use of expensive commercial semen extenders and this increases, 

significantly, the cost of producing farm livestock. Development of an alternative medium 

as semen extender to replace the more expensive commercial extenders can largely lower 

the cost of artificial insemination. Coconut water constitutes of rich in nutrients, vitamins, 

mineral salts and phytohormones and may be a potential substitute for expensive commercial 

extender. However, this has not been fully investigated. Therefore, the need to develop the 

coconut water as a medium for use in semen processing as in the present study is urgent, 

being locally available and hence more economical than imported commercial extender. 

Furthermore, the reproduction and stocking of cattle for commercial exploitation starts with 
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ensuring good breeds and this is initially defined by use of quality semen and therefore the 

need to evaluate semen quality in the present study.    

Effective disease surveillance and preparedness for outbreaks in livestock requires 

documentation of the proportions of livestock encountering disease pathogens and their 

inherent response to infection. A pilot study to assess the protection level of cattle farmed in 

FMD endemic region and a disease non-endemic region can inform decisions on future 

vaccination programmes, in addition to providing important information on the genetic or 

inherent level of disease susceptibility or resistance. Thus, it becomes important to establish 

the level of natural protection in cattle farmed in an area of no disease and a disease burden 

area. Such regions can only be purposely selected as study choices due to their natural 

disease prevalence status.  

1.4 Research questions  

i. What the protection status in bulls from a foot and mouth disease-endemic and 

nonendemic regions in Kenya?  

ii. What are the serology titres produced against virus strains in bulls from a FMD 

endemic or non-endemic region of Kenya?  

iii. What is the semen parameter levels in bulls vaccinated against FMD?  

iv. What is the sperm recovery rate from cryopreserved semen samples processed using 

coconut water?   
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1.5 Hypotheses  

i. There is no significant difference in protection status between bulls from a foot and 

mouth disease-endemic and those from non-endemic regions in Kenya.  

ii. The serology titres produced against current vaccine strains in bulls from a FMD 

endemic or non-endemic region in Kenya are comparable.  

iii. The semen parameters in bulls vaccinated against FMD are within normal values.  

iv. Sperm recovery rate from semen processed using coconut water is the same as the 

recovery from duplicate samples processed using Opticell commercial extender 

after cryopreservation.   

1.6 Objectives 

1.6.1 General objectives  

The general objective of the study is to determine the impact of the food and mouth disease 

vaccine-induced antibodies on quality of semen and to evaluate coconut water as a potential 

extender on bull semen for Artificial insemination.  

1.6.2 Specific objectives  

i. To establish the protection status in bulls from a foot and mouth disease-endemic 

and non-endemic regions in Kenya.  

ii. To determine serology titres levels produced against virus strains in bulls from a 

          FMD endemic or non-endemic region in Kenya.  

Commented [M1]:  

Commented [M2R1]:  
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iii. To analyze the semen parameters in bulls vaccinated against FMD.  

iv. To determine the recovery rate of sperms from semen samples processed using 

coconut water after cryopreservation.   

1.7 Significance of the study  

The research study examines the impact of FMD vaccine on semen quality and this will 

provide information that will guide on strategies to remedy the negative effects of animal 

vaccines for increased productivity. In addition, development of coconut water as cheap 

alternative semen extenders in this research study will greatly reduce the cost of artificial 

insemination. Information on the extent of natural immunity development against the FMD 

in a region of disease burden and a non-endemic area will be important in guiding future 

disease vaccination programmes.  
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CHAPTER TWO  

LITERATURE REVIEW  

2.1 Artificial insemination  

Artificial Insemination (AI) is the introduction of bull spermatozoa into a female’s cervix or 

uterine   cavity for the purpose of achieving a pregnancy   through in   vivo fertilization 

without using sexual means (Greyling et al, 2022). Artificial insemination is the single most 

important technique used for the genetic upgrading in animals.  High   quality semen    

selected   from   superior   bull can produce enough   spermatozoa to inseminate thousands 

of cows per year (Tadesse et al., 2022).    The breeding of cows meant for dairy use has seen 

much improvement when artificial insemination is used (Mercadante, 2016).   

  

The number   of sperm cells in an ejaculate of semen must be of high quality   to ensure 

acceptable   pregnancy rates. In the livestock industry efficiency of reproduction of the herd 

is mainly achieved by use of technologies in AI. Artificial insemination significantly reduces 

incidences of sexually transmitted disease in cattle while increasing utilization of sires that 

are genetically superior and this is associated with improvement of performance of the herd 

(Vishwanath and Shannon, 2000).  In addition to ensuring up take of high-quality semen of 

AI, it is important that the cost of the AI services be low and affordable by the farmers. 

Reduced cost can be determined by reducing the cost of processing of semen for AI.  

  

In AI when sample of semen is obtained it is analyzed for its physical appearance, quantity 

or volume, and motility, sperm concentration and morphological features, by macroscopy. 
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The semen sample is diluted in order to improve its quantity and the shelf life of the sperm 

cells during storage under very low temperatures with the possibility for application in AI in 

the future. The viability of AI is dependent upon deposition of high volumes of high quality 

and viable sperm cells in the proper anatomical site and at the right timeframe relative to the 

receptive cow’s ovulation while ensuring use of a sterile technique (Mulu et al., 2018). As 

AI is considered an economically important technology in livestock production, it is 

necessary that the technique be applied widely in order to increase the reproduction 

efficiency.  

2.2. Semen collection   

Semen for AI is can be collected from bulls through several methods including using an 

artificially made vagina, use of electric-induced ejaculation technology and by massage 

through the rectum (Mengistu, 2019). The female or dummy should be held in position 

through appropriate structures. The artificially made vagina is held at 45° in relation to the 

direction of the penis. Usually, the artificial vagina is held using the left hand by a right-

handed person, and when the bull mounts the cow, the sheath of the bull will be grasped by 

the operator using his right hand who then directs the penis into the artificially made vagina, 

into where the bull ejaculates (Chenoweth, 2004).  

2.3 Laboratory semen quality analysis  

Comparison between pre-vasectomy and post-vasectomy volumes of semen indicates that 

approximately ninety percent of semen is composed of fluids coming from accessory tissues  

including the seminal vesicles and prostate and with minimal contributions from the 

epididymis and the Cowper’s glands. Semen has two main attributes that are quantifiable. 
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These include the total spermatozoa number which reflects production of sperms from the 

testes and post-testicular ducts; and the total volume of fluids contributed a number of 

accessory glands.    

Results of laboratory parameters of semen quality depends on several factors including 

whether a complete sample is collected (Björndahl and Kvist, 2003); the accessory sex 

glands activity;  the time of collection since the last sexual activity  (Jonge et al., 2004);  and 

the penultimate period of abstinence since  one ejaculation cannot completely empty the 

epididymitis (Cooper et al., 1993); and the size of the testis, which may  influence the total 

spermatozoa number  per ejaculate (Behre et al., 2000; Andersen et al., 2000). Common 

semen parameters measured in the laboratory include, total perm count, ejaculate volume, 

sperm concentration, total motility, progressive motility and sperm morphology. The normal 

range for these parameters should conform to the World Health Organization reference range 

(WHO, 2010).  

2.3.1 Physical appearance of semen  

The first quality measure of semen is described by the gross physical appearance of freshly 

collected sample from a bull. This fleshly collected sample described as neat (unaltered) 

semen appears normally as a thick slightly yellowish to whitish fluid whose quality 

consistency is commonly determined by the concentration of the spermatozoa that it contains 

(Narud et al., 2022). Bull semen will have very little normal odor.  The microscopic normal 

appearance of semen from bulls varies between bull ejaculates and among individual bulls, 

the animal breed, as well as age (Mulu et al., 2018). High quality bull’s semen is generally 

white or yellowish creamy in color, most often referred to as cream in color.  
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2.3.2 Ejaculate volume  

The semen volume of a bull’s ejaculate can readily be measured at the point of collection by 

collecting the semen sample directly into a vial that is graduated vial (Garner, 1991). 

Alternatively, the volume of ejaculates can be measured by weighing the vials after semen 

collection is using a top-loading balance, and then converting the weight reading into 

milliliters using computer programs. The latter methods have been indicated to reduce errors 

that may be associated with the former method of visual reading of ejaculate tubes 

particularly when small volume is obtained or bubbles are present (Bearden and Fuquary, 

2000).  When younger bulls are used or when there has been frequent ejaculation or failed 

or incomplete ejaculation or in situations where there is bilateral seminal vesiculities, the 

volumes will be low.   

The average semen volume of an ejaculate can be 8.7 ml (Filipcik et al., 2023). The volume 

of a bull’s semen can vary between ejaculates, individual bulls, the animal breed, and age. 

However, a bull which gives less than 2ml of volume of semen per ejaculate is usually not 

acceptable (Zewdie et al., 2005). According to KAGRC standard operating procedures 

normal range is 1ml above, concentration 0.200. 60% initial dilution and 40% post thawing) 

Differences between bulls’ semen volumes have reportedly attributed to variations in the 

age, animal breed, nutritional status, and geographic locations as well as seasons during the 

year of study, method used to collect semen and the manner in which bulls are handled 

during sample collection, the procedure used and the frequency of semen collection (Andrabi 

et al., 2002).    
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2.3.3 Spermatozoa motility  

Spermatozoa motility is the percentage estimation of sperm cells that are active or motile in 

a semen sample. Progressive motility of sperm cells has been described as those spermatozoa 

that are naturally moving or progressing actively from given point to another in a more or 

less straight line. Sperm motility can easily be assessed by visual observation of bulk motility 

of sperm cells from a concentrated semen sample. Motility can be calculated by placing a 

single semen drop on a glass slide, and examining the movement of sperms in a bright field 

microscope under low magnification of 200X.  

Semen motility is usually scored as very good (80-100% sperms are in motion), or good (60- 

80% sperms are motile), fair (40- 60% sperms in motion), or poor (20- 40% perms are cells), 

and very poor (10- 20% sperms are motile). Good quality sample of semen is indicated to 

have at least 30% of vigorously mobile sperms when the sample is diluted and examined 

under a microscope. Surrounding temperature, presence of shock as well as other factors 

have the potential to greatly interfere with sperm motility scores. In order to be acceptable 

bull semen should have at least 70% and 40% motility respectively at the time of collection 

and after freezing (Zewdie et al., 2005).  

 2.3.4 Sperm concentration   

Concentration of sperm cells is described as the total quantity of sperms per milliliter of 

semen and the quantity must be recorded for each ejaculation. Sperm particle counter, 

spectrophotometer or Haemocytometer (Bearden and Fuquay, 2000).  
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2.3.5 Sperm cell morphology   

The morphology of a sperm cell describes the physical appearance of the sperm cell as 

visualized under a microscope.  A normal sperm cell is having a tail piece and a head and is 

divided into three-piece areas including the end-, mid- and the main piece. Morphologically, 

assessment of the sperm cell is routinely carried out with the aid of a phase microscope. The 

theriogenology society (SFT) encourages the use of nigrosin-eosin stain to increase 

resolution (Gacem et al., 2021).  Sperm cells that are abnormal can be categorized into 

abnormal head (micro, asymmetrical, pyriform, and tapering), or abnormal tail (longer, bent, 

filiform, broken, truncated and double pieces), and having droplets in the cytoplasm from 

the neck of the sperm cells during spermatogenesis (Noakes et al., 2009).   

The semen samples that pass the initial screening are further extended or diluted before being 

cooled and packaged into straws for freeze preservation.  After freezing, usually a 

representative semen sample is thawed and evaluated for quality status using various 

laboratory tests. These semen post-thaw evaluation procedures not only document the ability 

of the samples to withstand the conditions of used in the semen processing but they also 

inform on the level of fertility of the semen. Assessing the progressive semen motility is 

considered the most important post-thaw viability evaluation.  

 2.4 Processing of bull semen for artificial insemination    

  

Semen extenders are used in the processing of bull sperms for AI and their role is to protect 

and preserve sperm from harmful factors, including freeze and osmotic shock, ice crystals-

induced cell injury, and oxidative stress (Bustani and Baiee, 2021). Semen extenders can 
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preserve sperm quality by stabilizing their properties such as sperm motility, morphology, 

viability, as well as acrosomal, membrane and DNA integrity. Other conditions involved in 

semen processing include organization and sensitization of the technical staff to improve the 

repeatability and reproducibility of the test results, customizing information system to 

capture details of semen collection, collection crate, bull handlers, time and temperature at 

each stage of processing (Tadesse et al., 2022).  

2.5 Semen extenders and sperm cryopreservation  

Artificial insemination relies on sperms in semen that has been cryopreserved. During 

storage of semen under low temperatures, Semen extenders are used. Following their 

discovery semen extenders were developed for their use to protect sperms from harmful 

factors, including oxidative stress, freeze and osmotic shock, and cell injury that may be 

caused by ice crystals (Bustani and Baiee, 2021). Semen extenders usually preserve sperms 

by stabilizing their properties, including motility, morphology, viability, and membrane, 

acrosomal, and DNA integrity. It is therefore necessary that semen extenders provide 

favorable pH, antioxidant activity, adenosine triphosphate, anti-freeze shock, and 

anticooling activity to improve and preserve semen quality for fertilization (Bustani and 

Baiee, 2021).  

There are two basic methods used in semen storage and these include chilling and 

cryopreservation. In the chilling technique, the semen is preserved at 4-5°C for 3 days 

duration for maximum and best results. Cryopreservation of semen involves freezing the 

sample preparation for 3 h at 4°C. The semen is then filled into 0.25 mL straws before finally 

preserving and storing them in liquid nitrogen for long duration often lasting years (Baiee et 
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al., 2017). The critical conditions for long-term semen preservation to maintain its quality 

are: cooling for 2-3 h, adding a cryoprotectant, and then freezing in liquid nitrogen (Baiee et 

al., 2018). The main anti-freezing semen cryoprotectants include dimethyl sulfoxide 

(DMSO) and propylene glycol. For better results 5-15% cryoprotectant should be maintained 

during freezing and thawing of samples (Bhattacharya, 2018).  

Semen extenders are important in maintaining sperm cell survival during the process of 

cooling and freezing (Bustani and Baiee, 2021). Extenders are used to protect sperms, and 

to conserve sperm motility, and fertility during storage and processing by stabilizing the 

plasmalemma. Therefore, sperms can have increased fertilization rate if high-quality 

extenders are used during chilling and cryopreservation.  Semen extenders also preserve and 

maintain sperm cell metabolic processes, they control the pH of the media during and also 

after post-thawing, they control bacterial transmission as well as contamination, and also 

reduce cryogenic damage (Raheja et al., 2018).  Extenders also maintain pH at 6.8-7.2 and 

provide needed energy and antioxidant that can reduce oxidative stress.    

Commercial Semen extenders are made from different materials including both animal 

sources such as, skimmed milk and egg yolk, and plant sources such as soybean lecithin 

(Layek et al., 2016). Current semen extenders are associated with diverse problems 

depending on the type of the extender and the source species. Soybean lecithin as a sperm 

extender has been reported to have a more hygienic nature when compared with egg yolk 

extenders (Chaudhari et al., 2015).  These extenders are very expensive with egg yolk 

extenders being more extensively used both in the laboratory and in field techniques due to 

their reasonable lower price coupled with satisfactory results (Layek et al., 2016). Due to the 

problems associated with the current semen extenders including high cost for the plant 
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lecithin-based extenders and the unhygienic nature of egg yolk-based extenders, there is need 

to evaluate other plant-based products with potential for use as semen extenders. An 

alternative to the current semen extenders is coconut water which can be very cheap and 

readily available and can therefore significantly lower the cost of artificial insemination.  

2.6 Coconut water and its potential use as semen extender  

Coconut water is considered a nutritionally rich and refreshing natural drink with thirst  

quenching properties and is rich in vitamins, minerals and important phytohormones (Naik 

et al., 2022). It is considered to be a natural isotonic drink because of its salt composition. 

Therapeutically, coconut water has been used to inhibit and or alleviate numerous human 

health-associated conditions and disorders such as diarrhoea, kidney-related issues, 

dehydration, urinary tract infections, myocardial infarction, fatigue, and digestion problems, 

as well as antiaging issues (Gayán et al., 2020).   

When compared with   normal drinking water, it has been observed that consumption of 

coconut water high volume causes less nausea, and fullness with no stomach upset (Wang et 

al., 2008). It is likely that the lack of any adverse effects in the body following consumption 

of coconut water could be due to its comparable physiological properties with body fluids. 

Apart from being important for human consumption, coconut water is also suitable as a 

growth-promoting medium that can support viability of many types of beneficial 

microorganisms.  Therefore, coconut water has currently gained a special attention in 

biotechnological research. In recent years, research scientists have focused their interest in 

the numerous health and medicinal properties associated with consumption of coconut water 

and Sugars, free amino acids, vitamins proteins, minerals, and growth promoting factors 
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have been documented to be among the most important biologically essential components 

found in coconut water (Tuyekar et al., 2021).   

  

A recent study evaluating the protective ability of coconut water against intraperitoneally 

infused carbon tetrachloride-induced toxicity in rats concluded that there were increased 

antioxidants in treated rats and that treatment did not alter the biochemical parameters in 

study subjects (Emmanuel et al., 2022).  Coconut water phytohormones components 

including auxin, iron, cytokinin’s, copper, minerals for electrolyte balance like potassium, 

sodium, magnesium, phosphorus and calcium and other components like vitamins, sugars, 

and chlorides among others elements (Tuyekar et al., 2021) make this plant product very 

important with potential for use as a semen extender. Furthermore, coconut water is 

composed of 95.5 % water, vitamin B complex, cytokines lipids, and enzymes. 

   

2.7 Foot and Mouth Disease (FMD)  

Foot and mouth disease (FMD) is among the most devastating and severe diseases of cloven-

hoofed livestock (Lalzampuia et al., 2023).   The disease is caused by the FMD virus 

(FMDV), which belongs to the genus Apthovirus of the family Picornaviridae. Seven 

serotypes of FMD virus are documented and these include, O, A, C, SAT1, SAT2, SAT3 

and Asia 1 (Figure 2.1). It has been established that Infection with any one viral serotype 

does not induce immunity against another. Foot and mouth disease is a highly contagious 

and severe viral disease of affecting livestock and has a significant impact on productivity.  
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Intensively reared animals have been shown to be more highly susceptible to the viral disease 

than traditional breeds (WOAH, 2022).   

  

    

 

 

 

 

 

 

 

 

 

 

 

  

Figure 2.1: Map showing WOAH FMD status and historic endemic Pools of foot-and 

mouth disease  

  

Figure 2.1: Map showing WOAH FMD status and historic endemic Pools of foot-and 

mouth disease. Some countries may have WOAH-free status with or without vaccination, 

for example Russia. Striped coloring indicates areas that currently have FMD-free status 

suspended (WOAH, 2023).  

The foot and mouth disease presents with acute fever and accompanied by blister-like sores 

affecting the tongue and lips, and the mouth, teats and the areas between the hooves. 

Morbidity due to FMD is usually high, and although mortality is low, animals recovering 

from the disease usually become carriers that subsequently shed viruses (Artz et al., 2018).  

Carrier state can last as long a year in cattle. Young animals show higher mortality rate
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associated with myocarditis. Although generally FMD has low fatality rates, the economic 

impact associated with the disease is enormous in the livestock sector particularly due to 

restrictions on trade of the animals and animal products (Jamal and Belsham, 2013).   

In the greater Horn of Africa, which may also include the greater East Africa comprising of 

countries such as Djibouti, Somalia, Ethiopia, Kenya, Eritrea, Sudan, Uganda, and South 

Sudan, 40% of the Africans and an estimated 10% of the livestock population globally reside 

in this area. In this region, as of 2022, the total number of livestock was estimated to be 532 

million (CAFRLF, 2022) with ruminants comprising of 375 million (IGAD, 2022).  

The estimated livestock number in this region consists of 102,104,688 cattle, and 11,742,390 

camels, as well as 179, 579,520 small ruminants. The FMD is among the most important 

livestock contagious diseases with a great economic impact globally. The FMDV infects 

over 70 domestics (cattle, goats, sheep, and swine) as well as wild (African buffalo, gazelle) 

cloven-hoofed animals (Alexandersen and Mowat, 2005) and the virus exists in 7 serotypes 

(O, A, C, Asia1, SAT1, SAT2, and SAT3) 

The FMDV serotypes O and A in order of prevalence are found in the Horn of Africa. 

Serotypes SAT1 and SAT2 have been reported to be prevalent in Ethiopia, Kenya, and 

Uganda (Tekleghiorghis et al., 2016). In Uganda, SAT1 and SAT2 and have been isolated 

in the African Buffalo within Queen Elizabeth National Park (Ayebazibwe et al., 2010), 

while SAT3 was documented in Uganda in 2013. Despite serological detection of Serotype 

C, this strain has never been isolated from this region and there are no clinical cases of FMD 

caused by serotype C have been reported or detected in the last 15 years (Paton et al., 2021). 
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The FMD is reported to circulate in 77% of the livestock population, and it is estimated that, 

the cost burden incurred due to this disease in Africa is 50% of the total cost of livestock 

diseases in the continent (WOAH, 2022). Foot and mouth disease is endemic in Kenya and 

causes significant lose in affected livestock (Chepkwony et al., 2021). In Kenya FMD is 

associated with sporadic outbreaks which occur throughout the year. The foot and mouth 

disease are reported to be endemic in the central part of the country as well as Western, Rift 

valley. Other areas including North Eastern, and Eastern are considered non-endemic for the 

FMD.  

2.8 Immunology of Foot and Mouth Disease  

In cattle, following natural infection with the foot and mouth disease virus (FMDV), the 

nasopharyngeal mucosa becomes the primary site of replication of the pathogen, and this is 

followed by dissemination to the lungs and subsequently by viraemia lasting about 3 – 5 

days (Arzt et al., 2011). The main mechanism involved in controlling the FMDV infection 

involves development and secretion of neutralizing antibodies, which can be within 4 days 

post infection and peaking at 14 days and these antibodies are maintained in the animal for 

long periods of time lasting years (Grubman and Baxt, 2004). Humoral immune responses 

that develop after infection or following vaccination can protect the animals against FMD 

but may not completely prevent viral replication within the nasopharynx nor do the prevent 

establishment of persistent infectious or carrier status (Stenfeldt et al., 2016).   

  

Innate immune response characterized by type I and III interferons (IFN) has been 

documented to play a role in early protective immune response against the viral disease in 
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pigs and cattle (Perez-Martin et al., 2014). Although the FMDV has evolved mechanisms to 

antagonize the interferon response in vitro (Medina et al., 2018) type I and III interferons 

are readily detectable in the serum following FMDV experimental infection in cattle, African 

buffalo, pigs, and mice (Maree et al., 2016). Significant production of acute-phase proteins 

(APPs), and other substances including haptoglobin and serum amyloid A (SAA) have been 

described in cattle serum during acute disease with (Stenfeldt et al., 2011).  

2.9 Vaccination against Foot and Mouth Disease (FMD)  

Vaccination against diseases is an important strategy for reducing the impacts of food and 

mouth disease in cattle and helps to block circulation and recirculation of the causative virus 

in livestock ( WOAH, 2022).  Effective preventive measures against FMD can be achieved 

through vaccination mainly with inactivated vaccines. Inactivated vaccines, unfortunately, 

only offer short-term protection and require cold-chain and high-containment facilities 

adding to the challenges associated with vaccines against the FMD (Kame et al., 2019). 

Currently, major research and pursuit of advances in hot topics in vaccine development 

including vectorology are ongoing, involving DNA vaccines, peptide vaccines, and live 

attenuated vector vaccines. Vaccination against FMD induces both type 1 and type 2 

acquired immunity with strong IgG response. In Kenya, vaccination against the FMD is 

achieved by use of the FOTIVAX TM vaccine which is produced by the Kenya Veterinary 

Vaccines Production Institute (KEVEVAPI). This vaccine confers protection against the 

four FMD viral strains circulating in the country including strains O, A, SAT 1, and SAT 2 

(KEVEVAPI, 2021
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It is a vaccine produced for use in cattle, goats, pigs and sheep to protect the animals from 

disease caused by any of the four virus strains. Protection against disease is mediated by 

antibodies produced against the viruses. Since infection with any single viral serotype does 

not protect against any other virus type, an effective immunity in vaccinated animals should 

induced antibodies against the four viral types including strains O, A, SAT 1, and SAT 2. 

Thus, complete protection against the FMD involves production of specific antibody tires 

above 1.36 against each type of the strains O, A, SAT 1, and SAT 2 viruses (Jo et al., 2019).   

Maternal antibodies in young calves have been reported to maintain strong protection against 

disease for at least two months with antibody levels decreasing significantly three months 

after vaccination (Lalzampuia et al., 2023).   Bulls bred as stock for production of sperm for 

AI should be vaccinated   against the foot and mouth disease. However, although vaccination 

against the FMD may be associated with high economic value, the effect of FMD vaccine-

induced antibody responses in bulls bred for AI on semen quality is unknown and hence the 

need for investigation to establish this missing link. Protection against the FMD is mediated 

by virus- specific antibodies. Immunoglobulin G (IgG) is associated with protection against 

disease in vaccinated cattle (Brito et al., 2015). Immunoglobulin M (IgM) mediates 

protection against disease in naïveinfected cattle (Pega et al., 2013). Maintaining high levels 

of anti-FMDV total antibodies is important in order to prevent disease outbreaks.   
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2.10 Future perspectives on vaccination against Foot and Mouth Disease and economics 

of Bull semen processing for artificial insemination 

Foot and Mouth disease is an extremely contagious disease among cloven mammals – its 

mortality rate can be very high (100%) in native cattle placing economic constraints on the 

international livestock trade and can be reintroduced into the disease-free areas unless strict 

precautions are in place. While this disease can be prevented through vaccination against the 

causative virus, it is not clear if all vaccinated animals develop protective levels of antibodies. 

In addition, it is not clear if induced FMDV-specific antibodies have any effect on semen 

production in bulls bred for artificial insemination    

Imported semen extenders are required for processing of semen used for artificial 

insemination but these commercial extenders are expensive and often are not readily 

available making the cost of artificial insemination very expensive to the farmers. For this 

reason, it is necessary to find alternatives that are cheap and easily obtainable. Development 

of coconut water as an alternative to the commercial semen extenders can offer cheap and 

readily available semen processing extenders and this can significantly reduce the cost of 

artificial insemination. For effective disease surveillance and preparedness for possible 

outbreaks, it is important to document real-time and reliable reports on the natural disease 

protection status in the affected animal. Thus, reports on the proportions of naturally 

protected animals farmed in FMD endemic and a non-endemic region in Kenya can be a 

valuable tool for guiding in future vaccination and disease control programmes.  

 

 



24 
 

CHAPTER THREE  

MATERIALS AND METHODS  

3.1 Study area   

This study was conducted at the Kenya Animal Genetic Resource Centre (KGRC is a 

quarantine station) located in Lower Kabete which is 16 kilometers west of Nairobi city center. 

The current study used bulls of the Friesian breed for collection of semen and blood samples 

for laboratory analysis, Friesian bulls are less stressful and best for collecting semen.  FMD 

analysis blood samples were collected from non-endemic and endemic regions of Friesian 

breed, four villages were identified for purpose of collecting the blood serum sample, ten bulls 

from each village. Makueni a non – endemic region and Kiambu endemic region were 

purposely chosen. The Centre was established in 1946 as a station for producing bull semen 

for the Kenya white’s highlands farmers (Kenya Gazette notice Number 557 of 19th June 1946) 

and was then named the Centre for Artificial Insemination Station (CIAS) with the objective 

of controlling venereal diseases and improving the genetics of exotic dairy cattle.  

 The Centre occupies 358 acres of Land and hosts various breeds of bulls including- Ayrshires, 

Friesians, Guernsey, Jerseys, Boran, and Sahiwal.  The mandate of the Centre is to produce, 

preserve and   conserve animal genetic materials   and rear breeding bulls   for provision of 

high-quality disease-free semen for artificial insemination locally and for export.  It is a 

profound achievement that the center has attained ISO  9001: 2015 QMS   certification in 

management standards on the world best practices (www.kagrc.ac.ke). Semen in the center is 

produced according to internationally   Accepted (OIE regulations) standards and all semen 

straws are labeled and examined for viability before being distributed.     
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Figure 3.1: Map of Kenya showing study site of FMD endemic and non-endemic regions 

 

 

3.2 Study animals and samples  

These animals included only those bulls vaccinated against the FMD and bred specifically 

for semen production for AI. Semen sample collection was done by laboratory technologist 

using prescribed artificial vagina for collecting semen for AI. All FMD vaccinated animals 
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including seroconverting and non-seroconverting were included in the study. In addition, 

blood samples were collected from the same bulls for analysis of FMD vaccine IgG 

antibodies. Collected samples were taken to the laboratory for analysis with the help of a 

veterinary doctor.  For animals included in the assessment of natural protection against the 

FMD, bulls sampled within an area of disease endemicity as well as in a FMD non-endemic 

area. Blood samples were obtained from these animals for quantification of circulating 

antibodies against each of the four viral strains including, O, A, SAT 1, and SAT2.        

3.3Preparation of coconut water for development of alternative semen extender.    

 Coconuts were purchased from the city market located at the Nairobi central business 

district. The coconuts were taken to the Kenya Animal Genetic Resource Centre laboratory 

for extraction of coconut water. The nuts were washed with clean tap water and soap before 

rinsing with plenty of tap water. The coconuts were then washed again with distilled water 

and dried in a biosafety hood. Working in a biosafety hood, the coconuts were opened using 

a sterile bottle cork opener through the soft stalk area and the coconut water was sucked by 

use of automated sterile serological pipette into sterile 50 ml centrifuge tubes which were 

stored briefly at 4°C until used for processing semen samples as test extenders.  

3.4 Study design  

A total of 24 Friesian bulls aged 18 months (mature age to harvest semen) and above were 

used for semen sample collection, this is 30% of Friesians bulls that were at the age of 

collecting semen at the station. All the animals selected for this analysis included bulls 

vaccinated for FMD. Twelve bulls were in the category of FMD vaccinated animals which 
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developed immunity while the other 12 bulls were vaccinated bulls which failed to develop 

immunity against the circulating viruses. Bulls selected for semen collection were assembled, 

washed   and kept for 20 minutes to dry up.  The   bull teaser was used where bulls mounted 

during semen collection.  A laboratory technologist   and laboratory assistants helped in 

collecting semen sample form the bulls. The collecting personnel used artificial vagina with 

collecting   labeled test-tube attached to the artificial vagina. The laboratory technologist 

recorded the volume of semen sample he has collected and hand over the samples to the 

veterinary doctor for further processing.  

Semen samples from vaccinated animal groups were analyzed for all parameters of semen 

quality including ejaculate color, volume, sperm concentration, motility, absorbance and post 

thaw recovery rate. For development of coconut water as semen extender, semen samples in 

duplicate were processed using commercial semen extenders while another set of semen 

samples also in duplicate were processed using coconut water before analysis of semen 

samples for quality parameters. Blood samples of 2mls were also collected from the same 

bulls for quantification of FMD-vaccine-induced IgG antibodies. For analysis of the 

relationship between the levels of IgG antibodies and semen quantifiable parameters, semen 

processing was carried out with commercial extenders. For assessment of acquisition of 

natural immunity, at least seven bulls were sampled from a FMD endemic (Wangige in 

Kiambu County) and non-endemic (Mbooni in Makueni  county- 39 bull) regions in Kenya 

in a pilot study. All antibody quantification was carried out using virus neutralization Enzyme 

Linked Immunosorbent Assay (ELISA) based methodology.  
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3.5 Quantification of serum Antibody titres from blood samples using ELISA 

Fifty μL of Eagles (MM1) media were added using a pipette into all the wells of a microtiter 

plate but excluding wells in row A before adding 100 μL of a 1/4 dilutions of the control sera 

and test sera samples in row A. Fifty 50 μL of this 1/4 dilution were transferred from the row 

A of microtiter plate to row B and the hundred μL contents were carefully mixed several 

times using a pipette, while ensuring no bubbles are introduced (this resulted in a doubling 

dilution). Fifty μL were transferred from microtiter plate row B to C and mixing was 

repeated. From row C to row D, 50 μL were transferred, mixed carefully and this step was 

repeated down to row H. Fifty μL of the dilution were discarded from row H leaving a final 

volume of fifty μL (this resulted in 1/4 to 1/512 dilutions in fifty μL volumes). This step was 

repeated with all test samples and duplicate wells were performed both for the test and control 

sera. The virus antigen dilutions were then added at this stage:    

Fifty μL of the 100TCID50 virus dilution were added to all the wells of the test and control 

plates resulting in dilutions from 1/8 to 1/1024 before incubation microtiter plates for 1 hour 

at 37°C. The cell suspension was added to the microtiter wells at this stage: Fifty μL /well of 

the cell suspension were added at the prepared concentrations of 0.4-1.0 x 106 cells/ml of 

LFBK, BHK-21 or IB-RS 2 cells in Eagles (MM1) media. The microtiter plates were sealed 

and incubated at 37°C for upto72 hours before reading results: The microtiter plates were 

viewed under an inverted microscope for cytopathic effect (CPE) after 48 hours of 

incubation. Wells that did not show CPE were recorded as positive while those that showed 

CPE were regarded as negative.  After 72 hours of incubation, the plates were stained with 

naphthalene blue black dye. Wells staining blue black were considered positive and those 
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appearing colourless were considered negative. For quality control, standard antiserum of 

known titre, a control cell, a media control and a virus titration are included in the test in 

every test and used to calculate the actual virus titre. The virus titre was then calculated and 

results interpreted. The virus titre was considered the dilution where fifty percent of the cells 

showed positive CPE which upon staining appeared colorless. The endpoint was reported as 

where there was no CPE and the cell monolayer stained blue black, the color of the stain. 

This was carried out following the procedure by KEVEVAPI standard operating procedures 

and Kärber (1931):   

The microtitre wells number showing hundred percent CPE divided by the wells number per 

dilution before subtracting 0.5 (correction factor) then multiplied dilution interval of log. The 

highest step of dilution with hundred percent CPE was added to all the microtitre wells. The 

serum Antibody titre was then calculated: With each virus neutralization test (VNT), titration 

of virus was added, so that the exact titre of virus and doses of virus could be determined 

(Kevevapi standard operating procedures). For every dose of virus, the corresponding titre of 

serum was established. The titres of serum were expressed as the reciprocal of log10 dilution 

which showed fifty percent protection of cultures against infection by that virus dose. The 

endpoint titre of the sera was expressed reciprocal of the log dilution which recorded 

protection levels of fifty percent in cultures against 100TCID50 of virus. This was carried 

out by using plots of doses of the virus ranging 101.5 to 102.5 versus the corresponding titres 

of serum and extrapolating the final titre of serum at 100TCID50. Antibody titres of Log10 ≥ 

1.36 were considered protective as per the established laboratory protocols (Appendix I). 
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3.6 Semen quality analysis  

3.6.1 Semen quality analysis for freshly collected samples  

Semen samples were collected from bulls (Figure 3.6) through KAGRC laboratory 

established protocol (Appendix II). Semen samples were analyzed in the laboratory for 

various quality parameters including sperm count and ejaculate volume, sperm concentration, 

total motility, progressive motility and sperm morphology. Results from the analysis of these 

parameters were compared with reference ranges as per protocols established at the Kenya 

Animal Genetic Resource Centre (KAGRC standard operating procedures) laboratories as 

well as literature data as described by Morrell et al. (2018).  
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Figure 3.6: Semen collection from a bull at the Kenya Animal Genetic Resource Centre. 

                        

3.6.1.1 Determination of ejaculate volume  

The ejaculate volume was measured by weighing the semen sample in the same vessel in 

which it is collected. Samples were collected in a pre-weighed, disposable clean container. 

The vessel was weighed with the semen in it and the weight of the container was subtracted 

from the total weight. The semen volume was calculated from the sample weight assuming 

the density of the semen to be 1 g/ml (Cooper et al., 2007). All semen samples of volumes 

from at least 1 ml are considered to be of normal volume and were selected for further 

analysis.  
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3.6.1.2 Quantification of total sperm count and concentration in ejaculate  

Sperm numbers in ejaculate were scored by examining a well-mixed and undiluted sample 

preparation from liquefied semen on a glass slide under a coverslip. This process was used to 

determine the appropriate dilution level and the appropriate counting chamber to use. Semen 

was then mixed and prepared with dilutions with fixative (made by dissolving 50 g of sodium 

chloride and 10 ml of 35% (v/v) formalin in 1000 ml of purified water) before loading to the 

Neubauer haemocytometer and allowing the spermatozoa to settle in a humid chamber for 10 

minutes. At least 200 spermatozoa were counted per replicate and replicates were compared to 

see if they are close enough for an acceptable level after which the spermatozoa number was 

calculated. The concentration of spermatozoa was calculated per ml before the total number of 

sperm cells per ejaculate was calculated (WOHA 2023, WHO, 2010). Semen samples with 

normal estimated concentration as counted using the Neubauer haemocytometer were analyzed 

further for more accurate concentration value using Bovine Accucell Photometer (IMV 

Technologies Group, France) which is a tool specifically developed for accurate measurement 

of ejaculate concentration. The sperm concentration was expressed as number of sperms per ml 

x 106.  

3.6.1.3 Analysis of progressive sperm motility  

Sperm motility was evaluated using a phase-contrast optics microscope and stage warmed at 

370c. Semen samples were diluted with warmed (37°C) non-fat skim milk-glucose extender 

to a concentration of 25 to 30 million perms per ml in order to improve the accuracy and 

repeatability of the sperm motility evaluation. Skim milk-glucose extender supports motility 

of sperm without interfering with the microscopic visualization of the cells.  Assessment of 
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sperm motility included total sperm motility (% of sperm exhibiting motility of any form), 

progressive sperm motility (% of sperm exhibiting rapid, linear movement), and sperm 

velocity (on an arbitrary scale of 0 (immotile) to 4 (rapid motile). Highly motile sperm are 

defined as those with forward progression of at least 25 µm per second. Low sperm motility 

was recorded as asthenospermia or asthenozoospermia and was categorized as either slow or 

sluggish progressive motility, non-progressive motility which is a movement less than 5 µm 

per second, or having no mobility at all. Semen samples with these sperm’s features were 

discarded. If less than 40% of the sperm sample were motile, the sample was considered to 

have low motility (KAGRC standard operating procedures).  

3.6.1.4 Examination of sperm color and morphology  

Thin semen smears were prepared and heated up to 36°C to dry them before fixing in 96% 

ethanol. Briefly, smears were rinsed in running water and stained with 10% blue eosin dye 

solution for 30 seconds. After rinsing the slides in water again, smears were stained again 

with gentian pigment (Sigma-Aldrich, USA) for 3 minutes. The slides were then rinsed in 

water and dried, before microscopic examination to evaluate the spermatozoa morphology.  

Parameters for normal morphology included smooth rimmed and oval shaped head 

measuring 2.5 to 3.5 µM wide and 5 to 6 µM long; acrosome that is between 40 to 70% of 

the head; head that is free of large vacuoles and have not more than two small vacuoles that 

take up less than 20% of total head; mid-piece of sperm should be much slimmer but about 

the same length as the head; free from head or tail abnormalities and; uncoiled, 45 µM – long 

tail that is thinner than sperm head and mid-piece (WHO, 2010). Only sperms with the normal 

morphological features were selected. Sperms were examined for their appearance including 
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colors such as watery, cream, light cream among others. Cream color was considered the best 

for normal semen samples as per the established laboratory procedures (KAGRC standard 

operating procedures).   

3.6.2 Assessment   of   sperm   recovery   in   post-thaw semen   samples  

After   freezing of   the samples, one straw of semen sample was picked randomly for 

evaluation. The sample after freezing was stored in liquid nitrogen container so that one straw 

for evaluation would   pick from there and transferred to another container containing liquid 

nitrogen. The sample was put in a test tube standing in a water bath heated at 370C for 30 

seconds to thaw (Jasmer et al., 2018). The thawed straw semen vial was dried using dry towel. 

During thawing both sides of the semen storage vials were   cut, and the semen in the straw 

was poured in thawing test tube standing in water bath heated at 370C. After thawing, a drop 

of the sample was transferred to a glass slide and covered with a cover slip, then put on stage 

of a warmed phase contrast microscope for examination for motility at x250 magnification. 

On   the   standard   microscope examination, the sample was assessed for its percentage 

progression   and recorded in a scale interval of 80-100% (if almost all spermatozoa are 

moving); 60-80%, 40-60%, 20-40% and   1-20% forward progression depending on the 

proportion of spermatozoa observed. Morphological changes were also observed and 

recorded on the same scale intervals. Parameters of semen quality were compared between 

samples processed with commercial extenders and those processed using the coconut water 

test medium. Likewise, semen quality parameters from samples collected from FMD 

vaccinated bulls that developed immunity were compared with parameters of semen from 

bulls that failed to develop immunity following vaccination against the FMD.  
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3.8 Data analysis  

Mean values of data on parameters on variables between the experimental and control animal 

groups were analyzed by use of GraphPad InStat software of statistical data analysis:  Data 

on antibody levels between FMD vaccinated and non-vaccinated bulls, mean values of 

parameters of semen qualities between samples treated with commercial extenders and 

coconut water test medium, as well as mean values of parameters involving quality of semen 

between vaccinated and non-vaccinated animals all treated with commercial semen extenders 

were analyzed using student-t-test statistics. Differences between more than two groups of 

treatments were analyzed using both parametric one-way analysis of variance (ANOVA) and 

the Kruskal-Wallis test with Tukey and Dunn test as post-tests respectively. Discontinuous 

data values involving sperm morphology for samples obtained between the two animal study 

groups were analyzed through descriptive statics while correlations analysis between 

antibody levels and continuous semen parameters were carried out using Spearman rank 

correlation analysis test. All data cleaning and normality tests were carried out on each data 

set by the analysis software.  

Significance level was set at P < or > than 0.05. Results were presented in the form Text,  

Tables, Graphs as well as proportions. 
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CHAPTER FOUR  

RESULTS  

  

4.1 Immune status in bulls from a foot and mouth disease endemic and non- endemic 

region in Kenya.  

4.1.1 Immune status in bulls from FMD non-endemic region  

For the animals sampled (n=39) from Makueni County, a region considered non- endemic 

for the Foot and Mouth Disease, the natural protection status against the four virus strains 

including O, A, SAT 1, and SAT 2 indicated that, the seroprevalence for the FMD positive 

were 23%, 10.3%, 2.6%, and 7.7% with antibody titre levels of 1.51±0.24, 1.4±0.07, 1.51±0 

and 1.36.±0 All other FMD negative animals had antibody titre levels below 0.96 while the 

mean value for the total number of bulls in each category of the virus strain was below 0.99 

(Figure 4.1). Although on average, all antibody levels against each of the virus strain were 

below the protective value of 1.36 log10 (animal antibody titre level > 1.36 log10 is protected, 

animal antibody titre < 1.36 log10 is unprotected), there was a significant difference between 

tire levels against virus strain O and the SAT 1 strain with antibodies against strain O, being 

slightly higher (F = 3.745; q = 4.728; P = 0.0124). Antibody levels compared between any 

other two groups were not different (P > 0.05).     
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Antibody titre (log10) 

                    

  Positive denotes – protection status 

  Negative denotes- unprotected status 

  

Figure 4.1: Natural protection status of cattle from FMD non-endemic region.  Blood 

samples were obtained from study animals and quantified for antibody levels against virus 

strains O, A, SAT 1 and SAT 2 by ELISA to establish the level of naturally acquired 

immunity against disease. Data are presented as mean±SD (standard deviation). Animals 

with antibody titre levels > 1.36 are considered protected against the FMDV.  
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4.1.2 Immune status in bulls from FMD endemic region  

In Wangige, Kiambu County, an FMD endemic region, antibody titres for the four viruses 

including strain O, A, SAT 1 and Sat 2 ranged from 1.83±0.36 to 2.41±0.21 for the 

seropositive animals with the highest level being associated with the A strain virus. All 

sampled animals were sero-positive for viral strains O, A, and SAT 1 while 61% of the study 

subjects were sero-negative for the viral strain SAT 2. On average the total number of animals 

recorded antibody levels of 1.83±0.36, 2.41±0.21, 1.98±0.36 and 1.09±0.36 against viral 

strains O, A, SAT 1 and SAT 2 respectively (Figure 4.2). Comparing the mean values of the 

antibody titre against the four virus strains, there was a significant difference (F = 19.216; q 

> 3.901; P < 0.0001) indicating varying immune statuses. Only Antibody titre levels against 

virus strain O vs SAT 1 and strain A vs SAT 1 were comparable (P > 0.05) while comparison 

antibody levels between any other two groups concluded a significant difference (P < 0.05).  
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Positive denotes – protective status 

Negative denotes- Un-protective status 

Figure 4.2: Natural protection status in bulls from FMD endemic region. Blood samples 

were obtained from study animals and quantified for antibody levels against virus strains O, 

A, SAT 1 and SAT 2 by ELISA to establish the level of naturally acquired immunity against 

disease. Data are presented as mean±SD (standard deviation). Animals with antibody titre 

levels > 1.36 log10 are considered protected against the FMDV.  
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4.1.3 Proportions of bulls from an endemic and non-endemic region that have acquired 

natural protection against the FMDV infection 

Comparing the proportions of bulls from FMD endemic and non-endemic regions that had 

acquired natural protection through possible infections with one or more of the circulating 

viruses’ strains, results indicated that overall, 29% of the bulls from FMD endemic region 

were protected from all four virus strains while none (0%) of the bulls from non-endemic 

region was protected from all the four viruses. Considering individual viruses, animals from 

disease endemic region were fully (100%) protected from virus strains O, A, and  

SAT 1 while only 29% were protected from the SAT 2 viral strain. On the other hand, 23%, 

10.3%, 2.6% and 7.7% of animals from FMD non- endemic region were protected against 

viral strains O, A, SAT 1 and SAT 2 respectively (Figure 4.3). In the FMD nonendemic 

region only 2.56% (1/39) of the animals were protected from a combination of three virus 

types including strains O, A, and SAT 1 for one bull and O, A, and SAT 2 for the other 

animal.   
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Virus strain 

 Non-endemic region   Endemic region 

  

Figure 4.3: Proportions of naturally protected bulls against FMD in both disease 

endemic and non-endemic regions.  Blood samples were obtained from study animals and 

antibody levels against FMDV were quantified using ELISA to determine to percentages of 

bulls that were protected against viral strains O, A, SAT 1, and SAT 2 by having antibody 

titres greater than 1.36. The graph represents proportions of bulls that are protected against 

FMD associated with the four virus strains. 

 

4.2 Serology titre levels against FMD virus strains  

Following vaccination of a group of bulls with vaccines against FMD viruses’ strains O, A, 

SAT1, and SAT 2, and assessment of protection status, results indicated that, out of 12 

animals only one (8.33%) bull did not develop any protection against any of the viruses. Two 

other animals did not develop protection against the strain O of the virus’s antibody titres of 

1.2 (Figure 4.4). For the vaccine-induced protection, the antibody titres ranged from 1.36 

against viral strain O to 2.85 for the A strain vaccination.  
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The protection achieved 91% level for each of the virus strains A, SAT 1, and SAT 2 while 

the viral strain O achieved a protection level of 75% among the vaccinated animals. Among 

the various vaccine categories, antibody titres were significantly different (F = 4.889; q > 

3.78; P = 0.0051). Significantly higher antibody titres were recorded for vaccines for virus 

strain A and SAT 2 as compared to strain O (P < 0.01 and P < 0.05). There were, however, 

no significant difference when antibody titres between any other two vaccine categories were 

compared (P > 0.05).  

 

                                                   O     A       SAT1                 SAT 2  

  

Figure 4.4: Antibody titres in bulls vaccinated against FMD viral strains O, A, SAT 1 

and SAT 2.  A group of bulls were vaccinated against four FMD viruses and antibody levels 

were quantified using ELISA. The Graph represents vaccinated bulls and the mean of 

duplicate antibody titres for each of the vaccines against viral strains O, A, SAT 1, and 

SAT 2.  



43 

 

4.3 Semen parameters in bulls vaccinated against FMD  

4.3.1 Semen parameters in bulls that develop immune against FMD following vaccination  

  

Vaccinated bulls that developed immunity against the FMD showed semen volumes ranging from 

4.3 to 8.0 ml and absorbance ranged between 0.3005 and 0.86 nm (Figure 4.5). Sperm 

concentrations ranged between 302 and 1345 sperms per ml of semen (Figure 4.6). Motility for 

diluted semen ranged between 55 and 90% while recovery post thawing was in the range of 25 to 

70% (Figure 4.7). Two bulls had light cream semen while the rest had the normal cream-colored 

semen. One of the bulls which had light cream colored semen had the lowest sperm concentration 

of 302 sperms per ml despite having above average volume of 6.5 ml. Sperm motility in the diluted 

semen was 60%. However, this bull was associated with very low sperm recovery of 25% post 

thawing. The other bull whose semen was light cream in color had a volume of 8.0 ml with the 

second lowest concentration of 364 perms per ml of semen and 0.339 absorbance level. Motility 

of diluted semen was 55% and the recovery post thawing was also relatively low at 30%.  
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Figure 4.5: Volume and absorbance of sperms from semen obtained from bulls which 

developed immunity against FMD following vaccination.  A group of bulls were vaccinated for 

all the four FMDV strains including strain O, A, SAT 1, and SAT 2- and four-months later semen 

samples were obtained from these bulls and analyzed for their volume and absorbance. The Graph 

represents the levels of these parameters in the various sampled bulls.   
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Figure 4.6: Sperm concentration per ml of semen obtained from bulls which developed 

immunity against FMD following vaccination.  A group of bulls were vaccinated for all the four 

FMDV strains including strain O, A, SAT 1, and SAT 2- and four-months later semen samples were 

obtained from these bulls and analyzed for their concentration. The Graph represents the 

concentration of sperms per ml of semen obtained from various sampled bulls. 
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 Motility (%)   Post thawing recovery (%) 

  
Figure 4.7: Percentage motility and post-thawing recovery of sperms in semen from bulls 

which developed immunity against FMD following vaccination.   A group of bulls were 

vaccinated for all the four FMDV strains including strain O, A, SAT 1, and SAT 2- and four-

months later semen samples were obtained from these bulls and analyzed for their motility and 

post thawing recovery. The Graph represents the percentage of these parameters in the various 

sampled bulls.  

 

4.3.2 Semen parameters in bulls that failed to develop immunity against FMD following 

vaccination  

Semen parameter analysis carried out in bulls which failed to develop immunity against the FMD 

following vaccination with current viral vaccines, indicated that although most of all the 

parameters where within the normal range, 25% of the semen were either light cream or watery 

instead of having the normal cream color.  Semen concentration showed a wide variation ranging 

from 301 to 2270 spermatozoa per ml of semen (Figure 4.8). Semen volume ranged from 2.3 to 

8.3 ml per ejaculation while absorbance ranged was between 0.2 and 1.18 nm (Figure 4.9).  
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Motility of the diluted semen samples ranged between 70 and 88% with post thawing recovery 

ranging from 35 to 65% (Figure 4.10). One bull with light cream-colored semen had the lowest 

concentration of 301 sperms per ml and an absorbance of 0.27. However, the volume of semen for 

this bull was 5 ml which was above average. Another bull which produced the lowest semen 

volume of 3.3 ml had watery semen and the concentration and absorbance were 488 sperms per 

ml and 0.396 respectively. These values were relatively low and this bull also had the lowest 

motility percentage of 70% for the diluted semen. There was also another bull whose semen was 

watery but all the other parameters were good. Post thawing recovery of the spermatozoa was 

recorded from between 35 to 65%. Thus, no association between vaccination status and 

parameters. 

  

  

  

  

  

  

    

  

  

  

  

  

   

Figure 4.8: Sperm concentration per ml of semen obtained from bulls which failed to develop 

immunity against FMD following vaccination.  A group of bulls were vaccinated for all the four 

FMDV strains including strain O, A, SAT 1, and SAT 2- and four-months later semen samples 
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were obtained from these bulls and analyzed for their concentration. The Graph represents the 

concentration of sperms per ml of semen obtained from various sampled bulls.  

 

 

 

  

 

 Semen volume (ml)   Absorbance (nm) 

  

Figure 4.9: Volume and absorbance of sperms from semen obtained from bulls which failed 

to develop immunity against FMD following vaccination.  A group of bulls were vaccinated for 

all the four FMDV strains including strain O, A, SAT 1, and SAT 2- and four-months later semen 

samples were obtained from these bulls and analyzed for their volume and absorbance. The Graph 

represents the levels of these parameters in the various sampled bulls.  
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 Motility (%)   Post thawing recovery (%) 

  

Figure 4.10: Percentage motility and post-thawing recovery of sperms in semen from bulls 

which failed to develop immunity against FMD following vaccination.  A group of bulls were 

vaccinated for all the four FMDV strains including strain O, A, SAT 1, and SAT 2- and four-

months later semen samples were obtained from these bulls and analyzed for their motility and 

post thawing recovery. The Graph represents the percentage of these parameters in the various 

sampled bulls.  
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4.3.3 Comparison of semen parameters between FMD immune and non-immune bulls following 

vaccination  

Figure 4.11 represents compared bulls’ post vaccination semen parameters data. The main 

difference in semen color between the bulls that failed to develop immunity and those that 

developed antibodies against vaccination, was a watery semen sample in a single animal in the 

vaccine negative group. Semen volumes ranged from 2.3 to 8.3 ml and 2.5 to 8.0 ml in the vaccine 

negative and vaccine positive animals respectively. Mean difference between the mean semen 

volumes of the vaccine positive minus the mean semen volume in the vaccine negative bulls was 

0.8667 ml. The two-tailed P value is 0.2405, considered not significant (t = 1.212; df = 19). Sperm 

concentration in the semen samples ranged from 301 to 2270 and 302 to 1345 per ml for the 

vaccine negative and vaccine positive bulls respectively. There was no significant difference in 

the sperm concentrations between the two animal groups (t = 0.9481, df = 19; P = 0.3550).  

Semen absorbance for the vaccine negative bulls ranged from 0.27 to 1.18 while in the vaccine 

positive animals the absorbance was between 0.3005 and 0.8615. Analysis of results indicated that 

the level of absorbance in the two animal groups were comparable (t = 0.8398, df = 19; P = 0.4115). 

The mean percentage of the sperm motility in the diluted semen was 81 ± 7 and 71 ± 13 in the 

vaccine negative and vaccine positive bulls respectively. The percentage sperm motility in the 

vaccine negative bulls was significantly higher than the motility in the vaccine positive bulls (t = 

35.878, df = 8; P < 0.0001). Sperm recovery post thawing in the vaccine negative group ranged 

from 35 to 65% while in the vaccine positive bulls the range was 25 to 70%. The post thaw sperm 

recovery in the vaccine negative bulls was significantly higher than the recovery in the vaccine 

positive bulls (t = 16.280, df = 8; P < 0.0001).  
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Figure 4.11: Relationship between semen parameters in bulls post vaccination.  Bulls were 

vaccinated against the FMD and their semen samples were analyzed and semen parameters were 

compared both for the animals that developed immunity and the bulls that failed to develop 

immunity against the vaccine.  

   

4.4 Performance of coconut water as a potential processing medium against Opticell commercial 

semen extender  

Following the processing of semen samples using coconut water and the preservation of the 

samples in liquid nitrogen, spermatozoa recovery showed promising results. Recovery (%) of 

spermatozoa from samples processed with coconut water ranged from 35 to 50% with an average 

of 43±5.2 while recovery of sperms from samples processed using the commercial semen 

processing extender, Opticell, ranged from 45 to 60% with a mean value of 48±7.5 (Figure 4.12). 

The mean difference between the two treatments was 5.833 with a 95% confidence interval of -
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2.511 to 14.178. The two- tailed t-test P value is 0.0595, considered not quite significant (t = 1.557, 

df = 10).    

  

  

Semen processing medium  
Figure 4.12: Percentage spermatozoa recovery from semen processed using coconut water 

and Opticell before preservation and recovery from liquid nitrogen.  Duplicate semen samples 

from six bulls were processed using coconut water and the commercial semen extender, Opticell 

before preservation in liquid nitrogen. Samples were recovered from liquid nitrogen and the 

percentage motility of sperms was analyzed. The Graphs represent the mean±SD of the percentage 

recovery of sperms from cryopreserved semen samples.  
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CHAPTER FIVE  

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS  

5.1 Discussion  

5.1.1 Protection status among bulls from a foot and mouth disease endemic and non-endemic 

region in Kenya  

In nature pathogens infect animals and while some of the infected animals can develop severe or 

fatal disease, others may develop mild or no symptoms at all. Some animals are naturally resistant 

to some diseases, and others become asymptomatic carriers.  The foot-and-mouth disease is a 

highly contagious infection (Kim et al., 2023) and is associated with huge loses in affected 

livestock (WOAH, 2023). In a disease non-endemic area, it is not common to find animals that 

have developed antibodies against a pathogen that is not available unless the animal was 

transferred from a distant disease endemic region. It is clear that if some animals in an area without 

disease are protected against the specific disease pathogen, then there could be an emerging 

disease.   

The findings that in the present study, varying numbers of cases of bulls having above minimum 

levels of antibody titres specific for the four FMD virus strains, indicates that the animals had been 

recently exposed to virus replication, implying infection. The emergence of a new FMD virus 

strain in a region where there is no reported prior disease occurrence or vaccination coverage is 

considered a great concern (WOAH, 2023). In the present study, the presence of circulating FMD 

virus strains in the disease non-endemic study area cannot be ruled out. This may call for further 

investigations to unravel the extent of disease emergence which could arise due to climate changes. 

The absence of reports of disease outbreaks in the FMD non-endemic region is obviously not due 

to natural resistance in the animals since only a small percentage of the bulls bore protective 
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antibody titre levels. In addition, virus strain O may be the most common but with all strains 

represented by at least one or more cases of seroprevalence, disease monitoring and surveillance 

should be initiated. On the other hand, with a protection level of 100% in all three other FMD 

virus strains apart from SAT 2 which had a protection level of 29%, it is clear that most animals 

in the disease endemic region have been naturally infected and able to develop immunity against 

infection as indicated by the high antibody titres found in the sampled bulls.  A recent study carried 

out on sero-epidemiology of FMD in Northern Pakistan reported a prevalence of 67% (Ullah et 

al., 2023) indicating a high natural protection level (high is 1.85- 2.41 log10, low > 1.36 log10). 

Thus, the development of natural protection can be high in a disease endemic area. Based on the 

findings in the present study, it would be important to carry out extensive studies to establish the 

extent of seroprevalence in a large cattle sample size because achievement of herd immunity to 

high levels may signify that vaccination is not necessary in disease endemic regions.    

5.1.2 Serology titre levels produced against FMD virus strains  

Vaccination against the FMD using a combined vaccine for the viral strains O, A, SAT 1, and SAT 

2 is expected to protect animals against each of the four viral strains. There is no cross protection 

between the various FMD viral strains infection (KEVEVAPI, 2021, WOAH, 2023, Kim et al., 

2023). It therefore, poses a challenge if the combined vaccine for FMD does not induce immunity 

against each of the viral strains. In the present study, the FOTIVAX TM (preparation containing 

chemically inactivated tissue culture derived FMD virus strains) combined vaccine appeared to 

achieve good protection status due to its ability to fully induced antibody titre levels above the 

minimum required threshold in at least 75% of the total vaccinated bulls.  However, it was not 

immediately clear why one vaccinated bull completely failed to produce  antibodies against any of 

the vaccine viral antigens. This remained a puzzle because it is not a common occurrence. It is 

likely that some animals may fail to respond to vaccination probably due to genetic factors or other 
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aspects that are yet to be investigated such as issues of vaccine delivery. The failure of 2 (16.6%) 

vaccinated bulls to produce protective antibody levels against the virus strain O while being fully 

protected against all the other strains calls for further investigation in order to establish if there is a 

need to repackage the vaccine antigens aimed at improving the composition contributed by the 

FMD virus strain O. This will ensure achievement of complete protection antibody levels for all 

the virus strains. There have been significant interests towards developing improved FMD vaccines 

and progress has been made by use of different approaches (Belsham, 2020).  Because the current 

inactivated vaccines provide protection for only 6 months, a different approach in vaccine 

development such as recombinant vector technology can probably achieve better longer duration 

and correlates of protection.  

5.1.3 Semen parameters in bulls vaccinated against FMD  

Vaccination against FMD is an important strategy to control disease spread and it has been 

documented that vaccination of cattle is enough to prevent disease transmission to other animals 

within a given stock (Bravo DE Rueda et al., 2015). In the production of semen for AI, quality 

standards are practiced and one strategy is to ensure that all bulls bred for sperm donation are 

vaccinated against the FMD. In Kenya a combined vaccine aimed to protect bulls reared for 

production of semen for AI against the four FMD circulating viruses including strain O, A. SAT 1, 

and SAT 2 is used (WOAH, 2023). The use of this vaccine is not expected to have any negative 

effect on semen parameters. In the present study, it was not very clear why a large number (44%) 

of the vaccinated bulls that failed to develop immunity following vaccinated produced watery or 

light creamy semen and the observation of 15% similar findings in the animals that seroconverted 

upon vaccination calls for more investigation on this aspect especially in larger number of samples.  
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While largely all the semen parameters for the two groups of vaccinated animals including the 

seroconverting and the non-seroconverting bulls following vaccination were within normal values, 

the observation that 25% of the vaccine positive compared to 11% of the vaccine negative bulls 

failed to achieve a normal sperm recovery post thawing, is worrying. The difference between the 

vaccine positive and negative bulls was the presence and absence of anti-vaccine antibodies 

respectively. Therefore, whether the presence of antibodies in a bull can have an effect that can 

influence sperms quality at any stage of semen processing, is a subject for further investigation. 

Furthermore, there are not available previous similar studies that can provide reference on this 

finding.  

5.1.4 Effect of coconut water as a potential semen processing medium  

The cost of artificial insemination services is largely dependent on the cost of semen processing. 

Semen extenders are important media that preserve sperms by stabilizing their properties, 

including sperm motility, morphology, and viability and DNA, membrane, and acrosomal integrity 

(Bustani and Baiee, 2021). Commercial semen extenders can be very expensive and this can slow 

down the uptake of AI services due to increased cost (Khatimah et al., 2021). Semen extenders 

are important component in semen processing. 

The comparable sperm recovery rate from semen processed using Opticell commercial extender 

and coconut water in the present study is an indication that coconut water can be potentially used 

as an alternative semen processing extender in place of the current expensive commercial 

extenders. Furthermore, semen extenders should provide adenosine triphosphate, anti-cooling and 

anti-freezing shock, favorable pH, and antioxidant activity in order to preserve the quality of 

semen for effective fertilization (Bustani and Baiee, 2021). The main goal in semen processing 
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and preservation is to achieve a high percentage of sperm recovery post thawing and indeed if 

semen samples processed with coconut water in the present study could achieve a recovery rate 

with high progressive motility, then it is appropriate to conclude that coconut water has the 

potential to be used as an alternative cheap semen extender in place of the current expensive 

commercial extenders. The research study used semen from quarantine bull’s station. 

   5.2 Conclusions  

i. In the FMD non-endemic region 23.8%, 10.3%, 2.56% and 7.69% of the bulls were 

protected against virus strains O, A, SAT 1, and SAT 2 respectively while in the FMD 

endemic region, All the sampled bulls were fully protected against strains O, A, and SAT 

1 and 29% of the animals were protected against the SAT 2 strain of the viruses.  

ii. The serological antibody titre levels produced against the FMD viruses ranged from 1.36 

to 1.51 at Log10 among the bulls farmed in the non-endemic region while in the disease 

endemic area the Log10 of the titre levels ranged from 1.85 to 2.41.  

iii. Among the FMD vaccinated bulls both seroconverting and non-seroconverting bulls 

showed 16.7% of the animals having light cream or watery semen. Both groups of bulls 

had most of the semen parameters falling within normal range (Normal above 1ml- 

KAGRC operating producer). However, the non- seroconverting bulls recorded 

significantly higher rate of semen motility and recovery as compared to the bulls which 

developed immunity against the vaccine.  

iv. Sperm recovery rates in semen processed with coconut water and in samples processed 

with the Opticell commercial extender were comparable.  
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5.3 Recommendations  

i.There should be monitoring and surveillance for FMD emergence in non-endemic regions. 

ii.. Animals farmed in FMD endemic regions may already have developed natural immunity and                     

as such do not require vaccination.  

iii. Base on the study and other related studies, Coconut water should be considered as a cheap and 

locally available medium for semen processing in place of the expensive commercial extender. 

5.4 Suggestions for further studies   

 

i Further studies should be carried out to establish if vaccine-induced antibodies against  

FMD vaccination have negative effects on sperms 

ii Studies using large sample sizes of animals in FMD endemic regions should be carried 

out to establish the extent of acquisition of herd immunity  

iii Investigations on differences in sperm quality should be carried out in FMD vaccinated 

animals particularly comparing parameters between seroconverting and non-

seroconverting bulls  

iv Investigations on nutrition and management practices should be carried out since can 

influence semen quality, quantity and concentration 

5.5 Limitations of the study 

The study used blood serum samples for FMD virus test using 7 animals (small size) from 

endemic region due to financial constrain. 
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