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Abstract

Coat colour mediates and determines the extent of heat load on the animal with light coloured animals
reflecting back most of the sun’s heat hence less heat load and stress. On the other hand, dark coloured
coats absorb more energy than the light coloured coats hence the former are likely to have higher thermal
stress. The Kenyan Boran breed of cattle is characterized by a wide range of colours which include white,
grey, golden, brown and red coat colours. However, the performance of different coat colour in terms of
early growth and male fertility traits has not been determined. The objective of this study was therefore to
assess coat colour variation and evaluate their effects on early growth and male fertility traits. The
research was conducted on Kenyan Boran breed kept at Beef Research Institute (BRI) Lanet. Data
collected included information on the animal’s identity, coat colour, pedigree, parity, date of birth and
weaning, birth weight, weaning weight, pre-weaning average daily gain and scrotal circumference, length
and width. Genetic variance and heritability estimates were determined using probit mixed model and
generalized linear mixed model. Variation in coat colour was evaluated using general linear model.
Results revealed mean birth weight, weaning weight, average daily gain, scrotal circumference, width
and length of 24.51 kg, 138.37 kg, 0.51 kg/day, 14.45 cm, 7.65 cm and 8.52 cm, respectively. Year of
birth was significant for growth and male fertility traits (p<0.001) Season of birth had a significant effect
on weaning weight and average daily gain (p<0.05). Colour of calf had a significant effect on average
daily gain and scrotal circumference (p<0.05). Brown and white calves had faster growth rates compared
to red calves whereas brown calves had larger scrotal circumference than white and mottled calves.
Colour of dam of calf influenced birth weight, weaning weight and average daily gain significantly
(P<0.05) where red dams gave birth to light calves but had higher weaning weight and pre-weaning daily
gain compared to brown and white dams. Dam weight at birth significantly (p<0.05) influenced birth
weight and average daily gain whereas weaning age had a significant effect on weaning weight. The
significant effect of coat colour of calf or dam on growth and male fertility traits should be accounted for
when estimating performance of animals in beef cattle.

Keywords: Coat colour, male fertility traits, Kenya Boran cattle

1. Introduction

The Kenyan Boran cattle is a Bos indicus breed kept primarily by pastoral and agro-pastoral
communities for beef, subsistence milk production and traction in the ASALSs of the country
(Rewe et al., 2009; Mutembei et al., 2015) 6 281, The breed’s genetic make-up comprises a
complete blend of the founding genotypes, namely the local Zebu (Bos indicus) (64%), near
East-European Bos taurus (24%) and native African Bos taurus (12%) (Abin, 2014) Bl The
Kenyan Boran breed of cattle is characterized by a wide range of colours that include white,
grey, golden, brown and red coat colours (Haile et al., 2011) 1. Animal’s coat colour is an
adaptive trait of great importance as it affects their behaviour, existence and performance in
different environments with varying climatic conditions (Ahmed et al., 2015, Koseniuk et al.,
2018) > %I This is because an animal’s ability to maintain body temperature or dissipate
excessive heat to the surrounding environment depends on the morphological characteristics of
hair coat (Mcmanus et al., 2011) 261, As solar radiation lands on the coat, coat colour mediates
and determines the extent of heat load on the animal. The coat colour of an animal has been
directly related to the amount of solar radiation that is absorbed or reflected, and therefore the
heat exchange between the animal and the surrounding environment (Abdoun et al., 2013) [,
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In zones of extreme temperatures, animals with dark coloured
coats absorb more energy than the light coloured coats hence
the former are likely to have higher thermal stress.

Heat stress leads to decreased growth, production and
reproduction, compromises immunity making animals
susceptible to diseases and may even result in animal’s death
(Sarangi, 2018) 38 and negatively affects milk quantity and
quality (Pragna et al., 2017) ¥l Many studies have
demonstrated the importance of coat colour in influencing
livestock performance in tropical zones, especially ASALSs
(Ahmed et al., 2015; Decampos et al., 2013; Foster, 2009) >
13,151 A study on heat tolerance traits of extensively reared
goats of different coat colours revealed that white goats are
more tolerant compared with goats of other coat colours
(Adedeji, 2012) ™. Cattle with lighter and thinner coats
presented higher milk yields compared to their darker
counterparts among the Tharparkar breed in India (Prabhakar
etal., 2018) [¥2,

Genetic parameter estimates are essential for the
implementation of breeding programmes as well as in
assessing the progress of ongoing programmes (Liu et al.,
2016) 4, Traits of economic importance in animals are of
great concern to a breeder. Such characters are controlled by
genes carried by the animal coupled with environmental
effects (Baye et al., 2011) 1, The traits that are considered in
beef cattle breeding programmes mainly include production
and reproduction traits. Heritability and variance components
of these traits have been evaluated forming the basis of
current breeding programmes. However, health, management,
adaptation and fitness traits are gaining significant
consideration in the current breeding programmes.

Animal’s coat colour is a fitness and adaptive trait that suits
different animal species to the environment through
camouflage, thermal adaptation and for aesthetics. Genetic
parameter estimates for coat colour have been investigated in
some species and the estimates varied from low through a
medium to high heritability (Kasarda et al., 2016; Prayaga et
al., 2009) 2% %1 The wide range of heritability estimates
confirms the complexity with which coat colour is inherited.
The original Boran cattle from which the current breed was
derived were white-grey in colour (Okeyo et al., 2005) B,
However, over time and through selection for improvement in
growth and milk production performance, a wide range of
colours aforementioned to date exist, all of which are
accepted by the Kenyan Boran Cattle Breeders Society
(BCBS). The genetic extent of this variation and its genetic
parameters are unknown. The current study therefore
envisaged to unravel the current scope of coat colour
variation, variance components and the heritability estimates
of the Kenyan Boran cattle to enable its inclusion in
developing breeding programmes.

2. Methodology

2.1 Data source

The research was conducted in Beef Research Institute (BRI)
Lanet, situated in Nakuru county of Kenya. The Institute is
legally mandated with breeding and maintenance of an elite
nucleus of the Kenyan Boran breed. Cattle were raised on
natural pasture and kept in pasture fields throughout the day.
Cow-calf system was practiced and weaning was done at
seven months. Selection of breeding animals was done at
weaning and at 24 months based on physical appraisal of
growth performance and conformation. Natural mating was
practiced. The best heifers in terms of performance and
conformation were put in stud herds as a replacement while
good heifers were put to commercial herds to breed stock for
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sale and slaughter. Animals with poor conformation contrary
to Boran Cattle Breeders Society’s (BCBS) standards were
culled.

2.2 Data Collection

The performance records belonged to 1845 Kenyan Boran
cattle born between 1999 to 2021. Data collected included
information on the animal’s identity, animal’s coat colour,
pedigree, date of birth and weaning. For each animal, coat
colour was classified into red, brown, mottled, grey or white.
Information on each animal in the 5 colour groups included
identification number, calving date, age at first calving, birth
and weaning weight. Included also was date of birth, date of
weaning and parity.

2.3 Data Analysis

2.3.1 Effect of fixed factors on performance

Traits studied included birth weight, weaning weight, pre-
weaning average daily gain and scrotal circumference, length
and width. Variation in coat colour was assessed using
general linear model procedures using SAS software. The
model equation was:

Y,

ijkim =,u+xi+aj+sk+m|+e

ijkim

Where Y.

ijkim = trait studied; £ = overall population mean

value; X; = effect of i" sex; @; = effect of j" age; S, =
effect of k™ season of birth; m, = effect of I'" year of birth and

€ijum = error

2.3.2 Estimation of genetic parameters for coat colour
Genetic variance and heritability estimates were determined
by use of probit mixed model. A generalized linear mixed
model was used with probit link to model the outcomes. The
general form of the model was:

Pr (Yijklm

=1)=6(,U+a, +bj +Ck +S| +dm+eijklm)

Where Pr (Yijklm = 1) denotes the probability of animal’s coat

colour phenotype, 0 is the cumulative normal distribution
function, which is the probit link between the linear predictor
on the right-hand side to the probability for a specific
outcome on the left-hand side, £¢ is a fixed model-intercept,

a. is the fixed effect of sex i, bj is the fixed effect of age j,

C, is the fixed effect of season k, S, is the random effect of

sire I, d_is the random effect of dam m and eijk|m is the

random residual error.

Random effects were collected in vectors to specify the
variance covariance structure. These vectors, all sire and dam
effects (vector u) and all residual errors (vector e) were
inserted in the following matrix:

AO'U2 0
o |
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Where A was numerator-relationship matrix between sires and
2

dams, | was the identity matrix and % was variance
components associated with parental effects. Heritability was
computed using variance component estimated from parental
effects using the following formula:

2
4o

207 +1

This is because parental effects models only ¥ of genetic
variance (hence the need to multiply by 4) and this was
divided by the total variance. Genetic variances and
heritability were evaluated for all the colors.
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3. Results

The mean birth weight, weaning weight, average daily gain,
scrotal circumference, width and length were 24.51 kg,
138.37 kg, 0.51 kg/day, 14.45 cm, 7.65 cm and 8.52 cm,
respectively (Table 1). Year of birth was significant for
growth and male fertility traits (p<0.001) (Table 1) whereas
season of birth had a significant effect on weaning weight and
average daily gain (p<0.05). Colour of calf had a significant
effect on average daily gain and scrotal circumference
(p<0.05). On the other hand, colour of dam of calf influenced
birth weight, weaning weight and average daily gain
significantly (p<0.05). Dam weight at birth significant
influenced birth weight and average daily gain whereas
weaning age had a significant effect on weaning weight
(Table 1).

Table 1: Effect of fixed factors on juvenile growth traits in Kenyan Boran

Trait
Effect Birth weight, kg Weaning weight, kg ADG, kg/day | SC,cm | SW,cm | SL,cm
SEX ns *kk *% - - -
Year Of birth *k*k *k*k *kk *kk *kk *k*k
Month of birth Fkx ns * *
Colour of calf ns ns il * ns ns
Colour of dam * *x *x ns ns ns
Dam weight at birth * ns ** - - -
Dam weight at weaning - ns ns - - -
Weaning age - * - - -
Parity ns ns ns ns ns ns
R? 0.11 0.39 0.48 0.54 0.35 0.16
Mean 24.51 138.37 0.51 14.45 7.65 8.52
CV, % 10.19 17.40 28.59 20.94 31.56 52.25

Ns=Not Significant; *, ** and *** mean that the effect was significant at p<0.05, 0.01 and 0.001, respectively; SC=scrotal circumference;
SL=scrotal length and; SW=scrotal width; ADG=pre-weaning daily gain

Least square means for growth and male fertility traits for
each coat colour category are given in Table 2. In the analysis
of coat colour, white animals accounted for 17.8% of the
population, while grey, brown and red colored animals were
44.9%, 26.5% and 10.7%, respectively. The body weight at
birth, weaning and scrotal circumference, width and length
associated with different coat colour types are also shown in
Table 2. White calves were significantly heavier at birth
(p<0.05) compared to brown and red calves which had

similar birth weights. At weaning, coat colour of calf did not
influence body weight (p>0.05). At weaning, white and
brown calves had similar body weights which were
significantly higher (p<0.05) than that of red calves. Coat
colour of calf had no effect on scrotal characteristics (p>0.05).
To investigate the interaction between coat colour of dam and
that of the calf, least square means for different colour
combinations of the dam and calf were estimated.

Table 2: Least square means + standard error for growth traits for different coat colours of calves and dams in Kenya Boran Cattle.

Trait | Birthweight, kg | Weaningweightt kg | ADG,kg/day [ SC,em | SL,em | SW,cm
Colour of calf
White 22.76+0.89 149.12+8.7 0.61+0.05? 8.18+1.14 | 14.63+0.78 8.01+0.62
Brown 23.18+0.88 151.00+ 8.6 0.62+0.052 8.42+1.15 | 15.13+0.78 7.75+0.62
Red 23.42+0.89 148.00+8.8 0.54+0.05° -
Mottled - - - 8.23+1.15 | 16.69+1.02 8.45+0.82
Colour of dam
Brown 23.58+0.85? 152.27+8.292 0.59+0.05% 8.25+0.77 | 15.39+0.52 7.09+0.42
Mottled 22.50+1.092 133.82+10.40P 0.51+0.06° 8.04+1.67 | 15.05+1.13 8.15+0.90
Red 22.77+0.91° 159.04+9.042 0.67+0.06 ¢ - - -
Grey - - - 8.07+3.32 | 16.15+2.26 10.22+1.80
White 23.67+0.862 152.32+8.422 0.60+0.052 8.76+0.85 | 15.32+0.58 6.83+0.46
Colour of dam x calf
Brownbrown 22.940.92 162.749.2
BrownRed 23.9+1.12 151.0+11.7
BrownWhi 23.1+1.02 160.6+9.3
Mottled 22.2+41.12 143.4+11.1
RedBrown 23.6+1.02 148.849.5
RedRed 22.7+1.02 165.5+9.6
RedWhite 245+1.1P 176.7+11.1
WhiteBro 22.6+1.02 159.6+9.3
WhiteRed 22.7+1.12 167.4+10.9
whitewhite 22.5+1.02 158.9+9.4

Within column, means with different superscript are different at p<0.05; SC=scrotal circumference; SL=scrotal length; SW=scrotal width;

adg=pre-weaning daily gain
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White calves born of red dams had significantly heavier birth
weight (p<0.05) than calves born all the other dams, whereas
brown calves of red dams were significantly heavier (p<0.05)
than red calves born of red dams. Brown red calves were
significantly heavier than red-white calves (p<0.05). For
weaning weight, white calves born of red dams had the
highest weaning weight (176.7+11.1), which was significantly
different (p<0.05) all the other dam-calf colour combinations
but was similar to red calves of white dams (167.4+10.9) and
red calves of red dams (165.5+9.6). White calves had higher
significantly higher weight (p<0.05) at weaning and yearling
compared to brown and red calves. However, coat colour did
not have any effect on birth weight (P>0.05). The phenotypic
for coat colour for the Kenyan Boran was 3.74 with the
genetic variance being 1.67 and a residual variance of 2.07.
The heritability estimate was 0.53+0.11.

4. Discussion

Coat colour in cattle has been shown to influence body
weight, body condition score and thermos-physiological
variables (Katiyatiya et al., 2017; Prayaga et al., 2009) [?2 341,
In the present study, brown or red calves performed better
than grey, white or mottled calves for birth, weaning, and pre-
weaning daily gain traits. In a study among Boran and Nguni
cattle in South Africa, red animals were also reported to have
higher body weight, body condition scores, whereas white-red
cattle had the highest rectal temperature or neck temperatures
and higher body weights than light coloured animals, (Gwelo
et al., 2015; Katiyatiya et al., 2017) 8 221, Heavy body weight
under high ambient temperatures as the case in the hot tropics
and ASALs may be a disadvantage under conditions of
elevated temperatures because heavier animals have the
tendency of losing heat at a lower rate due to reduced surface
area (Castanheira et al., 2010) (2, Light coat coloured cattle
tend to have longer grazing behaviour and subsequently,
growth (Giblert & Bailey, 1991) 1, Other studies have
reported effect of coat colour on reproductive performance,
physiological variable and milk yield in Holstein cows
(Anzures-Olvera et al., 2019; Isola et al., 2020) (620,
Heritability of coat colour in the current study based on an
ordinal scale of 1=white to 5=red was found to be 0.52+0.11
and high like that of 0.61+0.12 reported by Prayaga et al.
(2009) %1, Other studies based on a similar scoring method
reported estimates ranging from 0.42 to 0.61 for tropical cattle
(Burrow, 2001; Prayaga & Henshall, 2005) ' 34 and boxer
dogs (Nielen et al., 2001) 121, Heritability estimates for coat
colour in cattle have also been reported on the C*a*b* scale
(Kasarda et al., 2016) 211, This scale measures the inheritance
of the lightness of colour, shade and saturation. For the
Slovak Pinzgau cattle, heritability of lightness, shade and
saturation was reported to be 0.24, 0.57 and 0.17,
respectively. Coat colour is recognized to be under the control
of a few major genes (Olson, 1999) B4 with moderate
heritability.

Acute heat stress has a negative effect on the cow's well-
being. In response to environmental stresses such as heat
stress, animals change their physiology through higher heart,
breathing and respiration rates, increased sweating, increased
core body temperature as well as other metabolic and
endocrine-system changes which are important to well-being
and productivity (Wheelock et al., 2010) %, Sustained high
ambient temperatures increase beyond an animal’s comfort
zone leads to impaired feed intake (Wheelock et al., 2010) 140,
post-pradial partitioning of nutrients (Baumgard & Rhoads,
2013) Bl metabolism (Rhoads et al., 2009) 71, reduction in
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milk yield (Bohmanova et al., 2007; West et al., 2003) [0 34
and milk components (Garner, 2017) 81, poor reproduction
(Mellado et al., 2013) 7 and reduced growth (Lo6pez et al.,
2017) B3 The current study has demonstrated significant
differences between coat colours for birth and weaning weight
and average daily gain. This means that among other
mitigating strategies, coat colour of the dam or animal can
therefore be used to modulate performance in beef cattle. The
ability of an animal to adapt to environmental conditions
influences its heat tolerance capabilities (Barbosa et al., 2014)
[, The Light or grey coloured animals are able to reflect 50%
to 60% of direct solar radiation compared to darker animals
(Abdulrahman et al., 2019; Degafa, 2016) [ I granting them
an advantage in the hot tropics.

5. Conclusion

Coat colour of calf had a significant effect on average daily
gain and scrotal circumference at weaning whereas coat
colour of dam significantly influenced birth weight, weaning
weight and average daily gain. Calves with brown or white
coat colour had faster growth rates compared to red calves.
Brown calves has significantly larger scrotal circumference
than white and mottled calves. Calves born of red dams had
significantly lower birth weight and higher weaning weight
and pre-weaning daily gain. Therefore, coat colour of calf or
dam need be considered when mitigating heat stress and
estimating performance and male fertility in Kenyan Boran
cattle.
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