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Abstract
The beta-casein gene is one of the most functional genetic candidate that affect milk quality and
composition traits. Among its variants, the A1/A2 are the most common. Therefore, the aim of this study was
to identify the distribution of the Beta-casein gene variants (A1/A2) in three different cattle breeds in order to
determine which of the breed produce a better milk for consumers’ health.
152 blood samples which comprises 72 (Muturu), 40 (Azawak) and 40 Girolando were used to carry out this
study. Genomic DNA was extracted from the blood samples and each variant was subsequently amplified
from the extracted DNA samples using an Allele-Specific PCR technique and then confirmed by running the
PCR products on 1% agarose gel.
The result showed that there were three genotypes (A1A1, A2A1 and A2A2) in the three breeds. The
average percentage genotypic frequencies obtained from this study were 42.76%, 31.58% and 25.66%
respectively for A1A1, A1A2 and A2A2 genotypes while the percentage allelic frequencies were 58% and
42% respectively for A1 and A2 allele. The genetic parameters of Azawak breed were higher than that of
the other breeds, what implies that there was a higher polymorphism and genetic diversity in the Azawak
breed in the beta-casein gene compare to the other breeds.
The A2 beta-casein variant in milk has been found to be desirable for milk consumer’s health and nutrition.
This study therefore showed that the Azawak breed provides a good potential for increasing this favorable
allele through appropriate breeding techniques of cattle.
Keywords: livestock, marker-assisted selection, milk, quality, one health, therapeutic value
1. Introduction
Cattle production is an important component of the gross domestic product (GDP) of Benin as a country.
They provide products such as beef and milk which contribute more than 50% of the annual gross domestic
income of the country (Anihouvi et al., 2019; Toko et al., 2015). Bovine milk is a nutrient-rich liquid food
which serves as a source of high-quality protein and minerals such as calcium, magnesium and phosphorus
(Hanusová et al., 2010). Due to their nutritional properties, milk proteins are considered as one of the most
valuable components of the human diet.
The cow milk protein components such as Alpha-casein, Beta-casein, Kappa-casein, Beta-lactoglobulin and
Alpha-lactalbumin are included in the quality-based assessment of many dairy companies as well as in the
selection indexes of different breeds of cattle (Volkandari et al., 2017; Franzoi et al., 2019). The beta-casein
constitutes up to 45% of bovine milk total casein and presents 12 genetic variants (A1, A2, A3, B, C, D, E,
F, G, H1, H2 and I). However, variants A1 and A2 are the most important and common variants in dairy
cattle breeds (Massella et al., 2017). They differ in amino acid position 67 with histidine (CAT) in A1 and
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proline (CCT) in A2 variant. This is as a result of a single nucleotide difference in the sequence of exon VII
of bovine beta-casein gene (Raynes et al., 2015).
The beta-casein gene is one of the most functional genetic candidate that affect milk quality and
composition traits in cattle. It is primarily involved in the cheese-making process and also during curd
firming period (Amalfitano et al., 2019; Čítek et al., 2020; Saha et al., 2020). Recent studies that focused on
the A1 and A2 beta-casein polymorphic forms associated the A1 variant with adverse effects on human
health (Daniloski et al., 2021; Kaskous, 2020). The studies imply that the proteolytic digestion of the A1
variant normally produced the beta-casomorphin 7 (BCM-7) which is associated with diseases such as type
I diabetes mellitus and cardiovascular diseases such as Ischaemic heart disease and it could also be
responsible for milk protein intolerance in some individuals. Furthermore, the BCM-7 appears to be
implicated in the severe form of certain diseases such as autism, schizophrenia and Sudden Infant Death
Syndrome (Parashar & Saini, 2015; Şahin et al., 2018). However, the consumption of milk with a high
proportion of the A2 variant can be associated with some health benefits and can also improve the
digestibility of milk in the human body system (Bell et al., 2006). It is therefore suggested that the selection
of cattle with only the A2 variant of the beta-casein gene may have a positive impact on human health with
little or no negative effect on milk yield and composition from the cattle (Cieślińska et al., 2019).
In Benin, milk and milk by products, particularly the local milk cheese popularly known as “Wagashi Gasire”,
the milk based local beverage also popularly known as “Degue” and the milk curd are highly appreciated and
consumed by the people. However, to the best of our knowledge, there is no research on the genomic analysis
of the major bovine milk proteins genes in the country. Therefore, the objective of this study was to determine
the frequency of beta-casein gene variants (A1/A2) in some selected local and conventional cattle breeds in
Benin. This is in order to generally contribute in the improvement of milk production and milk consumer’s
nutrition and health.
2. Material and Methods
2.1 Experimental Site and Design
Blood samples were collected in 10 ml Sodium-EDTA vacutainers from 72 Muturu, 40 Azawak and 40
Girolando cattle (Figure 1). The animals were chosen according to their age and sex what explain the
variation in sample size between study sites. Indeed, to minimize sex and age effect, only cows of 3 to 5
years old were selected. The age of the animals was determined using the method of Torel et al. (2003).
These animals were reared in similar conditions at Samiondji (Southern Benin), Opkara (Northen Benin)
and Kpinnou (Southern Benin) state owned farm respectively. The southern regions of Benin receive two
seasons of rainfall from March to July and September to November with an average rain fall of around
1,200 mm. The dry seasons extend from August to September and from December to March (Haggett,
2002). The northern regions of Benin, in general, receive one season of rainfall from May to September.
The average temperature from April to June reaches 40 °C, while the average temperature between
November and March ranges between 12 and 25 °C (Haggett, 2002).
The blood samples were collected from the jugular vein upon the approval of the Directorate of Husbandry.
The samples were properly labeled and immediately transported to the Research Unit of Communicable
Diseases of the University of Abomey-Calavi and stored in -20 °C freezer before analysis. During sampling,
the animals were handled humanely to avoid pain and discomfort. Genomic DNA was extracted from the
whole blood according to the manufacturer’s instructions by using the DNA extraction kit (ZymoBead™
Genomic DNA Kit, D3004, United States) developed by Zymo research group. The extracted DNA was
identified by electrophoresis on 1% agarose gel. The purity and concentration of the DNA were also carried
out with QubitTM 4 fluorometer (Thermo fisher Scientific, Singapore) according to the manufacturer’s
instructions.
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Figgure 1. Cattle breeds (A = A
Azawak; B = Muturu; C = G
Girolando)
2.2 Genotyyping
An allele specific-polym
merase chain reaction (AS
S-PCR) was pperformed to amplify a fraagment of 854 bp
including part of intron 6 and exon 7 of the Beta ccasein gene. A
Allele-specific PCR is a reliaable less expen
nsive
technologyy used worldw
wide in SNP geenotyping. It hhas already beeen used to deteect mutation ppoints in DNAs and
in DNA-bbased diagnosttic techniques including thee diagnostic off genetic and infectious diseases (Ugozzo
oli &
Wallace, 11999; Soleimanni et al., 2003; Gaudet et al.., 2009; Lin ett al., 2020; Maalakootikhah ett al., 2021). Prrimer
pair 5’-GC
CC CAG ATG
G AGA GAA G
GTG AGG-3’//5’-GAT GTT TTG TGG GA
AG GCT GTT
T AT-3’ and prrimer
pair 5’-GA
AT GTT TTG
G TGG GAG GCT GTT AG
G -3’/5’-GCC
C CAG ATG A
AGA GAA G
GTG AGG-3’ were
synthesizee to amplify vaariant A1 and variant A2 off the CSN2 geene respectivelly. These prim
mers were teste
ed by
previous aauthors and theeir robustness and discriminnant power waas proved (Keeating et al., 20008; Rahimi et
e al.,
2015). Thee PCR reactionns were carrieed out in a 25 µl volume conntaining 12.5 µ
µl of PCR Maaster Mix (One
e Taq
quick loadd Bio lab, Belggium), 4.5 pmool of each prim
mer, and 40 ng of template DN
NA. The PCR conditions we
ere as
follows: ann initial denatuuration step at 94 °C for 5 m
min, 30 cycles oof 94 °C for 1min, 62.1 °C ffor 1min, 72 °C for
1min, and a final extenssion step of 722 °C for 10 minn. All the PCR
R reactions in this study werre performed in the
VWR® UN
NO Thermal cyycler.
Amplificattion was conffirmed by runnning the PCR
R products onn 1% agarose gel and visuualized with a Gel
Documenttation System (Ultra-Violet Products Ltdd., United Kinngdom). The P
PCR reaction was performe
ed in
simplex annd any time a particular alllele is not am
mplified from
m an individuaal DNA; the w
whole process was
repeated 2 more times too make sure thee obtained resuult characterizes the individuual.
2.3 Statistiical Analysis
The genettic variation parameters
p
whhich includes ggenotypic freqquencies, allellic frequenciess, Hardy-Wein
nberg
equilibrium
m (HWE), genne homozygosiity (Ho), genee heterozygositty (He) and eff
ffective allele nnumbers (Ne) were
estimated using the Matthematical moodel of (Nei & Roychoudhuury, 1974) andd (Nei & Li, 1979). The sam
mples
size used to carry out thhis study was considerably up to the exppected standarrd as describedd by Willing et al.
(2012) for the estimationn of the geneticc diversity of tthe studied breeeds of cattle.
3. Results
The PCR pproducts of thhe Beta-casein gene were obttained using a specific set oof primers withh 854 bp fragm
ments
indicating the presence of either A1 or A2 variantts according tto the primer fragments useed in the PCR
R mix
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reaction (F
Figure 2). Threee different geenotypic bandss were shown oon the agarosee gel, namely A
A1A1 homozy
ygote,
A1A2 heteerozygote andd A2A2 homozzygote bands. The A1A2 heeterozygote caandidates weree candidates whose
w
genomic D
DNA exhibitedd the same 8554 bp fragmennt from each oof the two paiirs of primers used. The ge
enetic
diversity oof the locus was
w then calcullated as indicaated in (Tables 1 and 2). Thhe average perrcentage genotypic
frequenciees obtained from this study w
were 42.76%, 331.58% and 255.66% respectively for A1A11, A1A2 and A2A2
A
genotypes while the perrcentage allelicc frequencies were 58% andd 42% for A1 and A2 allelee respectively.. The
comparisoon within breeds revealed thhat the percenttage genotypicc frequencies obtained for M
Muturu breed were
42%, 39%
% and 19% foor the A1A1,, A1A2 and A
A2A2 genotyype respectivelly, while the percentage allelic
a
frequenciees were 61% and
a 39% for A
A1 and A2 alllele respectiveely. Concerninng the Azawakk breed, the A1A1,
A1A2 andd A2A2 genottypes frequenccies were 25%
%, 30% and 445% respectiveely, while thee percentage allelic
a
frequenciees were 40% annd 60% for thee A1 and A2 allele respectively. Percentagge genotypic frequencies obta
ained
for Girolanndo breed werre 63%, 20% aand 17% for thhe A1A1, A1A
A2 and A2A2 genotype resppectively, whille the
percentagee allelic frequeencies were 722% and 28% foor A1 and A2 aallele respectivvely (Table1). He, Ne of Aza
awak
breed weree the highest (Table
(
2), this implies that thhe polymorphiism and genetic diversity off the Azawak breed
b
were higheer compare wiith the Muturuu and Girolando breeds. The χ2 test showedd that genotype distribution in all
the breeds agreed with Hardy-Weinber
H
rg equilibrium
m (P > 0.05).

Figure 2. Agarose gel separation
s
show
wing 854 bp frragment whichh indicates eithher the presencce of variant A1 or
variant A
A2 according too the pair of prrimer used. 1, 44, 6, 7, 10 = A1/A1 individuaals; 3, 5, 9 = A
A2/A2 individu
uals;
2, 8 = A
A1/A2 individuuals
Note. M: L
Ladder 100kb, NC: Negativee control.
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Table 1. Genotype and allele frequencies in the Beta casein gene locus of the targeted breed
Breed

Number of individuals

Muturu
Azawak
Girolando
Total

72
40
40
152

Genotype Frequencies
A1A1
A1A2
A2A2
0.42(30)
0.39(28)
0.19(14)
0.25(10)
0.30(12)
0.45(18)
0.63(25)
0.20 (8)
0.17(7)
42.76(65)
31.58(48)
25.66(39)

Allele Frequencies
A1
A2
0.61
0.39
0.40
0.60
0.72
0.28
0.58
0.42

Table 2. Population genetic indices in the Beta casein gene locus of the targeted breed
Breed
Muturu
Azawak
Girolando

Ho
0.53
0.52
0.60

He
0.47
0.48
0.40

Ne
1.90
1.92
1.66

χ2 (HWE)
2.38
5.62
9.37

Hardy-Weinberg equilibrium (HWE), gene homozygosity (Ho), gene heterozygosity (He), effective allele
numbers (Ne).
4. Discussion
The observed dominance of A1 variant of the beta-casein gene in Muturu and Girolando breeds in our study is in
agreement with some previous findings. A1 has been found to be the most frequent variant in; Ayrshire
(0.432-0.720), Red cattle (0.710), Pinzgau breed (0.5618) and the Black-and-White breed (0.550) (Cieślińska et al.,
2019; Kamiński et al., 2007; Miluchová et al., 2014). In contrast, a higher frequency of A2 was observed in
Azawak breed as it was the case of Vrindavani crossbred (0.650) and Sahiwal breed (0.940) (Kumar et al.,
2019).Similar findings were also observed in Guernsey breed (0.880-0.970), Jersey breed (0.490-0.721), Italian
Holstein Friesian breed (0.6065), Simmental breed (0.758), Slavonian-Syrmian Podolian cattle breed (0.673),
Istrian cattle breed (0.733), Brown Swiss breed (0.675), Busa cattle breed (0.653) and the Kermanshah cattle breed
(0.618) (Ivanković et al., 2021; Kamiński et al., 2007; Rahimi et al., 2015; Sebastiani et al., 2020).
Based on literature, most of the studies carried out on the A1/A2 polymorphism of the beta-casein gene on exotic
western cattle breeds have shown that the allelic frequency of the A2 variant is significantly higher than that of the
A1 variant. This could be as a result of the selection method which favours one genetic variant in these countries
over the years. Indeed, in the past three decades, casein have drawn a special interest and attention to scientists and
dairy consumers due to the potential relationship between beta-casein genotype of the bovine milk protein and the
health of cow milk consumers (Daniloski et al., 2021; Joshi et al., 2021; Park & Haenlein, 2021). Therefore, it has
been reported that the beta-casomorphin-7 (BCM-7) generated from A1 variant bovine milk causes human health
hazards. This is because it has been shown to have potentials in influencing a variety of opioid receptors in the
endocrine, nervous and immune systems which result in gradual adverse development of some depilating human
ailments such as diabetes, heart diseases, schizophrenia and autism (Daniloski et al., 2021). On the other hand, no
relationship in previous studies has been found to link the presence of the A2 variant in the cow milk that results to
any form of protein allergy or health problems (Priyadarshini et al., 2018). Recently, Cuevas et al. (2021) reported
that the A2 variant has the possibility of extending the shelf-life of milk and other dairy products and it also has a
high anti-oxidant activity than the A1 variant. Moreover, some authors suggest that the A2 variant could be a
useful marker for the improvement of milk production traits, particularly for milk yield. Therefore, cow milk
containing the A2 gene variant has been recommended to be commercially marketed in some Western countries for
quite a long period of time now.
To the best of our knowledge, we have come to the realization that only quite a couple of studies to date have been
carried out in the characterization of the variability of the beta-casein gene in Africa. However, the overall low
frequency of the A2 variant observed in our study may be due to the evidence of an existing genetic variability for
milk quantitative trait loci in the targeted breeds. The inter-breed allelic frequencies difference observed in our
study is in agreement with the previous findings of Ibeagha-Awemu et al. (2004). Indeed, the authors reported a
relatively higher frequency of A2 variant in Bos indicus breeds compare to the Bos Taurus breeds from Cameroon
and Nigeria. The Girolando breed involved in our study is dairy cattle breed cross-bred in Brazil by crossing Gyr
cattle, a Bos indicus breed with Holstein cow, a Bos taurus breed. They were brought to Benin through a national
program aim at improving milk production. In an open grazing condition, they produced an average of 9 liters of
milk per day (Dossou et al., 2016). On the other hand, the Muturu cattle which are a Bos taurus breed are found to
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be distributed almost all-over West Africa. They are primarily bred for their ability to live and survive in the harsh
tropical climatic environmental condition (Adoligbe et al., 2020). However, they produce low milk quantity of 0.5
liters per day in average in an extensive breeding system. The Azawak breed on the other hand, is a West African
Bos indicus dairy cattle that originated from Niger and Mali. The average milk production of this breed is around
3.4 liters per day in an extensive breeding system (Ouédraogo et al., 2021).
From these three studied breeds of cattle, the Azawak breed showed the highest A2 variant frequency and also a
higher genetic variability of the casein gene locus. Previous studies conducted on the technological properties of
some selected cattle breed milk in Benin has shown the following fresh cheese yield values in a descending order:
28%, 27.6%, 24% and 18.4% respectively for the Borgou, Muturu, Azawak and Girolando cattle breeds (Kora,
2005; Tougan et al., 2018; Ouédraogo et al., 2021). The same authors also reported that the Azawak cow milk has
a high protein content and low-fat content. These results are in line with a previous literature that indicated a
negative relation of allele A2 on milk fat content but a positive relation on milk protein content. Although Ristanić
et al., (2020) reported a positive relation of allele A2 on both milk protein and milk fat. The highest percentage of
A1 variant observed in the Girolando breed in our study could partly be the result of mating of individuals that are
closely related genetically. In fact, many of the Girolando cattle from the original herd brought to the country, have
died due to their inability to cope with the harsh local tropical environmental climatic condition leaving a small
breeding stock from which has originated most of the Girolando cattle of the country.
5. Conclusion
Polymorphisms in candidate genes was found to be related to the economically important traits in cattle. The
Beta-casein gene has over the years been associated with milk production, milk composition, milk quality, cheese
production as well as curd production. This work studied the distribution of Beta-casein gene variants in three
cattle breeds reared in Benin. The results obtained indicated that, the A1 variant of the beta-casein gene dominates
the A2 variant in the studied cattle breeds except the Azawak breed which showed a greater rate of A2. Therefore,
the Azawak breed could be a better candidate to economically increase the production and the competitiveness of
small sized dairy farms in Benin. Our results could be the baseline for other up-coming studies that will focus on
the development of the quality, quantity and health benefit of cow milk produce in Benin and other neighboring
countries where these breeds are reared. However, it is necessary to expand the study database by including other
cattle breeds and also by enlarging the samples size. A robust data will therefore be generated and could be used to
initiate a breeding program with the aim of lowering the frequency of the A1 variant amongst the selected cattle
breeds while minimizing the risk of genetic diversity lost. Moreover, it is important to study the Beta-casein
polymorphism in combination with other polymorphic milk proteins, such as Kappa-casein and Beta-lactoglobulin
as they all have the tendency to influence the casein micelle structure and the overall milk properties and milk
products.
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