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Abstract— Lactoferrin (LTF) and Beta-lactoglobulin (BLG) are two significant candidate genes known to associate with milk
quality traits as well somatic cell count (SCC). In this study, the intron 3 of Lactoferrin and a region between exon 4 and intron
4 of BLG were chosen for genotyping with their relationships with milk quality trait and SCC. Results of PCR-RFLP have
shown several differences among genotypes of both lactoferrin and beta lactoglobulin genes. This study shows AA was
significant (P<0.05) lower than AB and BB, while as BB genotype was significantly different at (P<0.05) of beta lactoglobulin
gene was high than AA and AB genotypes. The genotypes AA and AB in LTF and AA and BB in BLG are suitable for selection
of milk quality. However, BB in LTF and AB in BLG have shown resistant mastitis among genotypes of crossbred dairy cows.
Lactoferrin genotypes in association with SCC, SCS and Milk yield were significantly differences at 5% (P<0.05). The study
reveals milk yields were high among all genotypes. Ayshire cross had the highest in AA genotype, followed by AB and the least
recorded in BB genotype. Guernsey had the highest milk yield in AB genotype and low in both AA and BB genotypes. There
were associations between SCC and SCS Friesian had high of level of SCC and SCS in AA and BB genotypes and AB genotype
was low. Guernsey cross had high level SCC and SCC in AA and AB genotypes and low in BB genotype. And, Ayshire had high
level of SCC and SCS in AA and low in BB genotype. Beta-lactoglobulin genotypes recorded high SCC, SCS and milk yields
across the three genotype frequencies. The study suggests that beta-lactoglobulin and lactoferrin are candidate genes that can
be used for selection against mastitis infections in a dairy herds.
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l. INTRODUCTION

The beta-lactoglobulin (BLG) gene is an acid-stable, amphiphilic, and a single chain polypeptide of 18kbp. It occurs in three
different forms: Tetrameric, octameric, and multimeric (Al Shabib et al., 2020). The gene comprises 10 -15% and 53 % of milk
and whey protein respectively (Alim et al., 2015). It is a whey protein commonly present in milk at normal pH (Alim et
al., 2015; Singh & Gallier, 2018). Beta-lacto globulin is one of the whey proteins and lipocalin present in cow milk. The
lipocalin protein adheres easily to several hydrophobic molecules. The Beta-lactoglobulin gene can bind iron through
siderophores, thus playing a critical role in fighting pathogens in milk. Therefore, it is a candidate gene associated with somatic
cell count and milk quality trait in bovines (Alim et al., 2015; Singh et al., 2015).

Beta-lactoglobulin gene inhibits the growth of common causative agents of mastitis such as Staphylococcus
aureus and Streptococcus spp. The action reduces the spreading rate of infections, which helps improve the quality of milk
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(Chaneton et al., 2010; Ateya et al., 2016). Due to its ability to influence the number of somatic cells in milk, the lactoferrin
gene is an appropriate novel candidate gene for selecting mastitis resistance in dairy herds (Martin et al., 2018).

The bovine lactoferrin gene belongs to the transferrin family (Firyal et al., 2017). The gene is a glycoprotein found in most
biological fluids such as saliva, bile, blood, milk mucous secretions, and tears (Chopra et al., 2013; Asadollahpour et al., 2016).
In bovines, the concentration varies between 0.02 and 17.8 mg/ml. The concentration can rise sharply with udder infection
(Zabolewicz et al., 2012; Sharma et al., 2015). The genomic DNA of this gene has a molecular size of 34.5kb (Dinesh et
al., 2015). The gene is secreted in milk during lactation by polymorph nuclear Neutrophils (Nanaei et al., 2016).

In bovine milk, the lactoferrin gene plays biological and physiological roles and is strongly correlated to Somatic Cell Count
(Cheng et al., 2008; Arnould et al., 2009; Pawlik et al., 2014). The concentration of protein in milk is determined by a number
of many factors, including parturition, lactation stage, days of involution, subclinical and clinical mastitis (Sharma et al., 2015).
The high concentrations of the lactoferrin gene in milk can be an indicator of milk quality and subclinical mastitis (Musayeva et
al., 2018). High concentrations are usually recorded in cows undergoing drying-off cows and mammary involution
(Zabolewicz et al., 2014).

The increased SCC results in a decline in the amount of the beta-lactoglobulin gene in milk (Litwi et al., 2011). The gene works
in an antagonistic manner to the lactoferrin gene, but both possess antibacterial effects. Therefore, the two genes can
complement the mammary gland immune mechanisms against bacterial infections (Chaneton et al., 2010; Singh et al., 2014).
SCCs monitor the general udder health, including subclinical mastitis in dairy cows (Singh et al., 2014). Early detection by the
farmer is essential because it can help them maximize their profits by reducing the cost of milk production and disease
control. Therefore, this study offers important insight into evaluation of the relationship between genes associated with milk
quality and Somatic Cell Counts in crossbred dairy cattle.

1. MATERIALS AND METHODS
2.1 Samples Collection and Genomic DNA Extraction

The Crossbred dairy cows which were recruited for the present study. Composed of all lactating cows from four genotypes of
Ayrshire, Friesian, Guernsey and Jersey. About 5ml of blood samples were obtained aseptically from the external jugular vein
of each of the 96 crossbred dairy cattle at Kanyariri Veterinary Farm (University of Nairobi) for DNA analysis. The samples
were drawn into vacutainer tubes containing EDTA as an anticoagulant.

The tubes were shaken gently to allow thorough mixing of the blood sample with anticoagulant (EDTA). They were then
placed in vertical position in a cool box at (-20°C) and transported to a Molecular Genetics Laboratory at the Department of
Animal Production College of Agriculture Veterinary Sciences, the University of Nairobi. The vacutainers were later
transferred to the deep freezer for storage at temperature of -21°C before DNA extraction. Prior to blood samples collection, a
total of the full quarters of the 38 lactating cows. These were examined microscopically for counts of somatic cells in the
microbiology Laboratory, Department of food Science and Nutrition, Faculty of Agriculture, University of Nairobi.

The DNA extraction was done using a QIAGEN Kkit. About 20ul of proteinase K was pipetted and added into the micro-
centrifuges tube. This was later followed by the addition of 200ul of the blood sample in the tube. The volume was adjusted
by adding 220ul of PBS buffer into the tube, followed by the addition of 200ul of AL buffer. The tube was vortexed for
Sminutes, transferred to the heating block, and incubated for 15 minutes at the temperature of 56°C. About 200uL of absolute
ethanol was added to the tube, mixed and thoroughly vortexed. The subsequent procedures were followed as per the
manufacturer instructions.

2.2 Polymerase chain reaction amplification and genotyping

The BLG genotypes were analysed using polymerase chain reaction restriction fragment length polymorphism (PCR-RFLP)
method. A 252 bp fragment of exon 4 (110 bases) and intron 4 (212 bases) were amplified with forward
GTCCTTGTGCTGGACACCGACTACA -3' and 5- CCCAGGACACCGGCTCCCGGTATAT-3". A 301bp fragments of
intron 4 of LTF gene was amplified with forward primer 5'- GCCTCATGACAACTCCCACAC -3, and reverse 5'-
CAGGTTGACACATCG GTTGAC -3'. The amplification reactions had a final volume of 25pL, which was aggregated as
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2uL (10x PCR buffer), 3uL (5x Q solution), 0.2pL of each primer, 0.4uL dNTPs mixture, 0.2uL Tag DNA polymerase, 15uL
Nuclease-free water, and 4uL DNA template (100ng/pL).

The reaction for (beta-lactoglobulin) were performed in a thermal cycler with the following conditions; initialization at 94°C
for Sminutes, denaturation at 94°C for 60 seconds, annealing of primers at 61°C for 60 seconds, extension at 72°C for 60
seconds and carried out in 30 cycles. The final extension performed at 72°C for 7 minutes, and PCR products were stored at
4°C.

For lactoferrin reactions were carried out in thermal cycler with the following conditions; initialization at 95°C for 5 minutes,
denaturation at 95°C for 60 seconds, annealing of primers at 57°C for 60 seconds, extension at 72°C for 60 seconds and carried
out in 35 cycles. The final extension for both genes was performed at 72°C for 7 minutes and PCR products were stored at 4°C
(Azam et al., 2017; Kaplan, 2018).

2.3 Screening of crossbred dairy cows for Mastitis and SCC

A total of 38 crossbred dairy cows were selected based on lactation, each of their udder quarters were screened for mastitis by
California Mastitis Test kit (Schalm, 1957). Each of the udder quarters were cleaned using 75 percent ethanol before collecting
5ml of milk samples aseptically into 10ml screw cupped tubes. These were then transported at -20°C to the Microbiology
Laboratory in the Department of Food Science and Nutrition, Faculty of Agriculture, University of Nairobi. Milk samples were
stored in a freezer at -21°C before they could be analyzed for Somatic Cell Counts.

A thin layer of milk samples were spread on slides, stained with an iodine solution as a basic dye and allowed to dry. These
slides were labelled to match samples’ containers identification numbers, each of these slides were placed on microscopic stage
and examined with a magnification of 100x independently, where leucocytes were appearing as dark spotted dots. These
leucocyte cells were counted directly as somatic cells and multiplied by thousand (Prescott and Breed, 1910; Ferronatto et al.,
2018). To obtain Somatic Cell Scores, SCC were log transformed using the formula (Rupp et al., 1999; Yuan et al., 2013).

SCS = Log, (—=_ + 3) 1)

100,000
2.4 Statistical analysis

The SCC data was analyzed using SPSS version 21.0. To calculate correlation coefficient, Tukey test was used for mean
separation of somatic cell count among crosses of dairy cattle, LSD and to test if there was a significant difference of breed
effect on mastitis resistant traits; CMT Scores were analyzed using one-way ANOVA (SPSS) at P<0.05 level of significance.
The models below were used in testing the effect of breed on SCC.

Yij=n+G;+ey 2

Where y;; the effect of the SCS is in the udder quarters, [ is the average for traits, G; is the breed’s effects, e;; represent the
residual error. The analysis of the association among the breeds with SCC that reflect mastitis susceptibility traits was solved
using the equation below;

Yij=u+G+p tey 3)

Where y;; is the observation of somatic cell count, u is the overall mean of SCC, G; and, p, were the fixed effect of breed and
the fixed effect of SCC respectively, and e;; residual error.

1. RESULTS AND DISCUSSIONS

The genotypic variants of both lactoferrin and beta-lactoglobulin were shown as explained below (Table 1). The study revealed
that the frequency of AA for Lactoferrin genes was significantly at (P<0.05) higher those of AB and BB, whereas in genotype
of beta-lactoglobulin shows that BB was higher than those AA and AB. This agreed with the findings of Singh et al (2014).
The genotypes AA and AB in LTF as well as AA and BB are suitable for selection of milk quality trait. However, BB in LTF
and AB in BLG could show more resistance against mastitis among genotypes of crossbred dairy cows (Ayshire, Friesian and
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Guernsey). The higher genotype frequency are more susceptible to udder infection which in turn amount to deterioration of the
quality of milk produced (Table 1).

TABLE 1
CALCULATED GENOTYPE AND ALLELE FREQUENCIES OF LACTOFERRIN (LTF) AND BETA-LACTOGLOBULIN
BLG GENES
Genes Genotype Frequency Allele Frequency
AA AB BB A B
LTF 0.559 (n=85) 0.329 (n=50) 0.112 (n=17) 0.724 0.276
BLG 0.316 (n =48) 0.223 (n=34) 0.461 (n=70) 0.428 0.572

The gene has multiple effects in milk, such as ferrous-binding, antimicrobial action, and inhibitory nature against
microorganisms. These properties play crucial roles in regulating the growth and multiplications of pathogenic agents and
maintaining milk quality against bacterial; this is agreed with (Ateya et al., 2016). Furthermore, the gene's inhibitory nature
reinforces mammary gland immune mechanics when the innate immune system is impaired and provides a faster, more
efficient, and timely defense against intra-mammary gland infections (Lukac et al., 2013). The innate immune responses act
against mastitis pathogens and reduce bacterial loads present in milk naturally. This gene plays a key role in addressing
challenges caused by mastitis and selecting for it can improve animal milk safety and increase milk production.

Table 2 &3, the study have revealed a significant associations of Somatic Cell Counts among the udders’ quarters of the three
crosses of dairy cows. These associations are important diagnostic tool to address matters related to milk quality and hygiene,
this was line with Nyman et al. (2014). The udder health status is one of the significant aspects in milk quality and yield this
statement agreed with finding of several researchers globally (Tarbal et al, 2020; Shraf et al., 2018). Malik et al, .2018, also
argued that in a dairy farm where milking processes are automated, a high level of somatic cell counts are recorded in milk
produced as compared those in local farms. An aged dairy cow previously exposed to several incidences of intra-mammary
infections also produces huge quantity of in milk as stated by Bhakat et al. 2019).

TABLE 2
RELATIONSHIPS BETWEEN THE LACTOFERRIN GENOTYPES WITH MILK QUALITY TRAIT AND SOMATIC CELL
COUNTS AMONG CROSSBRED COWS (AYRSHIRE. FRIESIAN AND GUERNSEY)

Genotypes (n)
Cows Traits
AA AB BB

Milk yield* 2545.97+121.912 2125.45+296.50? 2025.45+196.45

Ayshire SCC* 246.64+15.177°8 178.59+10.00882 174.67£13.212
SCS* 1.65+2.16 1.44+1.95% 1.43£1.95%

Milk yield* 2355.86+210.09 2456.40+205.21 2234.50+135.10

Friesian SCC* 245.64+14.145 200.64+11.156 245.69+12.543
SCS* 1.64+2.33 1.51+2.122 1.64+2.12

Milk yield* 2343.06+116.922 2405.02+197.68? 2225.34+290.59

Guernsey SCC* 235.55+£13.2562 235.78+12.180 195.78+14.3512
SCS* 1.61+2.248 1.61+21.242 1.49+2.33

Least Square (LS) means bearing superscripts in a row indicate statistically significant differences. * Significant at 5%

level of interval (P<0.05); SCC= Somatic Cell Counts and SCS = Somatic cell Scores
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TABLE 3

RELATIONSHIPS BETWEEN THE BETA-LACTOGLOBULIN GENOTYPES WITH MILK QUALITY AND SOMATIC
CELL COUNTS AMONG CROSSBRED COWS (AYRSHIRE. FRIESIAN AND GUERNSEY)

Cows Traits LR
AA AB BB
Milk yield* 2666.45+166.452 2477.34+198.04 2556.194+185.562
Ayshire SCC* 235.65+13.2142 200.55+14.512 215.45+13.4562
SCS* 1.61+1.552 1.51+1.782 1.55+1.942
Milk yield* 2556.45+186.128 2456.45+160.45 2667.54+146.232
Friesian SCC* 260.44+14.5232 235.96+12.134 245.56+13.4452
SCS* 1.69+2.852 1.61+2.652 1.64+2.56
Milk yield* 2445.67+159.81° 2678.68+196.40? 2784.14+156.028
Guernsey SCC* 245.55+12.6212 212.74+12.114° 212.25+12.412°
SCS* 1.64+2.672 1.54+2.45° 1.54+2.52°

Least Square (LS) means bearing superscripts in a row indicate statistically significant differences. * Significant at 5%
level of interval (P<0.05); SCC= Somatic Cell Counts and SCS = Somatic cell Scores

This study (Table 2 & 3) also indicated clearly that the amount of somatic cell count in milk varies from breed to other, this
was in line with the findings by Anon, 2016; Thomas et al., 2015; Hadrich et al., 2018; Ruegg and Pantoja, 2019; Tarbal et al.,
2020. However, the presence of somatic cell count in milk are influenced by several physiological and environmental factors.
These other factors which may include; the age of an animal, level of production, lactation stage, number of parity, breed types,
frequency of milk and udder injury Hadrich et al., 2018; Ruegg and Pantoja, 2019. Alhussein & Dang, 2018, further argued
that an animal’s environment such as climatic variations may results into changes in the level of somatic cell count. In wet
season high quantity of somatic cell count recorded as compared to dry season which are usually less.

The even distributions of somatic cell counts across the udder quarters have resulted into a faster rate of infection of the intra-
mammary gland as stated by Das et al. 2018; Jadhav et al,. 2018. However, the declined in milk productions have been
attributed to other factors such as physiological aspects of lactation, lactation stages, nutrition and feeds, climatic conditions,
and geographical locations of an area (Maraya, 2019; MOHAMED, 2019; Lees et al., 2019). Therefore, amount of SCC in the
udder quarters of a dairy cow can be treated as an important milk quality trait. This can be utilized in selective breeding for
mastitis resistance in dairy herds (Davis and South, 2015; Iraguha et al., 2017). Thus, the higher heritability it possessed as
compared to clinical mastitis.

In Table 2 & 3, the amount of SCS were significant difference at P<0.05 for the major of genotypes of the crosses as seen.
Somatic Cell Score is a pseudo phenotypic trait for milk quality (Jadhav et al., 2018). Nevertheless, the least values of Somatic
Cell Scores in milk indicate the low incidence of mastitis and intra-mammary gland infections of the udders as mentioned by
Maye et al., (2017). Alam et al., 2015 and Rainard et al., 2018 argued that several lactation trait models were used for analyses
of somatic cell scores, and they have evidenced as strong trait for selection against mastitis in the dairy herds.

Unlike mastitis, somatic cell scores have slightly higher heritability which could be utilized in a marker assisted selection for
reduced incidence of mastitis (Singh et al., 2014; Rainard et al., 2018). They further stretched that it is the one way to reduce
incidences of mastitis, because conventional breeding practices have showed no any positive progress.

In table 2 & 3, somatic cell scores and lactation stages have shown significant associations between first and second lactation,
second and third lactation stages at P<0.05 level of significant. This result is agreement with Alam et al. (2015) who stated that
there were associations between Lactation stages and increased SCS in milk. This demonstrated that the greater level of somatic
cell scores in milk, greater resistance to intra-mammary infections among the crossbred dairy cows, this statement was
supported by Alam et al. (2015) and Rainerd et al. (2018). They further stated greater the lactation somatic cell scores, the
greater resistance against mastitis by crossbred dairy cows. This helps an animal resists infection in case its immune system is
impaired. They further stated that amount of Somatic Cell Scores in milk are usually higher in early lactation periods than late
lactation stages (Alam et al., 2015; Rainard et al., 2018).
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The associations between the lactation stages (LSs) and Somatic Cell Scores (SCS) are crucially important in determining
animal’s ability to resists mastitis infections. It has been witnessed in selection for mastitis resistant breeds, where success were
recorded when the low estimated breeding values were considered (Rainard et al., 2018). Ultimately, the least values of SCS
indicates the low incidence of mastitis and intra-mammary gland infections of the udders (Maye et al., 2017). Moreover, several
lactation traits model revealed that somatic cell scores can result in mastitis resistant breeds of dairy cattle (Alam et al., 2015;
Rainard et al., 2018; Jadhav et al., 2018).

In Table 2; lactoferrin genotypes in association with SCC, SCS and Milk yield were significantly differences at 5% (P<0.05).
The study result reveals milk yields were high among all genotypes. Ayshire cross had the highest in AA genotype, followed
by AB and the least recorded in BB genotype. And, Guernsey recorded the highest in AB genotype and low in both AA and
BB genotypes.

In table 2; SCC and SCS among were showed as explained below; Friesian have showed high of level of SCC and SCS in AA
and BB genotypes and AB genotype was low. Guernsey cross had high level SCC and SCC in AA and AB genotypes and low
in BB genotype. And, Ayshire had high level of SCC and SCS in AA and low in BB genotype. This literally, Friesian and
Guernsey crosses have shown robust immune responses against mastitis infection while Ayshire cross resisted by showing
least amount of SCC and SCS in the milk.

In table; 2 & 3, Somatic Cell Count (SCC) among the udders' quarters of dairy cows, Ayshire, Friesian and Guernsey were
significantly different at P<0.05. A breed's ability to produce significant amounts of somatic cells in milk is treated an indicator
of robust immune responses to mastitis infections. This can be applied as a first-line response to reduce a disease's further
spread across udder quarters. An increase in SCCs can facilitate a rapid and effective response to an intramammary infection
(IMI) in dairy herds (Li et al., 2014; Hussein et al., 2018). Its presence in the udder quarters indicate that quarters' infection
can occur randomly regardless of its positions (Li et al., 2014).

V. CONCLUSIONS

The SCC and SCS level varied among the crosses of dairy cows for both genotypes of beta-lactoglobulin and lactoferrin genes.
These differences were as a result in differences in intramammary infections immune responses to of the udder quarters by
causal agents of mastitis. Among crosses, Friesian have shown the highest level of SCC, SCS and milk yields across all
genotypes for both BLG and LTF genes. This was followed by Guernsey crossed and lastly Ayshire which had the lowest as
compared with the two crosses. Those that have registered high of level SCC means were susceptible to infections, where low
SCC indicates the breed ability to resists infection and its robust immune responses.
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