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Abstract  
 
Improving milk yield and milk composition are objectives of interest in the selective breeding of animals. Milk fatty acids 
and proteins are important in the manufacturing of many buffalo dairy products, the best-known being mozzarella cheese. 
DGAT1 is part of the DGAT gene family (diacylglycerol acyltransferases) that codify key enzymes involved in the final 
step of triacylglycerol biosynthesis in various tissues and milk. In many cattle breeds the non-synonymous polymorphism 
K232A, from the 8th exon of the DGAT1 is a genetic marker, with major effects on milk yield and composition. In river 
buffaloes, the presence of the fixed K allele strongly indicates an increase in milk fat content as a result of selection. To 
date, only a few polymorphisms from the buffalo DGAT1 gene have been associated with milk composition. This study 
aims to test the associations between the synonymous polymorphism c.1053C>T from the 13th exon of the buffalo DGAT1 
gene with milk qualitative parameters (fat percentage, protein percentage, and lactose content) in the Romanian buffalo 
breed. The properties of 200 milk samples were analysed using a mixed-effect model applied to longitudinal data spanning 
four seasons. Results indicated that the season had a significant impact (p < 0.001) on the fat and protein percentage, as 
well as lactose content in the milk. Additionally, a noteworthy association (p < 0.001) was observed between buffalo age 
and fat percentage. However, no significant association was found between genotype and milk quality. 
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INTRODUCTION  
 
Comparative analysis of the composition of 
buffalo’s milk and cattle shows that the superior 
nutritional values of the milk and the dairy 
products of buffaloes are beneficial for human 
health (Contarini and Povolo, 2013; Khan et al., 
2017, Marcone et al., 2017; Reddi et al., 2018). 
Compared to cow’s milk, buffalo milk is richer 
in almost all milk nutrients (fat, lactose, protein, 

casein, ash and Ca, vitamins C and E) (Zicarelli, 
2004; Abd El-Salam and El-Shibiny, 2011; 
Khan et al., 2019). Apart from being renowned 
for their mozzarella cheese production, 
buffaloes possess numerous other superior 
characteristics compared to cattle: meat 
composition is considerably lower in total fat 
content, including cholesterol (Naveena et Kiral, 
2014; Guerrero-Legarreta et al., 2020), and the 
species’ total methane production is lower 
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(Moss et al., 2000; Calabro et al., 2013; Khan et 
al., 2021). These properties, which match a 
perspective shift in consumers towards a 
healthier diet, have led the global buffalo 
population to increase at a steady rate of 14.7 ± 
5.0% per annum, in the last 50 years (1968-
2018). Buffalo milk production accounts for 
only 15.14% of global milk production. Europe 
contributes 2.8% to this market, but also with the 
highest added value obtained from Italian 
mozzarella. (Minervino et al., 2020). Advances 
in the molecular field have led to more efficient 
approaches in improving the genetic value of 
animals, using molecular information in 
breeding schemes. Many QTLs (Quantitative 
Trait Loci) with a major effect on milk yield and 
composition were first identified in the cattle 
genome, in the centromeric region of BTA14 
that includes the DGAT1 gene, encoding the 
diacylglycerol acyltransferase1 (Dekkers, 2004; 
Bouwman et al., 2011). The K232A 
polymorphism inside the DGAT1 gene has been 
shown to be associated with milk composition 
and yield in various cattle breeds, like Holstein-
Friesian, Fleckvieh, and Jersey (Grisart et al., 
2002; Spelman et al., 2002; Winter et al., 2002; 
Kuhn et al., 2004; Ripoli et al., 2006). In several 
cattle breeds, the A allele was associated with 
milk yield, and the K allele with higher fat and 
protein content (Grisart et al., 2002; Winter et 
al., 2002; Spelman et al., 2002; Thaller et al., 
2003; Weller et al., 2003; Gautier et al., 2007; 
Argov-Argaman et al., 2013). In buffaloes, the 
first studies on gene polymorphisms were 
performed using the cattle reference genome. 
Following the recent sequencing, re-sequencing, 
and annotation of the buffalo genome, numerous 
studies have subsequently concentrated on 
pinpointing genomic polymorphisms linked to 
significant economic traits (Yuan et al., 2007; 
Mishra et al., 2007; Shi et al., 2012; Cardoso et 
al., 2015; de Freitas et al., 2016; Silva et al., 
2016; Khan et al., 2021). Initial investigations in 
buffalo have focused on the K232A 
polymorphism observed in cattle, due to the 
strong correlation of the DGAT1 polymorphism 
with milk FP in cattle (Conte et al., 2010). In 
contrast, research indicates that within water 
buffalo populations, the K allele appears to be 
consistently prevalent, owing to both natural and 
artificial selection processes spanning numerous 
generations (Tantia et al., 2006; Shi et al., 2012). 

This phenomenon provides an explanation for 
the elevated fat content observed in buffalo 
milk. DGAT (diacylglycerol acyltransferases) is 
a key enzyme group involved in the final steps 
of triacylglycerol biosynthesis in the adipose 
tissue, intestines, liver, and milk. Generally, 
these enzymes are controlled by a gene family 
DGAT (Yen et al., 2008), which includes 
several subfamilies, DGAT1 and DGAT2, 
DGAT3, and WAX-DGAT identified in 
different organisms (Turchetto-Zolet et al., 
2016; Bhatt-Wessel et al., 2018). Comparative 
analysis of collinearity and gene synteny reveals 
a high conservation degree between buffalo and 
cattle genomes (Wang et al., 2021; Liu et al., 
2020). Many other candidate genes for lipid 
metabolism have been identified in the buffalo 
genome by different authors, including A2M, 
DGAT1, GHRL, LEP, MC4R, PRL, SCD, 
SREBF1, STAT1, and TG. Another 4 genes 
(APOB, CTNND2, FHIT, and ESSRG) were 
identified as candidates in Genome-Wide 
Association Studies (GWAS) (Camargo et al., 
2015; Du et al., 2019). GWAS is considered the 
golden standard in genomic selection 
technology. Currently, few GWAS exist on river 
buffaloes (Bubalus bubalis), and few or no 
associations of the DGAT1 gene 
polymorphisms with milk yield and composition 
were established (Liu et al., 2020). The most 
important polymorphisms associated with milk 
yield and composition were identified in the 5’ 
UTR region and the 13th and 17th exons of the 
DGAT1 gene (Yuan et al., 2007; Cardoso et al., 
2015; Li et al., 2018), while other SNPs were 
found in various buffalo breeds, but no 
associations were studied (Mishra et al., 2007; 
Yuan et al., 2007; Raut et al., 2012; Silva et al., 
2016; Gu et al., 2019). For this reason, the main 
goal of this research is to test the associations of 
the DGAT1 polymorphism with lactogenic 
parameters. The DGAT1 gene polymorphism, 
specifically c.1053C>T, was detected through 
transcript analysis of the DGAT1 gene in Italian 
Mediterranean and Romanian buffalo breeds 
(Gu et al., 2019).  Thus, the scope of this study 
is to test the associations between this 
polymorphism and fat percentage (FP), protein 
percentage (PP) and milk lactose content, in a 
cohort of 50 female Romanian buffaloes, from 
the Research and Development Station for 
Buffalo Breeding Sercaia (Brasov County). 
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MATERIALS AND METHODS  
 
Biological material 
The formation of the Romanian buffalo breed 
took place in the early 1960s through the 
introgression of the European river buffalo 
(Bubalus bubalis) with the Bulgarian Murrah 
breed. Today over 90% of the buffalo livestock 
is raised on small farms from Transylvania 
(Brașov, Cluj, Sibiu, and Mureș counties) 
(Matiuti et al., 2020). Two different populations, 
with distinct genetic backgrounds were 
identified by Noce et al (2021) in genetic 
diversity studies (90k SNPs): the Mera buffalo 
population in Cluj County, distributed among 
small farms, with a genetic background 
admixture from Italian-Mediterranean, 
Hungarian, and Bulgarian origins; and the 
animals from the Research and Development 
Station for Buffalo Breeding Sercaia (Brasov 
County), which have a defined genotype, due to 
intense selection programs and environmental 
adaptation to the cold climate.  
In the present study, we proposed to analyse this 
population of Sercaia Station, to test the 
associations between c.1053C>T 
polymorphism, from the 13th exon of DGAT1 
gene, and milk production characteristics. The 
animals from this facility are in the official 
production control program.  
 
Blood and milk samples collection 
For the gene polymorphisms study and 
associations procedures with milk qualitative 
parameters, we used blood samples collected 
from 50 buffalo females, randomly selected 
from the Research and Development Station for 
Buffalo Breeding Sercaia, Brasov County 
(45o50’01.4” N and 23o27’07.1”). The animals, 
in different lactation phases, were fed identically 
during the sampling period. From these selected 
females, 200 individual morning milk samples 
(50 ml/sample and 50 sample/season) were 
collected in four successive seasons (autumn, 
winter, spring and summer). Vacutainers with 
K2EDTA were used to collect blood samples, 
which were immediately refrigerated (4oC ± 
1oC) and transported to the laboratory for DNA 
extraction. The same procedure was applied for 
milk samples, which were collected in 100 ml 

Falcon tubes (50 ml/sample). Throughout the 
sampling process, particular attention was paid 
to animal welfare.  
 
In silico analysis of the c.1053C>T 
polymorphism of the DGAT1 gene  
In this study we aimed to identify the 
c.1053C>T polymorphism from the 13th exon, 
in a 483 bp DNA fragment of the buffalo 
DGAT1 gene. In the buffalo genome, this gene 
is located on the 15th (BBU15) chromosome, 
has 17 exons and a total length of ~8,8 kb (NCBI 
Gene ID 102390126). The sequence of interest 
corresponds to the genomic positions 
g.81,363,550 - g.81,364,033 in the NCBI 
genomic sequence NC_059171.1/NCBI 
(GCF_019923935.1/NDDB_SH_1 Bubalus 
bubalus, Murrah breed). 
The sequence of interest was amplified by PCR 
with a specific primers pair (forward 5’-
ATGGGCGACCGCGGCGG-3’ and reverse 5’ 
– GGAGCATGGGCTTGTAGA-3’ (Gu et al., 
2017) corresponding to the region between the 
12th and 15th exons on the GenBank DGAT1 
gene sequence DQ886485.1 of water buffalo. 
The two sequences produced a perfect alignment 
in the Blast analysis, and the position of the SNP 
mutation, recognized by DdeI restriction 
enzyme, is highlighted in Figure 1. The C>T 
mutation, which falls at the genomic position 
g.81,363,844 corresponds to the mutation 
position - c.1053C>T in the NCBI sequence 
DQ120929.1 Bubalus bubalis diacylglycerol O-
acyltransferase 1 (DGAT1) mRNA, complete 
cds. The C>T is a synonymous mutation that 
does not modify the amino acid sequence 
(YAla/Ala) specified by the two codons. 

 
DNA extraction  
The DNA samples were obtained from 200 µl 
blood, collected on vacuum tubes with 
K2EDTA, with Quick DNA Microprep Plus Kit, 
following the manufacturer’s instructions 
(BioZyme, St Joseph, Missouri, USA). All 
samples were analysed to determine the DNA 
concentration and purity on Spectrophotometer 
NanoDrop ND1000, and range between 1.8-2 
purity (optimum), and a quantity between 50 and 
180 ng/µl. 
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Figure 1. Blast analysis of the genomic sequence NC_059171.1 (g. 81,363,550 - g.81,364,033)  
and DGAT1 gene from GenBank (DQ886485.1), amplified by PCR (exons: 12-15) and the position of the DdeI 

restriction enzyme sites with potential mutation C>T (DQ886485.1-7710) 
 
Genetic analysis 
A final volume of 25 µl PCR mix was set up for 
each sample with 5x FirePol Master mix 
(BioZyme) – 5 µl; 1 µl of each primer (forward 
and reverse) (10 pmol/µl), DNA template –             
2 µl (100 ng) and molecular grade water -16 µl. 
The following conditions were used for the PCR 
assay: 97oC for 4 min; followed by 35 cycles at 
97oC (45 s), 63.2oC (45 s), and 72oC (45 s); and 
a final extension step at 72oC for 8 min, 
maintaining 4oC thereafter, in an Eppendorf 
MasterCycler (Eppendorf, Germany). All 
amplimers, of 483 pb, were subjected to 
digestion with the DdeI restriction enzyme. The 
enzymatic digestion mixture includes 10 µl PCR 
product, 5U of DdeI endonuclease (New 
England, Biolab), and 2.5 µl of the enzyme’s 
buffer. For digestion, an overnight incubation at 
37 oC was performed. The digestion products 
were analysed in agarose gel (2.5%) 
electrophoresis, with 1x TBE buffer, and stained 
with RedSafe (Intron Biotechnology). The 483 
DNA fragment amplified by PCR can be 
cleaved by the DdeI restriction enzyme in two 
positions, that correspond to TT genotypes, with 
two visible bands on the agarose gel, of 189/194 
bp and 100 bp. After digestion, the C allele also 
presents two fragments but with different 
lengths of 289 bp and 194 bp. The heterozygous 

(CT) genotype can be distinguished in the 
agarose gel through a profile of 289 bp, 189/194 
bp, and 100 bp. 
 
Milk quality parameters analysis 
In each season (autumn, winter, spring, summer) 
50 milk samples (50 ml/sample) collected from 
buffalo females were analysed on an Ultrasonic 
milk analyser (Lactoscan MCCW/UASVM of 
Cluj-Napoca). The working method aimed to 
determine milk quality parameters (fat % (FP), 
protein % (PP), and lactose content).  
 
Statistical analysis 
Allelic and genotype frequencies were 
determined by simple counting. Possible 
deviations from Hardy-Weinberg equilibrium 
(HWE) were tested by chi-squared test, using 
the HWE.chisq function call from the genetics 
package (1.3.8.1.3) in R (Table 1).  
The association analysis between the SNP locus 
and milk traits was performed using a linear 
mixed-effects model due to the nested structure 
of the longitudinal data (Bates et al., 2015). 
Apart from the genotype, two other variables 
that may also influence milk production were 
inserted in the model as fixed effects, the season 
(categorical with four levels), and the age group 
(categorical with three levels, discretizing the 
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buffalo age in ranges [4, 7], [7, 10], and [10, 20] 
years). The milk samples were collected over the 
course of seasons, with multiple observations 
per buffalo. Because of that, milk properties for 
the individual buffaloes are correlated 
throughout seasons, hence the necessity to 
introduce nested random effects (intercepts) for 
each buffalo into the model.  
The model formula is the following: 
 
𝑦𝑦𝑦𝑦ℎ𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗 = 𝛽𝛽𝛽𝛽0 + 𝛽𝛽𝛽𝛽1 × 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ + 𝛽𝛽𝛽𝛽2 × 𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑗𝑗𝑗𝑗

+ 𝛽𝛽𝛽𝛽3 × 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑗𝑗𝑗𝑗 + 𝐼𝐼𝐼𝐼𝐷𝐷𝐷𝐷𝑗𝑗𝑗𝑗 + 𝜖𝜖𝜖𝜖ℎ𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗  
 
Where: Yhjkl represents the modeled phenotype 
of the milk (FP, PP, lactose) for each buffalo IDl 
in season SEASONj and AGEGROUPk; β0 is the 
overall mean of the measured phenotype; β1, β2, 
β3 are the regression coefficients of the 
genotype, season and age group classes 
respectively; ϵhjkl represents the residual error. 
GENOTYPEh, SEASONj and AGEGROUPk are set 
as the fixed effects of the model and the IDl of 
each buffalo as the random effect. The model 
assumptions for multicollinearity were tested 
using Variance Inflation Factors (VIFs). For the 
lactose and protein percentage residuals, 
normality tests including the Shapiro-Wilk, 
Anderson-Darling, and Lilliefors (Kolmogorov-
Smirnov) indicated no significant departure 
from normality, with p-values well above the 
0.05 threshold. However, for fat percentage 
residuals, these normality tests failed to meet the 
assumption of normality. Consequently, a 
sensitivity analysis was conducted, to evaluate 
the model's robustness across each 25% segment 
of quantiles, to ensure the model's reliability 
despite the non-normality observed in the fat 
percentage residuals. All analyses were 
performed using R (R Core Team 2023). The 
restricted maximum likelihood (REML) 
estimates of the parameters in the linear mixed-
effects models were determined by using lmer 
function in the lme4 package (1.1.33). 
Additionally, ggplot2 package (3.4.2) was used 
for data visualization. 
 
RESULTS AND DISCUSSIONS  
 
From the PCR amplimers digested with DdeI 
enzyme, all possible genotypes, CC, CT, and TT 

(Figure 2) have been identified in the analysed 
population. The results of allelic and genotype 
frequencies and the departure from HWE can be 
viewed in Table 1.  
 

Table 1. Allelic and genotype frequencies and the 
departure from Hardy-Weinberg equilibrium 

Genotype (SNP 
c.1053 C>T) 

frequency 

No of 
animals 

Allele 
frequency 

HWE 

CC CT TT  C T χ2=0.0868 
0.26 0.52 0.22 N=50 0.52 0.48 P=0.7835 

 

 
 

Figure 2. Genotypes of DGAT1 gene (c.1053C>T 
polymorphism) in Romanian buffalo breed. Line 1:100 

bp step ladder (Promega, USA), lines 2-8: CC genotypes 
with 289 bp and 194 bp bands, TT genotypes with 

189/194 bp and 100 bp bands, and CT genotypes with 
289, 189/194 and 100 bp bands 

 
The results of the gene polymorphism study in 
the Romanian buffalo breed, regarding the C>T 
mutation (c.1053) in exon 13 of the DGAT1 
gene, are consistent with those reported by Gu et 
al. (2019) in studies on differential gene 
expression. They indicate a higher frequency of 
the C allele (0.52) and a lower frequency of the 
T allele (0.48) in the Romanian buffalo 
compared to the Italian Mediterranean breed, in 
which the C allele was determined in a lower 
proportion (C=0.46). To the best of our 
knowledge, currently, the synonymous mutation 
c.1053 C>T has only been identified in these 
two breeds. Querying the relevant literature on 
this mutation shows the presence of only the T 
allele at this locus in the Chinese buffalo breed 
(Yuan et al., 2007), while in various other water 
buffalo breeds (Bhadawari, Mehsana, Murrah, 
and Surti buffaloes), including Indian Murrah, 
studies show the presence of only the C allele 
(Mishra et al., 2007; Venkatachalapathy et al., 
2008). The descriptive statistics of the milk 
composition parameters are presented in  
Table 2. 
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Table 2. Descriptive statistics of the milk composition parameters in Romanian Buffalo breed 

Trait Season N Mean ± sx SD Minimum Maximum CV% 

FP 

Autumn 50 8.015 ± 0.027 0.188 7.322 8.501 2.35 
Winter 44 7.974 ± 0.057 0.377 7.111 8.719 4.73 
Spring 49 7.945± 0.045 0.317 7.308 8.487 3.99 

Summer 50 7.735 ± 0.022 0.154 7.466 8.224 1.99 
All 193 7.916 ± 0.021 0.290 7.111 8.719 3.66 

PP 

Autumn 50 4.028 ± 0.013 0.090 3.912 4.347 2.24 
Winter 44 4.093 ± 0.032 0.213 3.809 4.592 5.21 
Spring 49 3.964 ± 0.027 0.187 3.702 4.391 4.71 

Summer 50 4.353 ± 0.023 0.164 3.999 4.610 3.77 
All 193 4.111 ± 0.016 0.225 3.702 4.610 5.46 

Lactose 

Autumn 50 4.138 ± 0.022 0.162 3.738 4.453 3.93 
Winter 44 3.896 ± 0.016 0.109 3.716 4.113 2.81 
Spring 49 3.930 ± 0.028 0.197 3.605 4.466 5.01 

Summer 50 3.813 ± 0.023 0.164 3.524 4.230 4.31 
All 193 3.946 ± 0.015 0.202 3.524 4.466 5.12 

N = number of samples, sx = standard error; SD = standard deviation, CV = coefficient of variation, Fat Percentage FP, Protein Percentage PP 
 
Regarding fat percentage and protein 
percentage, the minimums were observed in 
winter (7.11% FP) and spring (3.70% PP), while 
for lactose the lowest value was found in 
summer (3.52 lactose content). Furthermore, the 
winter and spring seasons generally show the 
highest variances, with a maximum standard 
deviation of 0.37% FP and 0.21% PP in winter, 
and a variance of ~0.2 in lactose content during 
spring. 
 
Association Study 
Tables 3, 4, and 5 present the estimates of the 
linear mixed effect models on the association 
between genotype, season, and age groups. For 
all mixed effect models, the reference group was 
chosen among the buffalos between 4 and 7 
years old, having the CC genotype, and for the 
measurements taken in the Autumn season. The 
CC genotype represents the wild type allele, 
while the age group and season were the first 

groups among the observations. All found 
differences are present between these reference 
groups and others. Moreover, in the case of the 
genotype, we are interested in whether any 
polymorphism is associated with a change in the 
milk quality. 
The overall mean fat percentage in milk samples 
was estimated to be 7.967% (95% confidence 
interval (CI): 7.861%, 8.073%) at the reference 
level (for genotype CC, in Autumn for buffaloes 
in the age group [4,7] years). In the case of 
protein percentage, the average was found to be 
4.046% (95% CI: 3.975%, 4.117%), while the 
mean lactose content of the milk was 4.150 (CI: 
4.085, 4.216) within the reference group.  
To interpret the fixed effects of the model, the 
estimated coefficients can be used. For instance, 
for milk samples taken in summer from buffaloes 
in the same age group, we observe an increase in 
protein percentage of +0.325% (CI: +0.262%, 
+0.389%) compared to the reference level. 

 
Table 3. Coefficient estimates β of the linear mixed-effect models for fat percentage of the milk samples 

Mixed Effect Model of Fat Percentage (FP) 
Independent Variables Estimated Coefficients 𝛽𝛽𝛽𝛽 Lower 95% CI Upper 95% CI 

INTERCEPT 7.967 7.861 8.073 

GENOTYPE 
CC Ref. 
CT 0.020 -0.070 0.109 
TT 0.071 -0.034 0.176 

SEASON 

Autumn Ref. 
Winter -0.043*** -0.148 0.061 
Spring -0.070*** -0.172 0.031 

Summer -0.280*** -0.381 -0.179 

AGE GROUP 
[4, 7] Ref. 
(7, 10] -0.053*** -0.143 0.035 

(10, 20] 0.123*** 0.035 0.212 
95% CI = Confidence Interval; *p < 0.05, **p < 0.01, ***p < 0.001; Ref. stands for reference in the analysis. 
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Table 4. Coefficient estimates of the linear mixed-effect models for protein percentage of the milk samples 

Mixed Effect Model of Protein Percentage (PP) 

Independent Variables Estimated Coefficients 𝛽𝛽𝛽𝛽 Lower  
95% CI 

Upper  
95% CI 

INTERCEPT 4.046 3.975 4.117 

GENOTYPE 
CC Ref. 
CT -0.028 -0.090 0.034 
TT -0.057 -0.130 0.016 

SEASON 

Autumn Ref. 
Winter 0.068*** 0.002 0.134 
Spring -0.064*** -0.128 0.000 

Summer 0.325*** 0.262 0.389 

AGE GROUP 
[4, 7] Ref. 
(7, 10] 0.003 -0.059 0.065 

(10, 20] 0.026 -0.036 0.087 
95% CI = Confidence Interval; *p < 0.05, **p < 0.01, ***p < 0.001; Ref. stands for reference in the analysis 
 
The mixed effects model reveals a notable 
association (p < 0.001) between buffalo age 
groups and seasons concerning FP as seen in 
Table 3. Likewise, both the PP and lactose 
models exhibit a significant (p < 0.001) 
association with seasons (Tables 4 and 5). 
The combined effect of milk parameters for 
different genotype groups and seasons can be 
seen in Figure 3. Notably, the results reveal the 
absence of influences of the genotypes on milk 
parameters. A possible source of statistical 
ambiguity is the limited number of samples 
available. Specifically, we note that all of the 
outliers excluded from the analysis are found in 
Winter and Spring, as these seasons have overall 
higher variability between individuals. We posit 
that as a synonymous mutation, further studies 

on this mutation and testing for linkage 
disequilibrium between loci, could provide 
additional information about this 
polymorphism. 
Insights from Research on the Buffalo Genome 
The limited number of association studies on 
gene polymorphisms and productive traits in the 
water buffalo is primarily explained by the later 
appearance of the Bubalus bubalis genomic 
reference (Williams, 2017) compared to the Bos 
taurus genome. Thus, this study aims to 
complement the research on the possible 
influences of gene mutations on the expression 
of milk productive parameters such as fat 
percentage (FP), protein percentage (PP), and 
lactose.  

 
Table 5. Coefficient estimates of the linear mixed-effect models for the lactose in the milk samples 

Mixed Effect Model of Lactose 

Independent Variables Estimated Coefficients 𝛽𝛽𝛽𝛽 Lower  
95% CI 

Upper  
95% CI 

INTERCEPT 4.150 4.085 4.216 

GENOTYPE 
CC Ref. 
CT 0.025 -0.031 0.080 
TT -0.003 -0.068 0.062 

SEASON 

Autumn Ref. 
Winter -0.241*** -0.306 -0.177 
Spring -0.207*** -0.270 -0.144 

Summer -0.325*** -0.387 -0.262 

AGE GROUP 
[4, 7] Ref. 

(7, 10] -0.036 -0.092 0.019 
(10, 20] -0.041 -0.096 0.014 

95% CI = Confidence Interval; *p < 0.05, **p < 0.01, ***p < 0.001; Ref. stands for reference in the analysis 
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Figure 3. Fat Percentage, Lactose and Protein Percentage for different genotype groups and seasons. The violin plot 

combines the probability density and box plots, while individual milk sample measurements are visible as dots 
 
A priori hypotheses about the effects of 
synonymous mutations in genes, which can 
affect gene expression through various 
molecular processes such as splicing, mRNA 
stability, folding, and translation (Wang et al., 
2021), have led to the identification of several 
synonymous mutations associated with 
productive traits, including the DGAT1 gene 
(Cardoso et al., 2015). Certain synonymous 
mutations in genes, although they do not change 
the specified amino acid in the protein, can be in 
linkage disequilibrium with other SNPs in the 
genome, affecting the expression of complex 
traits (Bouwman et al., 2011).  
The role of the DGAT1 gene in the biosynthesis 
and storage of milk fat has been demonstrated in 
double-knockout lactation-deficient mice 
(Smith et al., 2000). The mutations that can have 
substantial effects on the differentiated 
expression of genes affect the regulatory regions 
of the genes (promoters, enhancers, silencers, 
and insulators). Among the studies identifying 
mutations in the DGAT1 gene, the VNTR 
polymorphism in the 5’UTR region of the 
DGAT1 gene (Cardoso et al., 2015) is notable, 
accounting for 32% of the additive genetic 
variance (VA) of milk fat percentage (FP) in the 
Murrah buffalo breed.  

Other studies of SNP associations in buffalo 
have been tested in specific breeds and need to 
be confirmed in association studies for each 
breed individually (Tantia et al., 2006; Mishra et 
al., 2007; Raut et al., 2012; Venkatachalapathy 
et al., 2013; Cardoso et al., 2015; de Freitas et 
al., 2016). Thus, significant associations 
(P<0.05) have been identified between the 
nonsynonymous polymorphism g.11785 T> C 
in exon 17, which changes the amino acids 
Ala484Val and the milk protein percentage (PP) 
and fat percentage (FP) in the Murrah buffalo 
breed, and in the Italian buffalo breed (De 
Freitas et al., 2016; Li et al., 2018). In the river 
buffalo, an SNP polymorphism (g.8330T>C) in 
exon 13 of the gene appears to be associated 
with the protein and fat percentage in milk (Li et 
al., 2020). Several other studies identified 
different SNP polymorphisms in intron 1, exons 
7-9, and intron 7 of the DGAT1 gene from 
different buffalo breeds, but many without 
association studies (Mishra et al., 2007; Yuan et 
al., 2007; Raut et al., 2012; Silva et al., 2016). 
GWAS, despite being a standard in genomic 
selection, face limitations due to the reliance on 
the number of allelic variants on microchips. 
The lead SNP with the tightest association p-
value may not always be the causal SNP. This 
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necessitates considering numerous other SNPs 
in linkage disequilibrium as potentially causal 
(Chatterjee and Ahituv, 2017). A 
comprehensive GWAS, investigating the 
DGAT1 gene's impact on milk's fatty acid 
composition was conducted by Cruz et al. in 
2019. The authors utilized various statistical 
methods to elucidate its correlation with milk 
composition variability. This study established 
the DGAT1 gene as a key determinant in the 
variation of milk's fatty acid profile, in 
conjunction with two other genes, PLBD1 and 
MGST1, particularly when DGAT1 was 
included as a fixed variable in the analysis. The 
exclusion of DGAT1 as a fixed covariate led to 
the discovery of numerous SNPs. Therefore, the 
effects of genomic polymorphisms should be 
cautiously analysed to identify optimal 
associations with quantitative traits. 
Additionally, Liu et al. (2020) linked 
polymorphisms in the DGAT2, DGAT2L7, and 
DGAT2Ln genes to the quantity of milk fat in 
river buffalo through GWAS explaining for the 
extended role of the genes in the DGAT family. 
Further genetic studies have pinpointed specific 
polymorphisms in a haplotype of the DGAT1 
gene that are associated with both, milk protein 
and fat percentages (Liu et al., 2020). 
 
CONCLUSIONS 
 
The composition and fat content of milk are 
crucial factors in the dairy sector, influencing 
both the economic success of farms and the 
consumer preference for high nutritional value 
dairy products. Notably, buffalo milk is valued 
for its lower levels of saturated fatty acids and 
cholesterol, making it an alternative dietary 
choice and a key point of breeding programs 
aimed at enhancing milk yield and quality. 
In the context of the population examined in this 
research, we suggest that future studies should 
aim to sequence the entire exon in a broader 
sample group. Considering the role of 
synonymous polymorphism, additional research 
on this specific mutation, along with analyses of 
linkage disequilibrium among loci, could yield 
deeper insights into the nature and implications 
of this genetic variation. 
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