
SUMMARY
The physiochemical properties of milk are important factors in terms of the process of dairy production, quality, and profitability.
However, the knowledge about the effect of genetic factors such as CSN1S1, CSN3, and AGPAT6 genes on these traits is insuffi-
cient. The objective of this study was to determine the effect of these genes and lactation rank (LR) on total acidity, citric acid,
density (density), free fatty acid (FFA), freezing point degree (FPD) and urea parameters. A total of fifty (n=50) Saanen goats,
which is known as the highest milk-producing breed within the goats were genotyped using polymerase chain reaction and re-
striction fragment length polymorphism (PCR-RFLP) methods. For genetic analysis, the blood samples were taken from the jugu-
lar vein by aseptic conditions. The DNA isolations were performed by the phenol-chloroform method from blood samples. Milk
samples were collected during the lactation and evaluated by Fourier transform infrared (FTIR) spectroscopy for the physico-
chemical properties of Saanen goat milk. The statistical analysis was carried out using the least-squares of the GLM procedures.
The results indicated that no significant differences were confirmed between the investigated genes with the physicochemical prop-
erties of goat milk. However, the effect of the AGPAT6 gene on density and the effect of LR on citric acid composition was found
tended to be significant. Moreover, we determined the significant correlations between the physicochemical properties in the pres-
ent study. According to the results, acidity was correlated with the citric acid (-0.304), density (0.641), FFA (-0.332) significant-
ly. Other significant correlations were observed between the citric acid and FPD (0.275), LR (-0.313); the density and FFA (-0.315),
FPD (0.436); the urea and LR (-0.369). These results and novel correlations may be useful for future studies on evaluating the
potential impact of AGPAT6 gene on these traits to achieve breeding and commercial goals in the goat production and dairy in-
dustry.
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INTRODUCTION

Goat milk prevails from the others due to the composition and
nutritional properties such as organic materials and minerals.
Besides these properties, the physicochemical compounds such
as acidity, citric acid, density (density), free fatty acid (FFA), freez-
ing point degree (FPD) and urea amounts are important pa-
rameters to define the effect of various dairy production meth-
ods on a quality of fresh milk or milk products1. As a result of
that, these parameters obtain product quality and profitability
and processability in terms of the technological properties of milk
for the dairy industry2. It was known that the aging time and tem-
perature significantly associated with the FFA level also changes
the storage time1. On the other hand, the acidity of milk is used
to identify the growth of the bacteria during fermentation on
cheese or yogurt making process3. The organic acids, such as cit-
ric acid, play a crucial role in the flavor of dairy products; thus,
they subscribe to the quality of cheese4. The impact on the tech-
nological process makes the physicochemical properties of
milk as an important criterion for the dairy industry. The com-
position of milk is impressed by lots of environmental and ge-
netic factors such as health problems, stage of lactation, breed-
ing conditions, feed intake, or genetic polymorphisms2.The de-

velopment of molecular technics will provide researchers a bet-
ter knowledge of the candidate markers (such as SNPs-single nu-
cleotide polymorphisms) that are associated with milk yield and
quality, also the accuracy of genomic breeding values rather than
classic selection methods5. 
The four casein loci consist of  𝛼S1-casein (CSN1S1), 𝛽-casein
(CSN2),𝛼S2-casein (CSN1S2), and 𝜅-casein (CSN3) located on
250-300 kb region of chromosome 6 in goats6. The polymor-
phisms of these genes have significant impacts on various dairy
phenotypes6. The CSN1S1 gene, which’s eighteen alleles have been
identified up to now, is associated with different levels of alpha
S1-casein (αS1-CN) protein of milk7. It was indicated that the
polymorphisms of that gene effect not only the casein content
but also its structural and nutritional characteristics and tech-
nological properties of goat milk7. Zhang et al.8 indicated that
an 11-bp indel mutation was significantly associated with the FPD
and acidity of Guanzhong dairy goat milk.    
The CSN3 gene is another member of a casein gene family that
most of the coding sequences of the mature protein (162 aa) are
presented in exon 4 (Gene ID:100861231)9. Similarly, the CSN3
gene was described considerably polymorphic, has 21 alleles (A,
B, B′, B″, C, C′, D, E, F, G, H, I, J, K, L, M, N, O, P, Q, and R) have
been defined so far 9-10. The genes encoding caseins such as
CSN1S1 or CSN3 are strong candidates to clarify the variation
between the protein contents of milk, moreover the rheologi-
cal parameters and cheese yield in general10. 
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The 1-acylglycerol-3-phosphate O-acyltransferases 6-AGPAT6
gene (also known as GPAT4) located in caprine chromosome 27
(have 14 exons) is involved in triacylglycerol and glycerophos-
pholipid biosynthesis pathways11. Because of the role in lipid me-
tabolism, it was claimed that the AGPAT6 gene could be effec-
tive on milk fat yield and composition. The polymorphisms of
AGPAT6 gene have been studied in Holstein cattle12, Brown Swiss
cattle13 and Guanzhong goats11 up to now; according to the re-
sults, significant effects on milk fat and protein composition were
reported. Moreover, the genotypic frequencies of investigated
genes exhibited variation between the breeds and is thought that
these differences might alter the physical and chemical proper-
ties of milk on investigated breeds 10,11. 
Nevertheless, the studies about the effect of the polymor-
phisms of candidate genes (CSN1S1, CSN3, and AGPAT6) on
physicochemical properties (acidity, density, FPD, FFA or urea)
of Saanen goat milk have been rather limited in the literature,
to the best of our knowledge. Therefore, determination of the
effect of CSN1S1, CSN3, and AGPAT6 genes on the physico-
chemical properties of goat milk was aimed in the present study.

MATERIALS AND METHODS

Animal sources and milk analysis
The study was performed in Saanen goats (n=50) ranged from
one to six years old. The goats were breeding intensively at the
farm located in a district of Bursa province in the Marmara Re-
gion of Turkey. The animals were fed with the same diets ac-
cording to standard commercial implementation. During the lac-
tation, Saanen does were milked by machine twice a day, and milk
samples were collected in sterile sample containers twice a month.
Samples were transported to the laboratory via the cold chain
(+4°C). The samples were analyzed for physicochemical prop-
erties such as urea, acidity, density, citric acid, FPD, and FFA with
Fourier transform infrared (FTIR) spectroscopy (MilkoScan™
FT1, Foss Electric, Hillerød, Denmark). For all processing was
carried out in compliance with the ethical requirements, and eth-
ical approval was received from the local Ethics Committee for
Animal Research with the number of 2019-07/05. 

Genomic analysis
The genomic DNA was extracted from the blood samples us-
ing phenol-chloroform, according to Green and Sambrook14. The
investigated animals were genotyped for CSN1S1(B1, B3 and E
allele), CSN3 (550 C T) and AGPAT6 (g.9263C>G) polymor-
phisms by PCR-RFLP method according to the methodology de-
scribed by Cosenza et al.15, Chessa et al.16, Prinzenberg et al.10 and
He et al.11, respectively. The PCR products of CSN1S1, CSN3, and
AGPAT6 genes were digested with MnlI (for CSN1S1-B1), DdeI
(for CSN1S1-B3), MspI (for CSN1S1-E), PstI and NcoI-HF re-
striction enzyme (NEB) at 37  for 16 hours. After then, the RFLP
products were separated on the 2-3% agarose gel containing ethid-
ium bromide at 100 - 120 V for 45 to 60 minutes. The bands were
visualized with the DNr Minilumi imaging system, and the an-
imals were genotyped according to the agarose gel results.

Statistical analysis
The genotype frequencies of tested polymorphisms were cal-
culated by direct counting. The chi-square test (χ2) for devia-
tion from Hardy-Weinberg equilibrium (HWE) has been esti-
mated by Pop-gen (Ver. 1.31) software17. The indexes of genet-
ic variety, including expected heterozygosity (He), effective al-
lele numbers (Ne), and the polymorphism information content

(PIC) were calculated according to Nei & Roychoudhury18. The
phenotypic correlation coefficients were estimated using Pear-
son’s correlation coefficient (PCC) option of correlation pro-
cedures. The PCC was categorized into three groups by the lev-
els of PCC ranges: PCC is < 0.25 equal to low correlation, PCC
is between 0.25 - 0.50 equal to intermediate correlation, and PCC
is >0.50 equal to high correlation19.
In order to detect the differences between groups for investigated
parameters, the general linear model (GLM) was carried out us-
ing the Minitab software (MINITAB®, USA, v17.1.0) program.
The following mixed model was chosen by considering the ad-
justed R2 to adjust possible significant differences between the
genotypes: Yijklmn = μ + Ci + Aj + B1k + B3l + Em + Ln + eijklmn , where
Yijk symbolized the observed value; μ is the overall mean for each
trait; Ci is the fixed effect of CSN3 gene (i= FF, MF); Aj is the fixed
effect of AGPAT6 gene (i= CC, GC, GG); B1k is the fixed effect
of B1 genotype (m = B1, B1/NB1, NB1); B3l is the fixed effect
of B3 genotype (o = B3, B3/NB3, NB3); Em is the fixed effect of
B1 genotype (p = E, E/NE, NE); Ln is the fixed effect of lactation
rank; e ijklmn is the random error. For all statistical analyses, a prob-
ability level of P<0.05 was accepted as statistically significant; the
P value less than 0.10 (P < 0.1) was considered as a tendency in
the current study.

RESULTS

Genotypic distributions of the
population
The genotype frequencies and the indexes of He, Ne, and PIC
values, including X2  and P significance of HWE, are given in Table
1. According to the results, the most frequent genotypes were ob-
served B1-B1 for CSN1S1-B1 (0.96); B3-NB3 for CSN1S1-B3
(0.48), NE-NE for CSN1S1-E (0.59); FF for CSN3 (0.98) and CC
genotype for AGPAT6 gene (0.58). The NB1-NB1 and MM geno-
types were not found in the investigated flock. Although only one
goat with MF and two goats with B1-NB1 genotypes were ob-
served in the population,  the breed was adjusted polymorphic
for CSN1S1, CSN3, and AGPAT6 gene. In the case of the
CSN1S1gene, the X2 values for the genotypes of B1, B3, and E
allele were 0.0208 and 0.2416 and 0.0088 with the probability
values of 0.885 (P>0.05) and 0.623 (P>0.05) and 0.925 (P>0.05)
respectively. For CSN3 (550C T) and AGPAT6 (g.9263C>G) poly-
morphisms the X2 and P values were determined 0.0051 and
0.4356 with 0.943 (P>0.05)  and 0.509 (P>0.05) respectively.
These indicated that the investigated goat population had not
deviated from the HWE (Table 1) for CSN1S1, CSN3, and AG-
PAT6 genes.

Association of genetic and
environmental factors with investigated
traits
The results about the effect of genotype (CSN1S1, CSN3, and
AGPAT6 gene polymorphisms) and LR on acidity, citric acid, den-
sity, FFA, FPD, and urea are presented in the related table (Table
2). In respect of the studied parameters, the effect of CSN1S1 (B1,
B3, E) and CSN3 gene on the physicochemical properties of Saa-
nen goat milk were determined statistically insignificant. How-
ever, the effect of the AGPAT6 gene on goat milk density (g/L)
was considered as a tendency (P=0.086) in the present study. Ac-
cording to the results, the milk belongs to GC genotyped ani-
mals could be denser than others. Similarly, the LR was deter-
mined tended to be significant on the citric acid composition
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of Saanen milk (p=0.090). The citric acid ratio seemed to be at
the highest value on the second lactation. However, LR had no
significant effect on the other investigated parameters.

Correlations between the
physicochemical properties of goat
milk
The summary of the descriptive values of Pearson’s correlation
coefficients is shown in table (Table 3). As a result,  two types of
correlations, intermediate or high, were observed in the current
study. The acidity was intermediately correlated with the citric
acid (-0.304) and FFA composition (-0.332), but also highly cor-
related with the density of goat milk (0.641) with, the significance
levels of P<0.05 and P<0.001 respectively. Although the citric acid
was correlated only with FPD value (0.275) and LR (-0.313), we
observed a tendency for the correlation between density and cit-
ric acid herein (P=0.077). Another intermediate level of corre-
lation was adjusted between the density with FFA and FPD pa-
rameters. The FFA and FPD did not significantly correlate with
the investigated physicochemical properties in the current
study (P>0.05). Results indicated that urea only correlated with
the LR (P<0.01).

DISCUSSION

The effect of genetic and
environmental factors on investigated
traits
The physiochemical properties of milk are important factors in
terms of the process of dairy production, quality, and profitability.
The milk acidity is a parameter that is associated with hygien-
ic conditions of animals and an indirect sign of microbiologi-
cal quality or might be an illusion by water or ammonia20. Zhang
et al.8 indicated that an 11-bp indel mutation was significantly
associated with the acidity of Guanzhong dairy goat milk; ac-
cording to study the II (homozygote insertion type-inser-
tion/insertion) genotype exhibited higher values (7.49 ± 0.51)
for physicochemical properties of goat milk. Differing from Zhang

et al.8, our results show that no significant differences were ob-
served between the acidity and CSN1S1 gene polymorphism (B1,
B3, or E allele) (P>0.05). This alteration might be depended on
the breed differences or variation of investigated polymorphisms.
Similar to CSN1S1 gene polymorphisms, the effect of the
CSN3 gene on that trait was found statistically not significant
in our study (P>0.05). These findings are in agreement with those
reported by Kyselová et al.2 who determined the influence of CSN3
genotype on the Czech Fleckvieh breed.
Lipolysis causes the emission of FFA into the milk that leads to
affect the sensory quality of the milk and dairy products nega-
tively20. Despite the source of energy is another factor that may
affect milk composition especially milk fatty acid profile20,  Chill-
iard et al.21, Dagnachew and Ådnøy6 indicated that the poly-
morphisms of CSN1S1 gene had significant effect on FFA con-
centration of Norwegian and Alpin dairy goats, respectively. Con-
trary to Chilliard et al.21 and Dagnachew and Ådnøy6, the effect
of the CSN1S1 gene on the FFA value of Saanen milk was found
statistically insignificant. The variation of the results could be
related to flock differences.
The freezing point is known to be preferred as a reliable
method to confirm the adulteration of milk with water and be-
ing an indicator to determine the amount of water into the milk.
This parameter based on many factors such as milk compound,
the milking number, the month of milking, the breed, the feed-
ing or weather conditions, and the health of the mammary
gland22,23. In recent years, the effect of some genetic polymor-
phisms on FPD was noted by the scientists8,24, Zhang et al.8 point-
ed out that the II (homozygote insertion type-insertion/inser-
tion) and ID (heterozygote type-insertion/deletion) genotypes
exhibited higher values for FPD in Guanzhong dairy goat than
DD (homozygote deletion type-deletion/deletion). On the
other hand, Balia et al.24 reported that the freezing point was not
affected by CSN1S1 gene but significantly influenced by the stage
of lactation. Although the CSN1S1 gene affected the casein con-
tent of milk, it was similar to data recorded by Balia et al.24 ,the
impact of this gene on FPD was found not significant in the pres-
ent study.

CSN1S1- B1 B1-B1 48 96 0,0392 1,0408 0,0384 0,0208 0,885

B1-NB11 2 4

NB1-NB1 - -

CSN1S1- B3 B3-B3 5 10 0,4488 1,8142 0,3481 0,2416 0,623

B3-NB3 24 48

NB3-NB3 21 42

CSN1S1- E E-E 3 6 0,3750 1,6000 0,3047 0,0088 0,925

E-NE 19 38

NE-NE 28 56

CSN3 FF 49 98 0,0198 1,0202 0,0196 0,0051 0,943

MF 1 2

MM - -

AGPAT6 CC 29 58 0,3750 1,6000 0,3047 0,4356 0,509

GC 17 34

GG 4 8

Table 1 - The genotype frequencies of CSN1S1, CSN3 and AGPAT6 genes, population genetic indices and accordance with HWE.

Gene Genotype n % He Ne PIC 2(HWE) P(HWE)

1 NB1: non-B1, 3 NB3: non-B3, 4 NE: non-E, χ2(HWE) - Hardy-Weinberg equilibrium χ2 value,  n: number of goats,
He: gene heterozygosity; Ne: effective allele number,  PIC: polymorphism information content, The consistent with HWE.
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The AGPAT6 gene, which has an important role in glycerolipid
biosynthesis catalysis, also known as a candidate gene for milk
fat content11. Unfortunately, little knowledge exists on literature
about the effect of that gene on goat milk. He et al.11 indicated that
the GG and CG genotypes for 9263C>G locus showed highly bet-
ter milk performance than genotype CC individuals in Chinese
dairy goat breeds for milk yield and fat performance. In anoth-
er research, Cecchinato et al.13 investigated the impact of 96 SNPs
from 54 candidate genes, including the AGPAT6 gene, on milk
yield/quality and urea nitrogen content, according to result no
significant effect observed on milk yield or urea concentration
in Brown Swiss cattle. The present results indicated the non-sig-
nificant effect of AGPAT6 gene on urea concentration in Saanen
milk. This conclusion is consistent with data found in the liter-
ature Cecchinato et al.13. In other respects, the AGPAT6 gene might
be tended to significant (P=0.086) on density in current research.
Effect of lactation stage, length, or milking frequency on milk
yield25,26 and cheese-making properties such as quality of ren-
net curdling were well-documented in previous studies27.
Moreover, the lactation number or LR was investigated, and Vi-
jayakumar et al.26 declared that a greater milk yield during the
early stage with 4× milking frequencies per day was detected on
the 3rd lactation33. Bhosale et al.25 and Novotna et al.28 emphasized
that the effect of lactation number was significantly associated
with the titrable acidity (°SH) in goat and sheep breed, respec-
tively (P<0.05). Unlike the findings of Bhosale et al.25 and Novot-

na et al.28, the LR was not found effective on the physicochem-
ical properties of goat milk except citric acid (P=0.090-tended
to be significant) in the present study. Moreover, it was known
that the citric acid concentration decreased during the lactation.
The reason for different citric acid concentration levels during
the lactation or different lactations might be nutritionally
based, such as insufficient mineral absorption.

Correlations between the
physicochemical properties of goat
milk
The correlation between acidity and density values found -0.304
(P<0.05) in the present study, accordance with Chornobai et al.29

and Kaw cka et al.23 who indicated coefficients 0.2115 and 0.49
respectively. On the other hand, an important correlation between
the acidity and urea was determined by Todaro et al.30, Kuchtík
et al.27 (P≤0.001) and Kaw cka et al.23 (P<0.05) in Saanen goats,
East Friesian ewes and Mountain sheep of Poland respectively.
Unlike these findings, the urea of milk that provides to control
the protein level of forages was significantly correlated only with
the LR in our study. The organic acids of milk, such as citric, pyru-
vic, malic, or lactic acids, play an important role in the flavor and
storage time of dairy products; thus the correlations between the
physicochemical parameters of milk is so critical for the con-
sumer4. Consistent with our results, Kaw cka et al.23 claimed that
the citric acid positively correlated with FPD of the milk. The

CSN1S1- B1 B1-B1 48 7.289 ± 0.59 0.052 ± 0.014 1028.36 ± 1.15 0.574 ± 0.08 0.510 ± 0.01 0.041 ± 0.003

B1-NB11 2 7.263 ± 0.796 0.063 ± 0.019 1027.51 ± 1.55 0.582 ± 0.10 0.508 ± 0.02 0.038 ± 0.007

NB1-NB1 - - - - - - -

P 0.963 0.426 0.413 0.901 0.929 0.450

CSN1S1- B3 B3-B3 5 7.323 ± 0.548 0.053 ± 0.013 1027.64 ± 1.07 0.574 ± 0.07 0.508 ± 0.01 0.047 ± 0.004

B3-NB33 24 7.455 ± 0.829 0.061 ± 0.020 1028.06 ± 1.61 0.570 ± 0.10 0.505 ± 0.02 0.035 ± 0.006

NB3-NB3 21 7.050 ± 0.850 0.058 ± 0.021 1028.12 ± 1.66 0.589 ± 0.11 0.513 ± 0.02 0.037 ± 0.006

P 0.517 0.899 0.949 0.911 0.500 0.157

CSN1S1- E E-E 3 7.240 ± 1.110 0.058 ± 0.027 1028.03 ± 2.17 0.552 ± 0.14 0.509 ± 0.02 0.033 ± 0.008

E-NE 19 7.075 ± 0.599 0.057 ± 0.015 1027.92 ± 1.17 0.583 ± 0.08 0.512 ± 0.01 0.045 ± 0.005

NE-NE 28 7.517 ± 0.488 0.058 ± 0.012 1027.85 ± 0.95 0.599 ± 0.06 0.505 ± 0.01 0.041 ± 0.004

P 0.479 0.998 0.990 0.855 0.602 0.246

CSN3 FF 49 6.943 ± 0.331 0.0624 ± 0.008 1027.06 ± 0.65 0.630 ± 0.04 0.505 ± 0.01 0.044 ± 0.003 

MF 1 7.61 ± 1.15 0.0527 ± 0.028 1028.82 ± 2.23 0.525 ± 0.15 0.512 ± 0.02 0.035 ± 0.009

MM - - - - - - -

P 0.546 0.715 0.411 0.457 0.737 0.256

AGPAT6 CC 29 7.250 ± 0.606 0.056 ± 0.015 1027.78 ± 1.18 0.613 ± 0.08 0.510 ± 0.01 0.042 ± 0.005

GC 17 7.505 ± 0.695 0.057 ± 0.017 1028.75 ± 1.35 0.567 ± 0.09 0.515 ± 0.01 0.039 ± 0.005

GG 4 7.073 ± 0.722 0.060 ± 0.018 1027.28 ± 1.41 0.554 ± 0.09 0.501 ± 0.01 0.038 ± 0.005

P 0.475 0.909 0.086~ 0.217 0.236 0.183

LR 1 12 7.178 ± 0.619 0.064 ± 0.015 1027.59 ± 1.21 0.582 ± 0.08 0.505 ± 0.01 0.043 ± 0.005

2 10 7.119 ± 0.713 0.065 ± 0.017 1028.08 ± 1.39 0.601 ± 0.09 0.512 ± 0.01 0.039 ± 0.005

3 15 7.727 ± 0.669 0.051 ± 0.016 1028.39 ± 1.30 0.562 ± 0.09 0.515 ± 0.01 0.039 ± 0.005

≥4 13 7.080 ± 0.680 0.050 ± 0.017 1027.69 ± 1.33 0.567 ± 0.08 0.503 ± 0.01 0.037 ± 0.005

P 0.104 0.090~ 0.533 0.774 0.173 0.159

Table 2 - Levels of significance, least squares means and standard errors for the effect of CSN1S1, CSN3 and AGPAT6 gene polymorphisms
on physico-chemical properties of Saanen milk.

Genotype n Acidity (°SH) Citric acid (%) Density (g/L) FFA (mevk/L) FPD (°C) Urea (mg/100ml)

LR: Lactation rank/number, ~: tended to be significant   

03 Deniz imp ok autore_ok  28/08/20  16:27  Pagina 170



Dincel Deniz et al. Large Animal Review 2020; 26: 167-171 171

significant correlations between the citric acid-FPD, citric acid-
acidity, FPD-density, and FFA-density were observed in the pres-
ent investigation, in close agreement with Kaw cka et al.23. How-
ever, the correlation between FPD and acidity was found in-
significant, differing from that research.

CONCLUSIONS

The physicochemical properties of milk are an important issue
for the milk industry in case of an impact on the technical process
of milk products. Thus the determination of the factors influ-
enced that properties have an important role. Although the ef-
fect of CSN1S1 (B1, B3, E) and CSN3 gene on studied param-
eters were not found significant, the effect of the AGPAT6 gene
on density and the LR on citric acid ratio were established tend-
ed to be significant in the current study. Moreover, the identi-
fication of these characteristics in Saanen goats also con-
tributed to the limited literature knowledge. Further studies that
will be done to enlarged the investigated population or the true
effects on these traits might be useful for the goat breeding and
dairy industry. Moreover, significant correlations were ob-
served between the investigated physicochemical parameters. So
take these correlations into consideration while performing the
selection program according to milk yield or quality might be
beneficial for breeders.
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2. Kyselová J., Ječmínková K., Matějíčková J., Hanuš O., Kott T., Štípková M.,
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Citric acid -0.304 *

Density 0.641 *** -0.252~

FFA -0.332 * 0.118 -0.315 *

FPD 0.229 0.275 * 0.436 ** 0.050

Urea -0.145 -0.180 0.052 0.110 -0.016

Lactation rank 0.005 -0.313* -0.068 -0.132 -0.203 -0.369 **

Table 3 - Pearson correlations among some values of physico-chemical properties of goat milk.

Variables Acidity Citric Acid Density FFA FPD Urea

* P<0.05; ** P<0.01; *** P<0.001, ~: tended to be significant (P:0.077). 
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