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ABSTRACT

Fatty acid composition of milk has become an important trait in dairy production, but there has not been a
large amount of research on milk fat composition in beef cows. The aim of this study was to evaluate the effects of
polymorphisms in the fatty acid synthase (FASN) and acyl-CoA diacylglycerol acyltransferase (DGATI) gene on milk
and colostrum fatty acid composition, and their direct (calf) and indirect (cow/mother) relationships with calf birth
weight and weight gain over 14 days. Eight Charolais cows and eight calves were genotyped using the PCR-RFLP
method. The cows’ milk and colostrum fatty acid profiles and their calves’ weight at birth and 14 day weight gain
were analysed. In the colostrum, cows with DGATI genotype KA had a significantly higher content of C4:0 and lower
C10:0, and with FASN diplotype TW/AR a tendency for higher C14:0 and C16:0 colostrum FA content. In the milk,
Charolais cows with diplotype TW/AR tended to have higher C14:1, C16:0 and C16:1, but lower C18:0 content. At
the same time, no associations were found between DGATI genotypes and the fatty acid composition of milk. There
were also no significant associations found between the studied SNPs and the calf’s birth weight and weight gain over
14 days, although calves with DGAT1 KA genotype tended to have higher birth weight.
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Introduction

Incow-calfproduction systems, the development
and weights of calves are determining factors for
productivity and the main source of farm income
that greatly depend on both the genetic potential
of the calf (direct effect) and the effect of the dam
(maternal effect) (PACHECO CONTRERAS et
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al., 2015; CORTES-LACRUZ et al., 2017). The
first mammary secretion produced directly before
giving birth and over the following days, that then
rapidly turns into milk, is defined as colostrum
(PUPPEL et al., 2019). Colostrum and milk are
the primary food consumed by calves from birth
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to weaning. Therefore, its production is considered
a key component of maternal ability and, in beef
cattle, milk production is a major factor influencing
pre-weaning growth. Consequently, milk yield and
quality have been proposed as significant factors
influencing the development of calves during the
preweaning period (PACHECO CONTRERAS et
al., 2015; CORTES-LACRUZ et al., 2017).
During the last few decades, improving milk fat
content has been one of the focuses of the dairy
industry. However, lately more and more emphasis
has been given to its fatty acid composition, as
this could have a major impact on human health
(GUTIERREZ-GIL et al., 2010; BARTON et al.,
2016; KALE et al., 2021). Therefore, candidate
genes involved in fat synthesis and metabolic
pathways are being investigated for potential
improvement in milk production and composition
traits (MATSUMOTO et al., 2012). Many studies
with diverse dairy cattle breeds have indicated
FASN and DGAT as promising candidate genes for
milk fatty acid composition (LI et al., 2016). Fatty
acid synthase (FASN), a multifunctional enzyme
complex that catalyses the de novo biosynthesis
of long-chain fatty acids, has been mentioned as
a promising candidate gene for milk and beef fat
composition (ABE et al., 2009; SCHENNINK et
al., 2009; MATSUMOTO et al., 2012; LI et al.,
2016). Two nonsynonymous SNPs with a potential
link to lactation traits were found on exon 34 - the
A/G substitution at position 5848 that was predicted
to cause amino acid substitution from threonine to
alanine (T1950A), and the T/C at position 5863
that results in tryptophan to arginine substitution
(W1955R; MATSUMOTO et al, 2012). The
DGATI gene encodes the acyl-CoA diacylglycerol
acyltransferase 1 enzyme that catalyses the
final step in triglyceride synthesis (PANNIER
et al., 2010). A nonconservative dinucleotide
polymorphism (AA>GC) causing lysine to alanine
substitution (K232A) is associated with variations
in milk production, and milk and intramuscular fat
content (KUHN et al., 2004; ANTON et al., 2011).
Even though fatty acid composition has become
an important trait in dairy production, there has not
beenagreatdeal of emphasis onmilk fat composition
in beef cows. Previous studies have examined
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the influence of milk yield and composition on
preweaning growth and weaning weights (WANG
etal., 2009, PACHECO CONTRERAS et al., 2015,
SAPKOTA et al., 2020), as well as the fatty acid
composition of beef and the influence of different
SNPs on it (GUTIERREZ-GIL et al., 2010;
BARTON et al., 2016; PAPALEO MAZZUCCO et
al.,2016). However, the milk fatty acid composition
in Charolais cattle, and the influence of different
SNPs on it and its relationship with preweaning
growth have not yet been assessed. Given the
importance of milk quality, the present study aimed
to estimate the frequency of the polymorphic
alleles of FASN and DGATI genes in Charolais
cattle. The aim was to evaluate the relationship of
these polymorphisms with colostrum and milk fat
composition, and their direct (calf) and indirect
(cow/mother) relationships with calf birth weight
and their weight gain over 14 days.

Materials and methods

Animals. A total of eight, clinically healthy
Charolais cows and eight calves, kept in a grass-
based cow-calf production system, were included
in this trial. The animals were kept on pasture
most of the year, but during the winter and early
spring period (when calvings took place — late
March/early April), they were housed in a barn.
While housed, the cows were fed a basal TMR diet,
consisting of haylage and corn concentrate, and
had constant access to drinking water. The calves
were kept together with their mothers and allowed
to nurse ad libitum. Milk samples were obtained on
the 1st (6 h after calving; colostrum) and 14th days
of lactation. Calves were weighed at birth and at 14
days of age.

Genotyping. Following protocol instructions,
DNA was extracted from blood samples using a
GenElute™ Blood Genomic DNA Kit (Sigma-
Aldrich, Germany). The amplification primers
and PCR reaction protocol for FASN T1950A and
W1955R used were according to MATSUMOTO
et al. (2012), and for DGATI K232A according
to KUHN et al. (2004). The FASN PCR products
(5 pL) were digested with Hha 1 (T1950A) and
Nci 1 (W1955R) restriction enzymes, and DGATI
K232A with Cfrr I restriction enzyme, following
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the supplier’s manual. The resulting fragments
for DGATI (allele K one uncut fragment of 411
bp, allele A two fragments of 208 and 203 bp)
and FASN (T1950A: allele A one uncut fragment
of 336 bp, allele G two fragments of 262 and 74
bp; W1955R: allele T one uncut fragment of 336
bp, allele C two fragments of 247 and 89 bp) were
separated on a 3% agarose gel (3 hours/140V). As
the genotypes of T1950A corresponded to those of
W1955R, as earlier reported by ABE et al. (2009)
and MATSUMOTO et al. (2012), they are later
analysed as diplotypes (TW/TW, TW/AR, AR/AR).
Analysis of fatty acid composition in milk. Milk
fat extraction and fatty acid analysis procedure were
done according to MASEK et al. (2014). The fatty
acid composition was calculated as individual fatty
acid percentages relative to the total fatty acids.
Statistical analysis. Calculation of allele and
genotype frequencies, polymorphism deviation
from Hardy-Weinberg equilibrium, and population
genetic indices (observed heterozygosity - H,
expected heterozygosity - H, and fixation index
- F,) were performed by POPGENE32 software,
version 1.32 (YEH et al., 2000). Polymorphism
information content (PIC) was calculated
according to BOTSTEIN et al. (1980). Statistical
analyses were performed using Statistica v.13

(TIBCO Software Inc, 2017). Data were assessed
for significance by the Mann-Whitney U-test.
Significance was determined at P<0.05.

Results

The allelic frequencies, genotypic frequencies,
genetic indices and Hardy-Weinberg equilibrium of
the FASN and DGATI genes are presented in Table
1. The most frequent diplotype of the FASN gene
was AR/AR (0.69), with haplotype AR (0.78) more
frequent. In DGATI, the genotype KA prevailed
(0.56), whereas the genotype KK was not found.
Consequently, allele K was less frequent (0.28).
From the two examined genes, a heterozygosity
deficiency was found in the FASN gene, while a
heterozygosity excess was found in the DGATI
gene. The distribution of diplotypes / genotypes
was in the Hardy-Weinberg equilibrium for the
DGATI gene (P>0.05), but not for the FASN gene
(P=0.045). This could be attributed to the fact that
breeding is not random but done with planned bull
substitutions. According to the classification of PIC
(PIC value < 0.25 - low polymorphism; 0.25 < PIC
value < 0.50 — intermediate polymorphism; and
PIC value > 0.50 — high polymorphism), the studied
loci possessed intermediate genetic diversity.

Table 1. Allele/haplotype and genotype/diplotype frequencies, genetic indices and Hardy-Weinberg equilibrium
of FASN and DGAT1I genes.

Haplotype/ . Diplotype/
Gene Hagllg)ltl}épe/ Sllel}(;p ]?gg)riggﬁz/ gfnogﬁe H, H, F PIC I%;)\;V
frequency frequency
™ 0.22 TW/TW 0.13
FASN AR 0.78 TW/AR 0.19 0.19 | 035 | 045 | 0.28 | 0.045
AR/AR 0.69
K 0.28 KK 0
DGATI A 0.72 KA 0.56 056 | 042 | -039 | 032 | 0.14
AA 0.44

Total FA composition and associations between
the studied FASN and DGATI polymorphisms and
FA composition of colostrum and milk are presented
in Tables 2 and 3. In the colostrum, cows with
DGATI genotype KA had a significantly higher
content of C4:0 and lower C10:0 (P<0.05). For the
FASN gene, cows with diplotype TW/AR tended to
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have higher C14:0 and C16:0 colostrum FA content
(P=0.07). In milk, Charolais cows with diplotype
TW/AR tended to have higher C14:1, C16:0 and
C16:1, while lower C18:0 content (P=0.07). There
were no associations found between DGATI
genotypes and the FA composition of milk (P>0.05).
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Table 2. The effect of FASN T1950A and W1955R diplotype and DGAT] K232A on colostrum FA composition in
Charolais cows. Values are expressed as mean =+ standard deviation (X+ SD).

Total FASN DGATI
FA TW/AR AR/AR KA AA
X+ SD X+ SD X+ SD X+ SD X+ SD

C4:0 412+ 1.14 3.7+1.77 426+ 1.05 529 +£0.53** 3.42 £0.7%*
C6:0 1.18+0.22 1.02+0.02 1.23+0.23 1.12+0.12 1.21+0.27
C8:0 0.67£0.15 0.59 +£0.004 0.7+0.16 0.59+0.04 0.72+0.17
C10:0 1.42+0.28 1.28+0.2 1.47+0.3 1.12 £ 0.02** 1.6 £0.16**
C12:0 2.46+0.24 2.59+0.03 2.41+0.27 2.28+0.31 2.56+0.14
C14:0 12.57+1.27 13.76 £ 0.48* 1217+ 1.21%* 12.34+1.94 12.73 £ 0.92
Cl14:1 0.91+0.73 0.89+0.03 0.91+0.87 0.56 +0.27 1.11+0.87
C15:0 1.35+0.24 1.29+0.38 1.37+0.22 1.4+0.36 1.324+0.18
C16:0 37.12+3.62 40.96 £ 0.01* 35.83 +£3.24*% 36.38 £4.05 37.57+3.76
Cle:1 334+1.99 3.06 £0.46 3.444+2.33 2.63+0.71 3.77 £2.46
C17:0 0.92+0.19 0.87+0.02 0.94 +£0.23 1.05+0.23 0.85+0.14
C18:0 9.942.13 8.32+1 10.43+2.2 10.89 £2.95 931 £1.56
C18:1n9 19.01 + 1.56 17.56 £ 1.61 195+ 1.32 18.39 £ 2.56 19.39+0.7
C18:1tl11 1.88+0.29 1.57+0.25 1.99+0.24 1.95+0.48 1.84+0.17
C18:2n6 cis 2.16 £1.56 1.55+0.11 237+1.8 3+2.55 1.66+0.42
C18:3n3 0.98 £0.16 0.98+0.14 0.994+0.18 1.05+0.17 0.94+0.16
SCFA 739 £1.17 6.59 £1.55 7.66 £1.05 8.12+0.69 6.95+1.23
SFA 71.71 £3.51 74.39 +£ 1.69 70.81 £ 3.58 72.42 +£2.84 7128 £ 4.11
MUFA 25.15+3.47 23.08 +£1.44 25.84+£3.76 23.53+1.97 26.12 +3.99
PUFA 3.15+1.67 2.53+£0.26 3.35+1.93 4.05+2.69 2.6+0.54

FA - % from total FA content; SCFA — short chain fatty acid; SFA — saturated fatty acid; MUFA — monounsaturated fatty acid;

PUFA — polyunsturated fatty acid
*differing significantly at P<0.1 (within the same gene and row)
**differing significantly at P<0.05 (within the same gene and row)

Table 3. The effect of FASN T1950A and W1955R diplotype and DGATI K232A on milk FA composition in

Charolais cows. Values are expressed as mean + standard deviation (X + SD)

Total FASN DGATI1
FA TW/AR AR/AR KA AA

X+ SD X+ SD X+ SD X+ SD X+ SD
C4:0 1.84 £0.28 1.88 +£0.08 1.82+0.33 1.79 £ 0.38 1.86 +0.25
C6:0 1.94+0.16 1.94 +£0.14 1.94 £0.18 1.96 £0.23 1.93+0.14
C8:0 1.34 £ 0.15 1.31+0.13 1.35+0.17 1.4+0.2 1.31 £0.12
C10:0 2.89+0.35 2.91+0.34 2.88+0.38 3.07 +£0.35 2.77+0.32
C12:0 3.25+0.52 3.53+041 3.16 £0.55 3.18+0.87 3.29+0.3
C14:0 11.47 £0.58 11.86 £ 0.48 11.34 £ 0.59 11.66 £0.17 11.36 £ 0.74
Cl14:1 0.62+0.15 0.79 + 0.06* 0.56 £0.12%* 0.66+0.16 0.59+0.16
C15:0 1.85+0.31 1.95+0.65 1.81 £0.21 1.61 £0.19 1.99 +£0.29
C16:0 36.65+2.77 39.59+0.18* 35.67 £2.47* 36.83 £2.77 36.54 +3.09
Cl16:1 1.92 £0.36 2.36+0.35%* 1.77 £0.23* 1.96 +£0.57 1.89 £0.25
C17:0 0.84+0.11 0.79 +£0.13 0.86+0.11 0.79 £0.11 0.87+0.12
C18:0 13.14+2.21 10.45 £ 0.06* 14.04 £ 1.73* 12.81+£2.32 13.35+24
C18:1n9 16.63 £2.25 15.73+£1.22 16.93 +£2.52 16.06 £ 1.59 16.97 +£2.68
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Table 3. The effect of FASN T1950A and W1955R diplotype and DGATI K232A on milk FA composition in
Charolais cows. Values are expressed as mean + standard deviation (X + SD) (continued)

Total FASN DGATI
FA TW/AR AR/AR KA AA

X+ SD X+ SD X+ SD X+ SD X+ SD
C18:1tl1 1.41+0.27 1.4+0.09 1.42 £0.31 1.37+0.15 1.43£0.33
C18:2n6 cis 3.37+1.06 2.66 +0.82 3.61+1.08 4+1.09 3+0.94
C18:3n3 0.85 £ 0.09 0.86 = 0.05 0.85+0.11 0.84 +£0.1 0.85+0.1
SCFA 8.01 +0.75 8.04 + 0.69 8+0.83 8.23 + (.89 7.88 +0.73
SFA 75.21 +1.91 76.22 £ 2.49 74.87 £1.82 75.11 £0.76 75.27 £ 2.46
MUFA 20.58 +£2.39 2027+ 1.72 20.68 £2.72 20.05+1.93 20.89 +2.8
PUFA 422 +£1.08 3.51+0.77 446 +1.11 484+1.19 3.85+0.93

FA - % from total FA content; SCFA — short chain fatty acid; SFA — saturated fatty acid; MUFA — monounsaturated fatty acid;
PUFA — polyunsturated fatty acid

The effects of the cow’s and calf’s FASN T1950A
and W1955R diplotype and DGATI K232A on the
birth weight and weight gain over 14 days of calves

are presented in Tables 4 and 5. The only effect

found was the effect of the calf’s DGATI gene on
its birth weight — the calves with the KA genotype
tended to have higher birth weight (P=0.07).

Table 4. The effects of the cow’s/mother’s FASN T1950A and W1955R diplotype and DGATI K232A on the calf’s
birth weight and weight gain over 14 days. Values are expressed as mean =+ standard deviation.

FASN DGATI
Total TW/AR AR/AR KA AA
X+ SD X+ SD X+ SD X+ SD
Birth weight (kg) 54.5+3.63 544404 54.67 +3.83 5541.73 542446
Weight gainin 14| 5 ¢, 3 16 1475+ 0.35 16.3+3.75 14.67 +3.75 16.75 + 2.84
days (kg)

Table 5. The effects of the calf’s FASN T1950A and W1955R diplotype and DGATI K232A on birth weight and

weight gain over 14 days. Values are expressed as mean =+ standard deviation.

FASN DGATI
Total TW/TW TW/AR* | ARJ/AR KA AA
X+ SD X X+ SD X+ SD X+ SD
Birth weight (kg) | 54.5+3.63 54+424 55 54.6+428 | 56+2.68% 50+ 1.41%
Weight gainin 14| 5 e 316 | 14754035 15.5 165+43 15+2.69 18 + 4.24
days (kg)

#excluded from further analysis
" differing significantly at P<0.1

Vet. arhiv 92 (4), 389-397, 2022

393



M. Mauri¢ Maljkovi¢ et al.: The effects of FASN and DGATI gene polymorphism on milk fatty acid composition
and growth in Charolais calves

Discussion

While information exists about the influence
of DNA polymorphism on intramuscular FA
composition (ABE et al., 2009; GUTIERREZ-GIL
etal., 2010; PAPALEO MAZZUCCO et al., 2016),
there is almost no data on its influence on milk and,
especially, colostrum FA composition in beef cattle.
Therefore, in our study we explored genotypic
frequencies for the FASN and DGATI gene and
their influence on the fatty acid composition of
milk and colostrum in purebred Charolais cattle, as
well as their direct (calf) and indirect (cow/mother)
relationships with calf birth weight and their weight
gain over 14 days.

In our research, the TW haplotype was less
frequent in the FASN gene. Similar results for
the TW haplotype were reported by ABE et al.
(2009) in Holstein (0.171), Angus (0.015), and
Hereford (0.071) breeds, while the same authors
found a frequency of 0.667 in Japanese Black.
The same allele was also found in a frequency of
0.37 (CIECIERSKA et al., 2013) in the Holstein
breed and 0.225 in Fleckvieh bulls (BARTON et
al., 2016). Regarding the DGATI gene, allele K
being the less frequent was in agreement with some
earlier findings for Charolais (0.18), as well as for
Simmental (0.06), Limousin (0.12), Friesian (0.13),
Angus (0.18), Hereford (0), Belgian Blue (0.03),
Blond d’Aquitaine (0.17), Salers (0) (PANNIER et
al. 2010) and Fleckvieh cattle (0.058) (BARTON
et al., 2016), while others found a frequency of
0.82 in Charolais (AVILES et al., 2013), 0.84 and
0.64 in Limousin (AVILES et al., 2013; SEDYKH
et al.,, 2021), and 0.64 in Hereford (SEDYKH et
al., 2021). This wide range of frequencies indicates
the considerable genetic variability of these SNPs
in different breeds and populations (CIECIERSKA
et al., 2013).

The fatty acid composition of colostrum
and milk was not influenced very much by the
researched SNPs of FASN and DGATI genes.
This may be partially due to the low number of
animals involved in the study. For the FASN gene,
only tendencies (P=0.07) were found between
diplotypes and milk FA composition (Table 3). In
dairy cattle, SCHENNINK et al. (2009) reported
that the T1950A (A>G) GG genotype decreased
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C14:0 and increased C18:1n9 in Dutch Holstein—
Friesian cows. In contrast to this, LI et al. (2016)
reported that in Chinese Holstein cattle the T1950A
(A>G) GA genotype had higher C10:0, C12:0 and
C14:0 than the GG genotype. Other researchers
found that the TW/AR diplotype increased
C18:1n9 while decreased C14:0 and Cl4:1 in
Simmental cattle (MAURIC et al., 2019). From
all this, it may be concluded that the association of
this FASN SNP with milk production traits varies
depending on breed and population. Although
there were no associations found between DGAT
genotypes and FA composition of milk (P>0.05) in
this study, other authors found different results in
dairy cattle. SCHENNINK et al. (2007) found that
allele K of SNP K232A led to an increase in C16:0
and a decrease in C14:0 and unsaturated C18 in
Dutch Holstein Friesian cows. These results were
in agreement with those found by BOVENHUIS et
al. (2016) in Danish Jersey, and Danish and Dutch
Holstein, and by JUHLIN et al. (2012) in Swedish
Holstein and Swedish Red.

Interest in the composition of cow colostrum
is, for the most part, orientated towards the
macro components, with more in-depth research
focusing on the protein content, particularly
immunoglobulins. One of the least considered
colostrum components is fat, and even in studies
on colostrum fat, the main attention has been
focused on its total content and not its composition
(CONTARINTI et al., 2014; O’CALLAGHAN et
al., 2020). To our knowledge, there are no studies
focused on the influence of FASN and DGATI
genes on the FA composition of colostrum, whether
in dairy or in beef cattle. The results of this study
show that cows with DGATI genotype KA had a
significantly higher content of C4:0 and lower
C10:0 (P<0.05), and those with FASN diplotype
TW/AR tended to have higher C14:0 and C16:0
colostrum FA content (P=0.07). Considering that
the most critical time for calves, during which most
problems occur from disorders of the digestive
system due to poor colostrum quality or poor
husbandry, is the first two weeks (PUPPEL et al.,
2019), more importance should be ascribed to
colostrum fat quality and composition. Colostrum
fat provides energy for heat production to maintain
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body temperature (thermogenesis), and FA
oxidation helps continue active gluconeogenesis to
maintain glucose homeostasis (HAMMON et al.,
2012). Moreover, some FAs are beneficial for their
nutritional properties and specific health effects
(HILL et al., 2011).

In beef cattle, the uterine environment during
pregnancy, colostrum and milk are considered to
be the essential maternal effects influencing pre-
weaning calf growth (PACHECO CONTRERAS
et al., 2015; CORTES-LACRUZ et al., 2017). As
both investigated genes are involved in fatty acid
synthesis, their genetic variations could influence
not only milk quality but also fatty acid composition
and intramuscular fat level (SCHENNINK et al.,
2007; GUTIERREZ-GIL et al, 2010; ANTON
et al., 2011, BARTON et al., 2016; PAPALEO
MAZZUCCO et al, 2016). Based on the
knowledge of genetic control regulating fatty acid
metabolic pathways, the present study investigated
whether there are also direct (calf) and indirect
(cow/mother) relationships of FASN T1950A and
W1955R and DGATI K232 A with calf birth weight
and their weight gain in the most critical period, the
first 14 days (Tables 4 and 5). Among the examined
polymorphisms and effects, only the effect of the
calf’s DGATI gene on its birth weight was found,
where the calves with the KA genotype had a
tendency for higher birth weight (P=0.07).

Conclusions

In this study, not many associations were
found between the investigated SNPs of FASN
and DGATI genes and the studied traits. It must
be noted that this study was conducted on a small
number of animals due to the specificity of the
cow-calf production system, in which it might
be challenging to obtain all the necessary data.
Nevertheless, these results indicate potential
associations between the genes analysed and the
FA composition of colostrum and milk, as well
as the calf’s birth weight and weight gain over 14
days. Thus, further investigation is warranted in a
larger population, as the development and weight
of calves are determining factors for productivity,
and the main source of farm income.
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SAZETAK

Za razliku od mlijene industrije u kojoj je masnokislinski sastav mlijeka postao vazno obiljezje, u mesnih
krava nema mnogo istrazivanja o njegovom sastavu. Cilj ovog istrazivanja bio je procijeniti u¢inke polimorfizama
sintaze masnih kiselina (FASN) i acylCoA diacilglicerol aciltransferaze (DGAT1) na sastav masnih kiselina mlijeka
1 kolostruma te njihov izravnan (tele) i neizravan (krava/majka) utjecaj na tjelesnu masa teladi pri porodaju i prirast
u prvih 14 dana. Metodom PCR-RFLP genotipizirano je ukupno 16 goveda Charolais pasmine (8 krava i 8 teladi).
Analiziran je masnokiselinski sastav mlijeka i kolostruma te porodajna masa teladi i prirast u prvih 14 dana. Krave
DGATI genotipa KA imale su znakovito ve¢i udio C4:0 i nizi C10:0, a krave FASN diplotipa TW/AR imale su
tendenciju vecéeg udjela C14:0 i C16:0 u kolostrumu. U mlijeku, krave s diplotipom TW/AR imale su tendenciju
za ve¢im udjelom C14:1, C16:0 i C16:1, te nizim udjelom C18:0. Izmedu genotipova DGAT! i sastava masnih
kiselina mlijeka nije pronadena povezanost. S obzirom na porodajnu masu i prirast u prvih 14 dana, jedina pronadena
povezanost bila je u teladi s genotipom DGATI KA koja su imala tendenciju veée porodajne mase.

Kljuéne rijeci: mlijeko; kolostrum; masne kiseline; DGAT1; FASN; Charolais
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