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Abstract

The aim of this study was to investigate the influence of crossbreeding and the LPL genotype
on goat milk yield, composition and quality indicators. This research was carried out in a herd
of pure-breed Saanen, Anglo-Nubian, and crosshred Saanen and Anglo-Nubian goats (n=137)
in Lithuania. Saanen x Anglo-Nubian crossbred goats and Saanen had a significantly (P<0.05)
higher (34.91% and 16.03 %, respectively) milk yield compared to Anglo-Nubian goats. The
highest (P<0.05) fat and protein and the lowest (P<0.05) lactose percentages and somatic
cell count were found in the milk of Anglo-Nubian goats, compared to Saanen x Anglo-Nubian
crossbreds and Saanen goats. The highest (P<0.05) milk yield was determined in the CC
genotype of the LPL gene (on average 20.08 % higher than in the CG and GG genotypes) of
goats. However, the milk yield of the CC genotype was characterised (P<0.05) by the lowest
fat, protein and milk urea levels, and the highest amount of lactose compared to the milk of
the GG genotype. The study showed that breed and LPL genotype affected goat milk yield and
composition and appear to be the valuable biomarkers of the goat selection process.
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Introduction

The growing consumer interest in goat milk and dairy
products is related to nutritive values and positive
health benefits attached to these products (Turkmen,
2017). Nutritional and beneficial aspects of goat milk
are associated with higher unsaturated fatty acids
(UFA), short-chain fatty acids (SCFA), and medium-chain
fatty acids (MCFA) in comparison to cow milk (Kompan
and Komprej, 2012). Small fat globules and high SCFA
and MCFA such as C6:0, C8:0, C10:0 content provide a
typical “goat” flavour and better digestibility of goat
milk products (Turkmen, 2017; Martin et al.,, 2017).
Lower occurrence of milk protein allergies is one of
the most important effects of goat milk. The B-casein/
as1-casein ratio of goat milk proteins is close to human
milk, resulting in higher digestibility compared with cow
milk (Turkmen, 2017). Besides, goats have better feed
uptake, and a higher proportion of body weight is in the
mammary gland tissue; hence, they can produce more
milk compared to live weight than other dairy ruminants
(Taiwo Idowu and Olufunke Adewumi, 2017).

The goat milk yield and milk composition depend
on genetic and non-genetic factors (Taiwo Idowu and
Olufunke Adewumi, 2017). Different goat breeds have
different milking potentials (Curro et al., 2019; Tatar et al.,
2019; Taiwo Idowu and Olufunke Adewumi, 2017). This
is possible because their genomes are different. Specific
genes, such as DGAT1, STATS, PITX2, LIPE, LPL, etc.,
have been identified to affect milk yields and composition
traits (Martin et al., 2017; Amills, 2014). The hydrolysis of
milk fat globule triglycerides into free fatty acids is carried
out by lipoprotein lipase (LPL). It is a 56-kDa enzyme that
also plays a key role in regulating the levels of plasma
lipoproteins in the adipose and muscular tissues as
well as in other body parts such as liver, heart, nervous
system, and mammary gland (Badaoui et al., 2007). The
LPL gene consists of nine exons and eight introns, for a
total of 3555 nucleotides (Brzakova et al., 2021). There
is very little information on the influence of the goat LPL
gene on the quantity and quality of production; therefore,
it is important to study the polymorphisms of this gene
and their influence on production as much as possible.

In order to increase goat productivity, goats with high
milk production as Saanen, Toggenburg, Alpine, and
Anglo Nubian have been used for crossbreeding of local
goats (Serradilla, 2001; Kume et al., 2012; Momani et al.,
2012; Hadi-Tavatori et al., 2020; Cak et al., 2021). Saanen
goats are valued for their high milk yields, while milk of
Anglo-Nubian goats is rich in milk fat (Goetsch et al,,
2011; Shuvarikov et al., 2021).

There are sufficient data on improving the productivity
of local goat breeds. However, analysis of scientific
literature has shown that there is still a lack of data on
the crossbreeding of high-producing goat breeds and
how this affects milk composition, quality, and milk yield.
Therefore, the aim of this study was to investigate the
influence of crossbreeding and the LPL genotype on goat
milk yield, composition and quality indicators.
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Materials and methods

Animals and management

This study was conducted in 2020 at a Lithuanian dairy
goat farm, from May to July. It involved two purebred
goat breeds, Saanen (n=57) and Anglo-Nubian (n = 35),
as well as their crossbreds (Saanen (%) x Anglo-Nubian
(3), n=45). All 137 selected dairy goats had no swollen
udders, did not exhibit any visible clinical signs, were
on average 3.420.11 parity (1t parity = 15, 2™ parity =
19, 3 parity = 40 goats, 4™ and more parity = 63 goats)
and on average 35+2.00 days of lactation at the start
of the experiment. All investigated goats were raised in
the same housing and feeding conditions and received
a total mixed ration (TMR) from pasture grass and hay
(ad libitum) and concentrates (600 g) (Table 1). Drinking
water was given ad libitum.

The animals were milked twice a day (7:00 a.m. and
6:00 p.m.). The milking parlour had a low-line design, self-
locking gates, and 2 platforms with 8 milking units and
milking posts per platform. The research was conducted
following the provisions of the Republic of Lithuania on
Animal Welfare and Protection, No XI-2271 (2012), and
the Requirements of keeping, maintenance, and use for
animals used for scientific and educational purposes, No
XI-2271 (n.d.).

Milk yield, composition and quality
investigations

Milk samples of individual goats were collected
from May 1, 2020, to July 31, 2020, three times per
experiment (on the 15" day of each month). Analysis

Table 1. Chemical composition of TMR ingredients

Indicators Pasture grass | Hay Concentrate
Dry matter, g/kg 269 840 844
Ash, g/kg 77 60 19
Crude protein, g/kg 119 110 100
Crude fibre, g/kg 241 252 50
Crude fat, g/kg 31 20 19
Total sugar, g/kg 109 127 50
Acid detergent fibre

(ADF), g/kg 287 355 -
Acid detergent lignin, W " B
g/kg

Neutral detergent fibre

(NDF), g/kg 453 476 178
Net energy for

lactation (NEL), MJ 6.1 83 82
Digestibility of organic

matter (%, OM) 70.7 29 838
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of goat milk composition (fat, protein, lactose, and
urea) was made by Lithuanian accredited central
milk testing laboratory CJSC Pieno Tyrimai, using
spectrophotometers LactoScope 550 and LactoScope
FTIR (Delta Instruments, the Netherlands). The somatic
cell count (SCC) in milk was determined by the flow
cytometry method using the Somascope CA-3A4 (Delta
Instruments, the Netherlands). Goat milk yield was
analysed during control milking and evaluated according
to the information made available by the Agricultural
Information and Rural Business Centre.

Analysis of the fatty acids (FA) composition of goat
milk was carried out at the Chemical Laboratory of the
Livestock Farming Institute of the Lithuanian University
of Health Sciences. The cream of goat milk was separated
by centrifugation (4000 rpm). The fat was extracted with a
mixture of chloroform and methanol (3:1) and methylated
with 2 % sodium methylate solution (Christopherson and
Glass, 1969). The mixture of the FA methyl esters was
injected in the CG-2010 SHIMADZU gas chromatographer
equipped with the hydrogen flame detector. The FA
were identified according to output times of a known FA
standard composition (Supelco 37 FAME mix, Linoleic
acid methyl ester isomer mix, Supelco Trans FAME mix
K110) and were calculated by using the CG Solution data
processing programme. Individual FA were expressed
as the percentage of the total FA identified. Depending
on the number of carbon atoms, FA were summed into
short-chain fatty acids (SCFA; C2-C4), medium-chain
fatty acids (MCFA; C8-C15), and long-chain fatty acids
(LCFA; C16 and more) (Yilmaz-Ersan, 2013). According
to the presence and the number of single and double
bonds, FA were grouped into saturated fatty acids (SFA),
unsaturated fatty acids (UFA), monounsaturated fatty
acids (MUFA), and polyunsaturated fatty acids (PUFA).

Goat gene variation investigations

Goat gene analyses were performed at the Lithuanian
University of Health Sciences, Institute of Biology
Systems and Genetic Research, Dr. K. JanuSauskas
Laboratory of Genetics. Goat hair samples were collected
for the DNA extraction and SNP genotyping. Genome
DNA was extracted from the hair follicle using lysis buffer
containing DTT (1M), Chelex 100, Proteinase K (20 mg/
mL) (Thermo Fisher Scientific, Waltham, MA, USA). The
samples were incubated together with the lysis buffer
at 56 °C for 45 min. After the incubation, the samples
were heated at 94 °C for 10 min. The polymerase chain
reaction method and the restriction length polymorphism
methods were used for the determination of lipoprotein
lipase (LPL) gene polymorphism. Inregard to the goat LPL
gene sequence (GenBank accession number:DQ370053),
Primer3 and CLC Sequence Viewer 7 programmes
were used to select the oligonucleotide primers and
restriction enzyme. PCR-RFLP reactions were conducted
using LPL F: 5-AGACCGCTGCTCCAGCCT-3’, LPL R:
5’CAGCCCTCCGTGGGAGAC-3 oligonucleotide primers (10
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pmol) and Schl restriction enzyme. Reaction conditions
were as follows: initial denaturation at 95 °C for 2 min;
35 cycles of denaturation at 94 °C for 30 s, primer joining
temperature 58 °C for 40 s and chain synthesis at 72
°C for 45 s; and final synthesis at 72 °C for 7 min. After
amplification, 10 pL of the PCR product was digested
with the selected restriction enzyme according to the
recommendations of the manufacturer (Thermo Fisher
Scientific, Waltham, MA, USA).

PCR product restriction site locations were identified
by the electrophoresis method using a 3 % agarose
gel with ethidium bromide. Ethidium bromide was
added to agarose up to the final concentration of
0.5 pg/mL (Thermo Fisher Scientific, Waltham, MA,
USA). Identification of fragments was performed in the
ultraviolet light using MiniBIS Pro Video Documenting
system (DNA Bio Imaging System, Neve Yamin, Israel).
Genetic tests were performed on 137 goats.

Statistical analysis of the data

Statistical data analysis was conducted using SPSS
25.0 (SPSS, Inc., Chicago, IL, USA) software. The data
were presented using descriptive statistics and normal
distribution analysis methods. One-way analysis of
variance was used for analysis of data. The impact of
crossbreeding and the LPL genotype on milk vyield,
milk composition and quality indicators was evaluated.
Multiple comparisons of group means were calculated
using the Tukey test. The differences were considered as
significant at P<0.05.

Results and discussion

The influence of crossbreeding on goat
milk yield, composition and guality

The analysis of the parameters showed that
crossbreeding affected daily milk yield (Table 2) of
crossbred goats. Saanen x Anglo-Nubian crossbred
goats had from 22.49 % to 34.91 % higher (P<0.001) milk
yield compared to purebred Saanen and Anglo-Nubian
goats. Gadir and El-Zubeir (2005) found a lower milk yield
of Nubian x Saanen crossbreds (1.24+0.34 L/d) than that
estimated in this study (1.69+0.08 kg/milking). Generally,
Saanen, Alpine, and Anglo-Nubian goats with excellent
milk production are used for crossbreeding to local goats
to improve their milk yield in many countries (Kume et
al., 2012; Momani et al., 2012; Hadi-Tavatori et al., 2020;
Cak et al., 2021). In the meantime, there is a lack of data
regarding milk yield and composition of Saanen x Anglo-
Nubian crossbreds. However, this study showed a positive
effect of crossbreeding on the milk yield estimated by
crosses of high-producing goat breeds.

The current study indicated that the milk vyield of
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purebred Saanen goats was significantly (by 16.03 %)
higher compared with Anglo-Nubian goats (P<0.05). Rojo-
Rubio et al. (2016) have also indicated that Anglo-Nubian
goat breed had significantly (P<0.05) lower daily milk
production compared to Saanen (2.07+0.22 vs. 2.62+0.17
kg/d). Shuvarikov et al. (2021) have found a similar trend
that the daily milk yield was 2.15+0.13 kg/d for Saanen
and 1.84+0.20 kg/d for Anglo-Nubian goat breed. Lotri¢
et al. (2017) have estimated that the milk yield of Saanen
goats was higher compared to Alpine goats in Croatia
(585.09+18.03 vs. 499.59+7.88 kg/lactation) and Slovenia
(511.74+28.92 vs. 486.38+18.86 kg/lactation).

The average fat content was 3.57+0.08 %, 3.98+0.14
%, and 5.01£0.12 % for Saanen, crossbreds of Saanen
X Anglo-Nubian, and Anglo-Nubian, respectively;
these differences between the goats were statistically
significant. These data were consistent with the results
reported by Clark and Sherbon (2000) and confirmed that
fat content in Anglo-Nubian milk was 1.4 times higher
than in Saanen milk. Shuvarikov et al. (2021) have also
found a higher (P<0.05) fat content in the milk of the
Nubian breed (4.30+0.03 %) compared to the milk of the
Saanen breed (4.02+0.05 %). In the current study, it was
observed that the milk yield of Saanen x Anglo-Nubian
crossbreds took an intermediate position according
to the fat content (3.98+0.14 %) and statistically
significantly differed from the milk yield of Anglo-Nubian
(P<0.001) and Saanen (P<0.01) goats. Gadir and El-Zubeir
(2005) estimated similar fat content (4.17+1.40 %) for
crossbreds of Nubian x Saanen goats.

Curro et al’s (2019) study with 6 purebred goat
breeds has not revealed a breed effect on the total fat
percentage but the authors have found some on a few FA.
C4:0, C14:0, iC15:0, aC15:0, C16:0, C16:1, iC17:0, aC17:0,
and C18:0 differ between Saanen and 5 local Italian
breeds. In this study, crossbreeding did not affect SCFA
significantly but showed some differences on a few MCFA
(Table 3). The Saanen goat milk had less (P<0.05) C13:0
than Saanen x Anglo-Nubian crossbred and less (P<0.05)
C15:0 than Saanen x Anglo-Nubian crossbred and
Anglo-Nubian goat milk. Differences in LCFA were more
pronounced. The lowest amount of C16:0 and the highest
amount of C18:1n9t, C18:2n6t, C18:2n6ct (compared with
Saanen and Saanen x Anglo-Nubian crossbred), C18:1n9,
and C20:1n9 (compared with Saanen) were found in the
milk of Anglo-Nubian goats. The milk of Saanen goats
had more iC17:0, C17:1n9, and less C21:0 and C20:1n3
than the milk of Saanen x Anglo-Nubian crossbreds. In

general, the most abundant FA in the milk of all goat
breeds was C10:0, C12:0, C14:0, C16:0, and C18:1n9,
which is consistent with the findings of other researchers
(Ripoll et al., 2020; Lopez et al., 2019).

Overall, FA differences were more pronounced between
purebred goat breeds in this study. Anglo-Nubian milk
had a higher (P<0.05) amount of PUFA, MUFA, and a
lower (P<0.05) amount of SFA compared to the milk
of Saanen goats, and was more favourable to human
nutrition (Djordjevic et al., 2019). Meanwhile, the FA
content of Saanen x Anglo-Nubian crossbreds took an
intermediate position and did not differ significantly from
pure breed goat milk.

Protein content (Table 2) in the goat milk ranged from
2.96+0.04 % to 3.51+0.09 %, which was consistent with
data of other authors’ (Lotri¢ et al., 2017; Clark and Mora
Garcia, 2017). A 10.25 % to 15.66 % higher (P<0.001)
protein content was found in the milk of Anglo-Nubian
goats compared to Saanen x Anglo-Nubian crossbred
and Saanen breed. This was in agreement with the
study of Clark and Sherbon (2000) who found that the
milk of the Nubian breed had the highest percentage
of total solids, fat, and protein among six goat breeds
(LaMancha, Saanen, Alpine, Oberhasli, Toggenburg)
and two crossbreed comhbinations (Nubian x Alpine and
Saanen x Alpine). Opposite results have been established
for Saanen goat milk, showing the significantly lowest
protein percentage compared with the rest of the goats,
which s in line with other studies (Vuli¢ et al., 2021; Curro
etal.,2019).Cak et al. (2021) have determined a significant
influence of crosshreeding on milk composition: protein,
lactose, and total solids percentages were higher
(3.59+0.02 vs. 3.48+0.02, 5.24+0.03 vs. 5.08+0.03, and
13.51+0.08 vs. 13.04+0.10, respectively) in pure Hair goat
milk than those of crossbred (Saanen x Hair goat) goats
within 5 months of the study.

In contrast to results of protein and fat, lactose
content (3.79+0.12 %) of Anglo-Nubian goat milk was
significantly lower than that of Saanen (4.24+0.03 %,
P<0.01) and crosshred (4.14+0.02 %, P<0.001) goat milk.
Shuvarikov et al. (2021) revealed that lactose percentage
did not differ in samples of Saanen and Nubian goat
milk. The average lactose content (4.06+0.06 %) in
Lithuanian goat milk was lower than that estimated
by Cak et al. (2021), Curro et al.’s (2019) and Gadir and
El-Zubeir’'s (2005). However, it was consistent with the
average lactose content of Saanen goats kept in Serbia
(Cobanovi¢ et al., 2019).

Table 2. The influence of crossbreeding on milk yield, composition and quality indicators

Breed Milk yield, kg/milking Fat, % Protein, % Lactose, % Urea, mg/dL | SCC, x10%cells/mL
Anglo-Nubian » 1.10£0.07+40< 5.010.12°%¢ | 35160097 | 3.7950,12°% ¢ | 41974236 | 5750041067
SoanenxAnglo- | 169:008™ | 398:0147 e | 315:006% | 4142002 | 4182:203 1494.00+293

uplan crossporee
Saanenc 13150055 | 3575008 | 2964004 | 4241003 | 3664+167 1424.00+206

*P<0.05; **P<0.01; **P<0.001
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The crossbreeding influence on milk urea was not
determined, since the average urea amount was
40.14+2.02 mg/dL for all goats. In this study, milk urea
value was lower than in the Saanen goat milk (46.27 mg/
dL) examined by Superchi et al. (2007), but higher than
the values obtained by analysing the Saanen goat milk
(29.94 mg/dL) in the study of Cobanovi¢ et al. (2019).

The SCC of goat milk is higher than that of cow milk,
but goats suffer from mastitis less often (Csanadi et
al,, 2015). According to Paape et al. (2001), the SCC in
goat milk can range from 270x10% to 2000x103 cells/
mL in the absence of mastitis. In 2008, an examination
of 110 goat flocks showed an average of 1344x10° cells/
mL in bulk milk (Vasiu et al., 2008). In this study, an
average SCC in Anglo-Nubian milk was 575x103 cells/
mL and significantly differed from Saanen x Anglo-Nubian
crossbred (P<0.01) and Saanen (P<0.001) milk, in which
the SCC value was around 3-fold higher and exceeded
the 1 million threshold (1494x10° cells/mL and 1424x103
cells/mL, respectively). The study of Csanadi et al. (2015)
has revealed an average of 906x10° cells/mL SCC in
Hungarian white goat milk, 604x10° cells/mL in Saanen
goat milk, and 793x10° cells/mL in crossbreed (Alpine x
Saanen) goat milk.

The LPL genotype influence on goat milk
yleld, composition and quality

The distribution of genotypes in the LPL gene was as
follows: the CC genotype was found in 26.00 % of goats,
the CG genotype was found in 23.00 %, and the highest
frequency was estimated for the GG genotype (51.00 %).

Analysis of the LPL gene (Table 4) showed that the
milk yield of goats with the CC genotype was on average
20.08 % higher (P<0.05, 1.61+0.13 kg/d) compared to
the CG and GG genotypes (1.21+0.09 kg/d and 1.34+0.04
kg/d, respectively). Crepaldi et al. (2013) have confirmed
the influence of genotype CC on milk yield. Alpine goats
with the CC genotype yielded 0.5 L more milk than goats
with the GG genotype (Crepaldi et al., 2013). A study
by Mathivathani et al. (2020) has shown a significant
(P<0.05) association of genotype CC, CT, and TT with
an average daily milk yield in Malabari and Attappady
Black goats.

Despite a high milk yield of goats with the CC
genotype, the milk of goats with the CC genotype
contained 8.04 % less fat, 5.73 % less protein, 16.26
% less milk urea, and 6.94 % more lactose than the
milk of goats with the GG genotype. These data agree
with those obtained in Svitakova et al.’s (2014) study,
where a significant effect of the LPL gene on fat and
protein percentage was found. Czech dairy goats with
the GG genotype produced milk with the highest fat
and protein content. Badaoui et al. (2007) did not
find any association between LPL single nucleotide
polymorphism C2094T and goat milk components.
However, LPL single nucleotide polymorphism G50C
affected milk fat (P<0.05): a difference of -0.55 kg of
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Table 3. The influence of crossbreeding on goat milk
fatty acid composition

Breed

Fatty acids, Saanen x
% Saanen® Anglo-Nubian | Anglo-Nubian®

crossbreed’
C40 1.22+0.13 1.35:0.19 1.4420.11
Cé:0 1.03+0.03 0.97+0.03 1.03+0.03
I SCFA 2.25+0.14 2.32+0.19 2.47+0.12
C8:0 1.87+0.06 1.80+0.06 1.85+0.07
C10:0 7.71+0.24 7.58+0.35 7.48+0.30
C11:.0 0.19+0.01 0.23+0.02 0.21+0.01
C12:0 3.72+0.15 3.78+0.26 3.52+0.16
C13:0 0.14+0.01" 0.20+0.03 ™ 0.17+0.02
C14:0 9.68+0.18 9.33+0.38 9.08+0.28
iC14:0 0.54+0.03 0.54+0.04 0.56+0.03
C14:1n7 0.19:+0.03 0.17+0.02 0.16+0.02
C15:0 0.91+0.05 0.99+0.04 0.88+0.03
iC15:0 0.09+0.01 0.07+0.02 0.09+0.02
aC15:0 0.25+0.02¢ 0.32+0.03" 0.32+0.02
I MCFA 25.29+0.59 25.02+0.98 24.3310.75
C16:0 28.01+0.447 27124056 |25.39+0.607>"
C16:1nSt 0.56+0.02 0.61+0.04 0.57+0.03
C16:1n9 0.84+0.02 0.89+0.03 0.89+0.03
C16:1n7 0.66+0.03 0.67+0.05 0.60+0.02
C17:0 0.82+0.04 0.85:+0.03 0.84+0.05
iC17:0 0.16+0.015" 0.09+0.02" 0.15+0.02
C17:1n9 0.40+0.03"® 0.31+0.02% 0.35+0.03
C18:0 10.42+0.30 10.43+0.73 10.92+0.34
C18:1n9t 1.61+0.09° 1.53+0.14° 1.97+0.167°
C18:1n9 23.1310.53 23.84+1.24 25.22+0.80"
C18:1n7 0.97+0.03 0.92+0.06 0.92+0.05
C18:2n6t 0.33+0.02¢ 0.30+0.03" | 0.42+0.02=""
C18:2nbe,t 0.20+0.01° 0.18+0.01° 0.24+0.02°2
C18:2n6t,c 0.20+0.01 0.17+0.02 0.21+0.01®
C18:2n6 2.08+0.04 2.28+0.16 2.28+0.12
C18:3n3 0.59+0.03 0.55+0.04 0.55+0.03
C20:0 0.26+0.02 0.27+0.02 0.307+0.025
C20:1n9 0.07+0.01"¢ 0.12+0.01"2 0.12+0.01™2
C20:4n6 0.15+0.01 0.17+0.01 0.17+0.01
C20:5n3 0.02+0.01 0.02+0.01 0.01+0.00
C21:0 0.56+0.03" 1.01£0.23™ 0.78+0.07
C22:0 0.10+£0.02 0.11+0.01 0.10+0.01
C22:4n6 0.04+0.01 n.d. n.d.
C22:5n3 0.14+0.01 0.15+0.01 0.15+0.01
I LCFA 72.33+0.64 72.61+0.86 73.170.79
I SFA 67.69+0.58" 67.05+1.27 | 65.14+1.09"
L UFA 32.19+0.55" 32.90+1.27 | 34.83+1.09%
¥ MUFA 28.43+0.56™ 29.06+1.24 | 30.79+0.96"
I PUFA 3.76+0.07 3.840.21 4.04+0.17

ab.c - values denoted in rows by different letters indicate statistically
significant differences; *P<0.05; **P<0.01; *** P<0.001; X SCFA - all
short-chain fatty acids; X MCFA - all medium-chain fatty acids;

X LCFA - all long-chain fatty acids; ¥ SFA - all saturated fatty acids;

X UFA - all unsaturated fatty acids; ¥ MUFA - all monounsaturated fatty
acids; > PUFA - all polyunsaturated fatty acids; n. d. — not detected.
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Table 4. The influence of the LPL genotype on goat milk yield, composition, and quality indicators

LPL genotype Mlur(n\i/:sil:é kg/ Fat, % Protein, % Lactose, % Urea, mg/dL SCC, x10°cells/mL
cce 1.61+0.13*= 3.77+0.12** 2.96+0.06* £4.32+0.05*** 33.36+2.56* 923.00+277
cGe 1.21+0.09* 3.82+0.18 3.16+0.06** £4.26+0.02***¢ 36.36+2.67 902.00+112**
GG© 1.34+0.04% £4.1040.10** 3.14+0.05* £4.02+0.05***2b 39.84+1.52* 1489.00+£195**°

*P<0.05; **P<0.01; ***P<0.001

Table 5. The influence of the LPL genotype on goat milk

fatty acid composition

Fatty acids, LPL genotype
% cce CG°® GG*

C4:0 1.21+0.23 1.01+0.15 0.88+0.07
C6:0 1.00+0.06 0.99+0.04 0.95+0.02
I SCFA 2.210.61 2.00+0.64 1.83+0.46
C8:0 2.00£0.22 1.89+0.07 1.84+0.04
c10:0 7.37+0.60 8.52+0.39 7.46+0.25
C11:0 0.14+0.04" 0.19+0.01 0.20+0.01°®
C12:.0 3.30£0.29® 441014727 3.48+0.15™
C13.0 0.15+0.05 0.18+0.02 0.13+£0.02
C14:0 8.32+0.08"" 10.69+0.20""¢ 8.98+0.26""
iC14:0 0.28+0.10":¢ 0.52+0.05" 0.49+0.03 "=
C14:1n7 0.15+0.05 0.20+0.03 0.16+0.02
C15.0 1.21£0.13"®:¢ 0.85+0.03"® 0.84+0.03"
iC15:.0 n. d. 0.11+0.01" 0.04+0.01"®
aC15:.0 0.24+0.07 0.27+0.01 0.27+0.02
IMCFA 23.15£3.10" | 27.82+2.95"% """ | 23.89+4.07""
C16:0 26.44+161 27.88+0.42 25.95+0.56
C16:1nSt 0.77+0.06™ " | 0.49+0.0272 0.59+0.0272"
C16:1n9 1.03+0.04™ | 0.79+£0.02""=¢ 0.97+0.02"
C16:1n7 0.70+0.08 0.61+0.04 0.63+0.02
C17.0 1.28+0.08™" 0.74+0.02"2¢ 1.13+0.03""
iC17:.0 0.04+0.02"® 0.15+0.04" " 0.09+0.01®
C17:1n9 0.66+0.09"°" | 0.32+0.02"¢ 0.50+0.03"""®
C18:0 11.08+0.02 10.25+0.55 10.82+0.41
C18:1n3t 1.98+0.28 1.83+0.18 1.79+0.12
C18:1n9 23.87+1.31 21.27£1.04™ 25.29+0.75™
C18:1n7 1.18+0.05™" 0.85+0.06"" 1.04+0.03"
C18:2n6t 0.32+0.09 0.42+0.05 0.38+0.03
C18:2n6c,t 0.19+0.05 0.22+0.02 0.25+0.02
C18:2n6t,c 0.26+0.08 0.20+0.01° 0.29+0.02"
C18:2n6 2.25+0.10 1.97+0.08 2.14+0.10
C18:3n3 0.92+0.08"™ 0.63+0.06" 0.79+0.04®
C20:0 0.14+0.04"" 0.29+0.02"" " 0.22+0.01®
C20:1n9 0.03+0.02 0.07+0.02 0.07+0.01
C20:4n6 0.10+0.02"¢ 0.14+0.01" 0.19+0.01"a "™
C20:5n3 0.04+0.02 0.05+0.02 0.07+0.01
C21.0 0.46+0.11 0.63+0.06 0.66+0.06
C22:.0 0.04+0.02 0.11+0.02 0.06+0.01
C22:4n6 n.d. 0.10+0.03 n.d.
(€22:5n3 0.10£0.03® " 0.17+0.017>¢ 0.22+£0.017"a"
C22:6n3 n.d. n.d. 0.01+0.00
ILCFA 73.87+2.65™ | 70.16+2.92"% "¢ | 74.16+4.08""
ISFA 64.40+3.79™ | 69.15£4.91°*"" | 64.00+5.02""
LUFA 34.55+3.23"® | 30.31+4.77'%""¢ | 35.39+4.97""
IMUFA 30.37+3.82 26.42+4.59" 31.05+4.96""
IPUFA 4.18+0.95 3.89+0.46" 4.34+0.63"

ab.c - yalues denoted in rows by different letters indicate
statistically significant differences; *P<0.05; **P<0.01; *** P<0.001;
2 SCFA - all short-chain fatty acids; X MCFA - all medium-chain

fatty acids; ¥ LCFA - all long-chain fatty acids; ¥ SFA - all saturated

fatty acids; X UFA - all unsaturated fatty acids; ¥ MUFA - all
monounsaturated fatty acids; > PUFA - all polyunsaturated fatty
acids; n. d. - not detected.
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fat/100 kg of milk was observed between the CG and GG
genotypes (Badaoui et al., 2007).

The study findings showed that the milk of the CG
genotype took an intermediate position between the CC
and GG genotypes according to a major milk composition.

The LPL genotype did not affect SCFA (Table 5) of goat
milk in this research. The SCFA and MCFA are de novo
synthesised in the goat mammary gland (Zhu et al., 2014),
while LCFA is derived from dietary lipids (Bionaz et al.,
2020). A study with a crucial de novo synthesis enzyme
fatty acid synthase (FASN) inhibition showed a reduction
only in MCFA synthesis in goat mammary gland epithelial
cells (Zhu et al., 2014). Maroteau et al. (2014) results have
shown that the highest heritability among 18 FA was
estimated for C6:0, C8:0, and C10:0 in Saanen and Alpine
goat milk. SCFA seem to be more resistant to genetic
factors and are more stable than MCFA and LCFA in milk
fat composition.

Despite significant differences in milk fat quantity, the
CC and GG genotype milk was similar (Table 4) for MCFA,
LCFA, SFA, UFA, MUFA, and PUFA percentage. Meanwhile,
the CG genotype milk had significantly more MCFA (14.13-
16.79 %) and SFA (6.87-7.45 %), and less UFA (12.27-
14.35 %), MUFA (13.01-14.91 %) and PUFA (6.94-10.37
%) than the CC and GG milk. In terms of the FA effect on
human health (Haug et al., 2007), the milk of the CC and
GG genotypes was more favourable due to lower SFA
and higher UFA content than CG milk. Sztankoova et al.
(2021) have found that sheep milk within LPL genotype
CTCTAT had a significantly higher percentage of fat and
a significantly lower amount of hypercholesterolemic FA
(C12:0, C14:0, and C16:0). The effect of the CC and GG
genotypes on hypercholesterolemic FA (except C16:0)
in this study was similar to that observed in sheep milk:
CC and GG milk had significantly less C12:0 and C14:0.
In addition, the quantity of LCFA, consisting mainly of
health-promoting UFA, was significantly higher than in the
milk within the CG genotype. This study showed that LPL
genotypes affected the FA profile of goat milk, but further
and more extensive research is needed.

Conclusions

The present study showed that crosshreeding and
the LPL genotype affected goat milk yield and milk
composition. The highest milk yield was found in Saanen
x Anglo-Nubian crossbred goats, which was significantly
higher compared with Anglo-Nubian and Saanen goats.
The highest fat and protein and the lowest lactose

January-March 2022/ Vol. 72/ No. 1
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percentages were estimated in Anglo-Nubian goat milk.
Although the highest milk yield was determined in the
LPL gene CC genotype of goats, this milk had the lowest
amount of fat, protein, and milk urea and the highest
amount of lactose. The study showed that breed and LPL
genotype affected goat milk yield and composition and
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appear to be the valuable biomarkers of the goat selection work.

process.

Utjecaj krizanja i LPL genotipa na prinos, sastav i kvalitetu kozjeg mlijeka
SaZetak

Cilj ovog istrazivanja bio je ispitati utjecaj krizanja koza i genotipa LPL na prinos, sastav i kvalitetu Kozjeg mlijeka.
IstraZivanje je provedeno u Litvi na stadu cistih sanskih, anglo-nubijskih i krizanaca sanskih i anglo-nubijskih koza (n=37).
KriZzanke sanske i anglo-nubijske koze te sanske koze imaju znacajno (P<0,05) vise (34,91 % i 16,03 %) prinose mlijeka
od anglo-nubijske pasmine koza. U usporedbi s kozama krizanih pasmina i sanskim kozama, najveci (P<0,05) udio masti i
proteina, Kao i najnizi (P<0,05) udio laktoze i broj somatskih stanica utvrdeni su za anglo-nubijsku pasminu koza. Najveci
prinos mlijeka (P<0,05) utvrden je u genotipu CC gena LPL (u prosjeku 20,08 % veci nego u genotipu CG i GG) koza.
Medutim, mlijeko genotipa CC okarakterizirano je i najnizim (P<0,05) udjelom masti, proteina i uree te najvecim udjelom
laktoze u usporedbi s mlijekom genotipa CG. IstraZivanje je pokazalo da pasmina i genotip LPL utjecu na prinos i sastav
kozjeg mlijeka te se ¢ine vrijednim biomarkerima u procesu odabira koza.

Kljucne rijeci: sastav kozjeg mlijeka; Krizanje; genotip LPL

References

1. Amills, M. (2014): The application of genomic technologies to investigate the
inheritance of economically important traits in goats. Advances in Biology, 2014,
€904281, 1-13.
https://doi.org/10.1155/2014/904281

2. Badaoui, B., Serradilla, J.M., Tomas, A, Urrutia, B., Ares, J.L., Carrizosa, J., Sanchez,
A., Jordana, J., Amills, M. (2007): Short communication: Identification of two
polymorphisms in the goat lipoprotein lipase gene and their association with milk
production traits. Journal of Dairy Science 90 (6), 3012-3017.
https://doi.org/10.3168/jds.2006-409

3. Bionaz, M., Vargas-Bello-Pérez, E., Busato, S. (2020): Advances in fatty acids nutrition
in dairy cows: from gut to cells and effects on performance. Journal of Animal Science
and Biotechnology 11, 110.
https://doi.org/10.1186/s40104-020-00512-

4. Brzakova, M., Rychtarova, J., Citek, J., Sztankdova, Z. (2021): A candidate gene
association study for economically important traits in Czech dairy goat breeds.
Animals (Basel) 11, 1796.
https://doi.org/10.3390/ani11061796

5. Cak, B, Yilmaz, 0., Ocak, E., Demirel, A. (2021): A Study on milk compositions of hair
goat and Saanen x hair goat crossbreed (f1) under semi-intensive conditions. Tarim
Bilimleri Dergisi 27, 83-87.
https://doi.org/10.15832/ankutbd.565708

6. Christopherson, S.W.,, Glass, R.L. (1969): Preparation of milk fat methyl esters by
alcoholysis in an essentially nonalcoholic solution. Journal of Dairy Science 52, 1289-
1290.
https://doi.org/10.3168/jds.S0022-0302(69)86739- 1

MLJEKARSTVO January-March 2022 / Vol. 72 / No. 1 39



L. Lauciené et al.: The influence of crosshreeding and LPL genotype on goat milk yield, composition and quality

40

MLJEKARSTVO

20.

21.

22.

Clark, S., Mora Garcia, M.B. (2017): A 100-Year Review: Advances in goat milk research.
Journal of Dairy Science 100 (12), 10026-10044.
https://doi.org/10.3168/jds.2017-13287

Clark, S., Sherbon, J.W. (2000): Alphas1-casein, milk composition and coagulation
properties of goat milk. Small Ruminant Research 38, 123-134.
https://doi.org/10.1016/S0921-4488(00)00154- 1

Crepaldi, P, Nicoloso, L., Coizet, B., Milanesi, E., Pagnacco, G., Fresi, P, Dimauro, C.,
Macciotta, N.PP. (2013): Associations of acetyl-coenzyme A carboxylase a, stearoyl-
coenzyme A desaturase, and lipoprotein lipase genes with dairy traits in Alpine goats.
Journal of Dairy Science 96 (3), 1856-1864.

https://doi.org/10.3168/jds.2012-5978

. Csanadi, J., Fenyvessy, J., Bohata, S. (2015): Somatic cell count of milk from different

goat breeds. Acta Universitatis Sapientiae, Alimentaria 8 (1), 45-54.
https://doi.org/10.1515/ausal-2015-0003

. Curro, S., De Marchi, M., Salvatore, C., Salzano, A., Palo, P, Manuelian, C., Neglia, G.

(2019): Differences in the detailed milk mineral composition of Italian local and saanen
goat breeds. Animals 9 (7), 412.
https://doi.org/10.3390/ani8070412

. Curro, S.L., Manuelian, C., De Marchi, M., Claps, S., Rufrano, D., Neglia, G. (2019):

Effects of breed and stage of lactation on milk fatty acid composition of Italian goat
breeds. Animals 9 (10), 764.
https://doi.org/10.3390/ani9 100764

. Djordjevic, J., Ledina, T, Baltic, M.Z., Trbovic, D., Babic, M., Bulajic, S. (2019): Fatty acid

profile of milk. IOP Conference Series: Earth and Environmental Science 333, 012057.
https://doi:10.1088/1755-1315/333/1/012057

Cobanovi¢, K., Krstovi¢, S., Strbac, L., Saran, M., Kasalica, A., Popovic, M. (2019):
Relationship between milk urea level and milk parameters in the saanen dairy goat.
Contemporary Agriculture 68 (3-4), 88-91.
https://doi.org/10.2478/contagri-2019-0014

. Gadir, ME., El-Zubeir, I. (2005): Production performance of crossbred (Saanen and

Nubian) goats in the second kidding under Sudan conditions. Pakistan Journal of
Biological Sciences 8 (5), 734-739.
https://doi.org/10.3923/pjbs.2005.734.739

. Goetsch, AL., Zeng, S.S., Gipson, T.A. (2011): Factors affecting goat milk production

and quality. Small Ruminant Research, Special Issue: Products from Small Ruminants
101, 55-63.
https://doi.org/10.1016/j.smallrumres.2011.09.025

. Hadi-Tavatori, M., Rashidi, A., Jahani-Azizabadi, H., Razmkabir, M. (2020): Evaluation of

milk characteristics of Gazvini goats and their F1 and F2 crosses with Saanen. Iranian
Society of Animal Science 8, 69-78.

Haug, A., Hastmark, AT., Harstad, OM. (2007): Bovine milk in human nutrition - a
review. Lipids in Health and Disease 6, 25.

https://doi.org/10.1186/1476-511X-6-25

. Kompan, D., Komprej, A. (2012): The effect of fatty acids in goat milk on health. Milk

Production - An Up-to-Date Overview of Animal Nutrition, Management and Health.
https://doi.org/10.5772/50769

Kume, K., Papa, L., Hajno, L. (2012): Effects on milk production in F1 crossbred of
Alpine goat breed (3) and Albanian goat breed (Q). ltalian Journal of Animal Science
11(3), e47.

https://doi.org/10.4081/ijas.2012.e47

Law of the Republic of Lithuania on Animal Welfare and Protection No XI-2271, 2012.
[WWW Document]. Official Gazette ‘Valstybés Zinios'.
https://e-seimas.Irs.lt/portal/legalAct/It/TAD/TAIS.434660.

Lopez, A., Vasconi, M., Moretti, VM., Bellagamba, F. (2019): Fatty acid profile in goat
milk from high- and low-input conventional and organic systems. Animals 9 (7), 452.
https://doi.org/10.3390/aniS070452

January-March 2022/ Vol. 72/ No. 1



Mljekarstvo 72 (1) 33-42 (2022)

MLJEKARSTVO

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Maroteau, C., Palhiére, |., Larroque, H., Clément, V., Ferrand, M., Tosser-Klopp, G.,
Rupp, R. (2014): Genetic parameter estimation for major milk fatty acids in Alpine and
Saanen primiparous goats. Journal of Dairy Science 97 (5), 3142-3155.
https://doi.org/10.3168/jds.2013-7328

Martin, P, Palhiére, |., Maroteau, C., Bardou, P, Canale-Tabet, K., Sarry, J., Woloszyn,
F., Bertrand-Michel, J., Racke, |., Besir, H., Rupp, R., Tosser-Klopp, G. (2017): A genome
scan for milk production traits in dairy goats reveals two new mutations in Dgat 1
reducing milk fat content. Scientific Reports 7, 1872.
https://doi.org/10.1038/s41598-017-02052-0

Mathivathani, K., Radhika, G., Aravindakshan, TV. (2020): Identification of SNP in
lipoprotein lipase gene and its validation and association with milk production in
goats. International Journal of Current Microbiology and Applied Sciences 9 (8), 550-
556.

https://doi.org/10.20546/ijcmas.2020.908.062

Momani, MS., Sanogo, S., Coulibaly, D., Al-Olofi, S., Alkhewani, T. (2012): Growth
performance and milk yield in Sahelian x Anglo-Nubian goats following crossbreeding
in the semi-arid zone of Mali. Agricultura Tropica et Subtropica 45 (3), 117-125.
https://doi.org/10.2478/v10295-012-0020-9

Paape, M.J., Poutrel, B., Contreras, A., Marco, J.C., Capuco, A.V. (2001): Milk somatic
cells and lactation in small ruminants. Journal of Dairy Science 84, 237-244.
https://doi.org/10.3168/jds.S0022-0302(01)70223-8

Requirements of keeping, maintenance, and use for animals used for scientific and
educational purposes, No XI-2271, [WWW Document]. Official Gazette ‘Valstybes
Zinios'.

https://e-seimas.lrs.lt/portal/legalAct/lt/TAD/TAIS.437081?jfwid=qg8i88mcv0

Ripoll, G., Alcalde, M.J., Arglello, A., Cérdoba, M.G., Panea, B. (2020): Effect of rearing
system on the straight and branched fatty acids of goat milk and meat of suckling
kids. Foods 9 (4), 471.

https://doi.org/10.3390/foods9040471

Rojo-Rubio, R., Kholif, A.E., Salem, A.ZM., Mendoza, G.D., Elghandour, MMM.Y,,
Vazquez-Armijo, J.F, Lee-Rangel, H. (2016): Lactation curves and body weight
changes of Alpine, Saanen and Anglo-Nubian goats as well as pre-weaning growth of
their kids. Journal of Applied Animal Research 44, 331-337.
https://doi.org/10.1080/09712119.2015.1031790

Serradilla, J. (2001): Use of high yielding goat breeds for milk production. Livestock
Production Science 71, 59-73.

https://doi.org/10.1016/S0301-6226(01)00241-X

Shuvarikov, A.S., Pastukh, O.N., Zhukova, E.V., Zheltova, 0.A. (2021): The quality of
milk of goats of Saanen, Alpine and Nubian breeds. IOP Conference Series: Earth and
Environmental Science 640, 032031.
https://doi.org/10.1088/1755-1315/640/3/032031

Superchi, P, Summer, A., Sabbioni, A., Malacarne, M., Franceschi, P,, Mariani, P. (2007):
Feeding management and production factors affecting goat milk composition and
quality. I. Titratable acidity and rennet- coagulation. Options Méditerranéennes, Series
A (74), 219-225.

Svitakova, A., Rychtarova, J., Sztankoova, Z., Schmidova, J., Vostry, L. (2014):
Polymorphism of LPL gene and its effect on milk production traits in Czech dairy
goat, in: Conference. Presented at the 34th International Society for Animal Genetics
Conference, Xi"an China.

Sztankoova, Z., Borkova, M., Rychtarova, J., Smolova, J., Elich, O., Svejcarova, M.,
Brzakova, M. (2021): The influence of lipoprotein lipase gene polymorphism in Czech
East Friesian sheep on the fatty acid profile in milk and yoghurt drinks - a preliminary
study. Journal of Animal and Feed Sciences 30 (1), 52-57.
https://doi.org/10.22358/jafs/133804/2021

January-March 2022 / Vol. 72 / No. 1 41



L. Lauciené et al.: The influence of crosshreeding and LPL genotype on goat milk yield, composition and quality

36. Taiwo Idowuy, S., Olufunke Adewumi, O. (2017): Genetic and non-genetic factors
affecting yield and milk composition in goats. Advances in Dairy Research 5 (2), 175.
https://doi.org/10.4172/2329-888X.1000175

37. Tatar, AM., Tuncer, S.S,, Sireli, H.D., Tatar, AM,, Tuncer, S.S., Sireli, H.D. (2019):
Comparison of yield characteristics of Damascus and Kilis goats in dry climatic
conditions. Austral Journal of Veterinary Sciences 51 (2), 61-66.
https://doi.org/10.4067/S0719-8132201900020006 1

38. Turkmen, N. (2017): The Nutritional value and health benefits of goat milk
components, in: Nutrients in dairy and their implications on health and disease.
Academic Press, pp. 441-449. Watson, R.R., Collier, R.J., Preedy, V.R. (Eds.),
https://doi.org/10.1016/B978-0-12-809762-5.00035-8

39. Vasiu, C., Bogolin, I., Bolfa, P. (2008): Relation between the geometrical mean of
somatic cells from bulk milk and the prevalence of subclinical intramammary
infections in sheep and goats. Bulletin of University of Agricultural Sciences and
Veterinary Medicine Cluj-Napoca. Veterinary Medicine 65 (2), 339-344

40. Vuli¢, A., Kudumija, N., LeSi¢, T., Tankovi¢, S., Jelusic, V., Ferizbegovi¢, J., Bilandzi¢, N.,
Pleadin, J. (2021): Chemical composition and fatty acid profile of Alpine and Saanen
goat milk from Bosnia and Herzegovina. Veterinarska stanica 52 (1), 13-21.
https://doi.org/10.46419/vs.52.1.12

41. Yilmaz-Ersan, L. (2013): Fatty acid composition of cream fermented by probiotic
bacteria. Mljekarstvo 63 (3), 132-139.

42. Zhu, J.J., Luo, J., Wang, W, Yu, K., Wang, H.B., Shi, H., Sun, Y.T., Lin, X.Z,, Li, J.,
2014. Inhibition of FASN reduces the synthesis of medium-chain fatty acids in goat
mammary gland. Animal 8 (9), 1469-1478.
https://doi.org/10.1017/S1751731114001323

43. Zan Lotri¢, M., Zajc, P, Sim¢i¢, M., Mulc, D., Bara¢, Z., Spehar, M. (2017): Analysis of
milk production traits of Alpine and Saanen goat populations in Croatia and Slovenia.
Agriculturae Conspectus Scientificus 82 (3), 307-310.

42 MLJEKARSTVO January-March 2022 / Vol. 72 / No. 1



