www.nature.com/scientificreports

scientific reports

W) Check for updates

Expression patterns of major
genes in fatty acid synthesis,
inflammation, oxidative stress
pathways from colostrum to milk
in Damascus goats

Akin Yakan®***, Hiseyin Ozkan'"?, Baran Camdeviren?, Ufuk Kaya?, irem Karaaslan* &
Sevda Dalkiran?

The molecular regulation of milk secretion and quality in the transition period from colostrum to milk
in goats is largely unknown. In the present study, mammary gland secretion of goats was collected in
Oth, 4th, 7th, 14th and 28th days after parturition. In addition to composition and fatty acid profile
of colostrum or milk, FASN, SCD, ACACA, COX-2, NRF2, TLR2, NF-kB, LTF and PTX3 genes expression
patterns were determined from milk somatic cells. While somatic cell count (SCC), malondialdehyde
(MDA), fat, fat-free dry matter, protein and lactose were highest as expression levels of the oxidative
and inflammatory genes, freezing point and electrical conductivity were lowest in colostrum. With
the continuation of lactation, most of the fatty acids, n3 ratio, and odour index increased but

C14:0 and C16:0 decreased. While FASN was upregulated almost threefolds in 14th day, ACACA

was upregulated more than fivefolds in 7th and 14th days. Separately, the major genes in fatty acid
synthesis, inflammation and oxidative stress were significantly associated with each other due to
being positively correlated. MDA was positively correlated with SCC and some of the genes related
inflammation and oxidative stress. Furthermore, significant negative correlations were determined
between SCC and fatty acid synthesis related genes. With this study, transition period of mammary
secretion was particularly clarified at the molecular levels in Damascus goats.

The world human population is expected to be around 10 billion by 2050'. Animal production targets are rising
in response to the increasing world population®. Goat is an important farm animal for the production of dairy
products, as well as for the supply of healthy, high-quality and valuable food, especially for the nutrition of chil-
dren, the elderly and those with food allergies>*. With the increasing demand for goat milk in recent years, goat
breeding has gained importance and the amount of milk production has increased with the number of goats>®.

Milk, an important animal product, is a vital biological secretion that begins with the birth. Colostrum which
is the first secretion of mammary tissue has quietly different from mature milk’. Besides its immunological func-
tion, colostrum is pivotal for the initial intake of nutrients in terms of the survival and sustainable health of the
newborn®. Regulation of mammary secretion is controlled by local and systemic factors. Therefore, colostrum
and milk components are regulated by different mechanisms®.

Goat colostrum is richer in somatic cells, fat, protein, fat-free dry matter (FFDM), lactose and
immunoglobulins®®. The considered changes occur in composition and properties during the transition from
colostrum to mature milk. It has been reported that goat colostrum turns into milk in 4-5 days after birth
goats”!%. On the other hand, transition to mature milk secretion is a process rather than straight conversion.

As a well-known fact, milk traits are affected by genetic and environmental factors such as breed type, age,
and parity. In addition, unlike other farm animals, the milk secretion type of goats is apocrine®. Due to the type
of secretion, somatic cell count may be high in goat milk'!. Colostrum also contains quite high SCC compared
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Figure 1. Somatic cell count, pH and compositional parameters on sampled days (Mean + SEM); (a—c)
Means followed by different letters differ significantly; SCC: Somatic cell count; FFDM: Fat-free dry matter; E.
Conductivity: Electrical conductivity; MDA: Malondialdehyde.

to mature milk as well as its difference in composition®!%. On the other hand, molecular activity in milk somatic

cells may reflect mammary physiology'**. In this way; it is possible to determine molecular activity of mammary
gland without the need for invasive methods such as biopsy. It is known that invasive methods have possibility of
mammary fistula and mastitis'"!*. Several studies have deepened to improve the molecular basis of milk secre-
tion in cattle, however, what is known about the molecular basis in the regulation of milk secretion and quality
particularly in the transition period from colostrum to milk in goats is limited!>*®.

In order to assess physiological changes in transition milk of goats, changes in macromolecules (fat, protein,
lactose etc.), some milk parameters (pH, electrical conductivity, freezing point, FFDM etc.) and fatty acid profiles
of mammary secretion from parturition to 28th day in Damascus goats were determined in the present study.
Furthermore, expression analysis of the genes on fatty acid profile, inflammation and oxidative stress related
pathways in milk somatic cells during transition to milk were conducted. In addition, the correlations were
revealed between genes in the mentioned pathways, MDA and SCC.

Results
The properties of colostrum or milk obtained have been presented in Fig. 1. The SCC was around 5 million on
the Oth day, then it decreased dramatically on the 4th day and was around 1 million by the 7th day. Following
the lactation, the SCC was around 400 x 10*/mL in milk (P<0.01). While pH value was increased day by day, the
levels of fat (%), FFDM (%), protein (%), and lactose (%) were decreased with the varying levels of significance
(P<0.001). On the other hand, the freezing point and electrical conductivity of the samples increased on the
4th day and remained at similar levels on the following days (P <0.001). The level of MDA was highest with the
34.41+2.43 nmol/mL values in the Oth day (P<0.001). However, it was 3 times lower on the following days and
there were no significant differences between these days.

The proportions of short and medium-chain fatty acids significantly changed with the continuation of lacta-
tion. While C4:0, C6:0, C8:0, C10:0, C15:1 fatty acids were at lowest level, they had gradually increased (P <0.001).
Moreover, a fluctuating change was observed in C12:0, C16:1, C17:0, C17:1, C18:2 trans, C18:2 cis fatty acid
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Parameters | Oth day 4th day 7th day 14th day 28th day P

C4:0 0.25£0.03¢ | 0.74£0.07¢ | 1.14£0.09® | 0.92+0.13% | 1.50+0.11* |***
C6:0 0.59+0.09° | 1.38+0.10° | 1.90+0.11° 1.7340.16% | 1.92+0.14% | ***
C8:0 0.83+0.14" | 1.78+0.14° | 2.12+0.17° | 221£0.19° | 2.08+0.21% |***
C10:0 2.95+0.43% | 547+0.4° 6.16+£0.41° | 6.42+0.52° | 5.87+0.64% |***
C12:0 1.7940.16° | 2.47+0.18® | 2.60+0.18* 2.50+0.18® | 2.19+0.20® | *

Cl14:0 8.70£0.54* | 7.58+0.40% | 7.34+0.38% | 7.13+£0.46" | 6.42+0.41° |*

Cl4:1 0.08+0.01 0.08+0.01 0.07 +£0.01 0.06+0.01 0.06+0.01 | NS
C15:0 0.49+0.02 | 0.49+0.02 | 0.47+0.03 0.46+0.02 0.46+0.02 | NS
Cl15:1 0.20£0.01° | 0.18+0.0° 0.20+0.01° 0.22+0.02° 0.28+0.01% | ***
C16:0 29.14+0.97* | 26.01+0.59° | 24.56+0.56" |24.41+0.63> | 22.89+0.70° | ***
Cl16:1 1.17+£0.03* | 0.98+0.04> | 0.79+0.07¢ 0.83+£0.05% | 1.00+0.02% | ***
C17:0 1.124£0.05® | 0.97+0.05* | 0.98+0.04° 0.99+0.06® | 1.31£0.17* |*

C17:1 0.55+0.04® | 0.52£0.05* | 0.63+0.06® | 0.58+0.05® | 0.78+0.09* |*

C18:0 19.29£0.94 |19.38+1.18 [20.08+141 |21.41+1.52 |[18.61+£0.89 |NS
C18:1 23.08+0.76 |22.83+0.94 |[21.41£0.92 |20.41+1.00 |[20.43+0.85 |NS
C18:2 trans 0.88+0.12% | 0.66+0.08" | 0.57+0.06" 0.69+0.08° | 1.08+0.19* |*

C18:2 cis 4214£0.22%® | 3.85+0.27° | 4.69+0.17° | 4.46+0.26" | 530+0.48 |*

C20:0 0.38+0.04° | 0.32+0.03" | 0.41+0.04" 0.40+0.04° 0.62+0.070 | ***
C18:3 n6 0.52+0.05 | 0.52+0.06 | 0.50+0.04 0.47+0.05 0.57+0.06 | NS
C18:3n3 0.95+0.18" | 1.13£0.19* | 1.21£0.12° 0.97£0.09° 2.61+£0.48 | ***
C20:1 0.65+0.09° | 0.49+0.06* | 0.56+0.07° 0.61+0.06" 1.12+£0.20° | ***
C20:2 n6 0.33+£0.06° | 0.27+£0.03> | 0.28+0.03° 0.43+0.06° 0.76+0.13% | ***
C22:0 0.11+£0.02 | 0.12+0.02 | 0.10+0.01 0.12+0.02 0.16+0.03 | NS
C20:3 n3 0.13+£0.02 | 0.11%0.03 0.07+£0.01 0.09+0.01 0.12+0.02 | NS
C20:4 n6 0.51£0.04* | 0.32+0.02° | 026+0.02° | 022+0.02° | 027+0.04> |***
C22:2 n6 0.09+0.01 | 0.10£0.01 0.07+0.01 0.09+0.01 0.08+0.01 | NS
C20:5 n3 0.10+£0.01 | 0.09%0.01 0.07+0.01 0.08+0.01 0.08+0.01 | NS
C24:1 0.88+0.13 1124032 | 0.7240.11 1.05+0.20 1.40+0.29 | NS
C22:6 n3 0.03+0.005 | 0.04+0.003 | 0.03+0.002 | 0.03+0.003 | 0.04+0.004 | NS
SFA 65.64+1.25 |66.72+1.30 |67.87+1.20 [68.71+1.24 |64.00+1.51 |NS
MUFA 26.60+0.85 |26.19+1.06 |24.38+1.01 |[23.76+1.11 |25.08+0.95 |NS
PUFA 7.76+0.53° | 7.09+0.35° | 7.75+0.34° 7.53+£0.39" | 10.92+1.20° | ***
UFA 3436+1.25 |33.28+1.30 |32.13+1.20 |[31.29+124 |36.00+1.51 |NS
né 6.68+0.40° | 5.84+0.32" | 6.44+0.24® | 6.44+035° | 8.19+0.79* | ***
n3 1.2140.20° | 1.36+0.20* | 1.37+0.13° 1.17+0.09° 2.86+0.50° | ***
né/n3 7.46+0.8 6.01+0.68" | 551+0.52® | 623+0.66° | 3.61+0.38> |***
(o)t 4.63+0.67° | 9.38+0.69" |11.33+0.68* |11.28+0.92° | 11.32+£1.00° | ***
NV 1.49+0.06 1.65+0.07 1.71+0.07 1.74+0.08 1.73+0.08 | NS
AL 1.71+0.13 1.66+0.11 1.70+0.12 1.75+0.12 1.35£0.09 |NS
TI 1.50+0.09 1.45+0.08 1.50+0.09 1.55+0.09 1.27+0.07 |NS

Table 1. Fatty acids profile of milk samples in different stages of lactation; *: P<0.05; **: P<0.01; ***:
P<0.001; NS: Not significant; a, b, ¢, d: Means with different letters in rows differ significantly; OI (Odour
index); NV (Nutritional value); AI (Atherogenic index); TI (Thrombogenic index) were calculated as follow:
OI=(C4:0+C6:0 +C8:0+C10:0)7"1% NV = (C18:0 + C18:1)/C16:0; Al = (C12:0 + (4*C14:0) + C18:0)/SUFA;
TI=(C14:0+ C16:0+ C18:0)/((0.5*C18:1) + (0.5*XMUFA) + (0.5*Zn6) + (3*Zn3) + (£n3/Zn6))*.

levels. On the other hand, C14:0 and C16:0 fatty acids decreased towards to 28th day. Moreover, C18:3 n3, C20:1,
C20:2 n6, and C20:0 increased in 28th day, and C20:4 n6 was higher in Oth day than the other days (P<0.001).
Saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) and unsaturated fatty acids (UFA) were similar
in all sampled days. Furthermore, significant changes were determined in terms of polyunsaturated fatty acids
(PUFA) of mammary secretion (P<0.001). The n6 and n3 fatty acid levels of samples were highest on 28th day
(P<0.01; P<0.001, respectively). However, on 28th day, n6/n3 ratio was significantly lower than those of other
days (P<0.01). Except for Oth day, odour index was similar on all days. The lowest odour index was found on
0Oth day (P<0.001). In addition to nutritional value, atherogenic and thrombogenic indexes values were similar
(Table 1).

Expression patterns of the genes associated with fatty acid synthesis and secretion showed variable regula-
tion. Compared to Oth day, FASN (Fatty Acid Synthase) was upregulated almost threefolds in 14th day (P<0.05).
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Figure 2. Expression levels of FASN (Fatty Acid Synthase), SCD (Stearoyl-CoA Desaturase), and ACACA
(Acetyl-CoA Carboxylase Alpha) genes in milk somatic cells (Mean + SEM); *: P<0.05, Fold change differences
in 4th, 7th, 14th and 28th days were compared to Oth day.
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Figure 3. Expression levels of COX-2 (Cyclooxygenase-2), NRF2 (Nuclear Factor Erythroid 2-related Factor 2),
TLR2 (Toll-like Receptor 2), NF-kB (Nuclear Factor Kappa B), LTF (Lactoferrin), and PTX3 (Pentraxin 3) genes
in milk somatic cells (Mean + SEM); *: P<0.05; **: P<0.01, Fold change differences in 4th, 7th, 14th and 28th
days were compared to Oth day.

While SCD (Stearoyl-CoA Desaturase) was similar, ACACA (Acetyl-CoA Carboxylase Alpha) was upregulated
more than fivefolds in 7th and 14th days (P <0.05) (Fig. 2).

The marked downregulation was determined at oxidative stress and inflammation related genes. COX-2
(Cyclooxygenase-2) was downregulated more than twofolds in 4th and 7th days (P <0.05). On the other hand,
NRF2 (Nuclear Factor Erythroid 2-Related Factor 2) and TLR2 (Toll-like Receptor 2) were approximately
threefolds downregulated in all days with the different significances (P<0.05 and P<0.01). Therewithal, NF-kB
(Nuclear Factor Kappa B) was downregulated on all days, while PTX3 (Pentraxin 3) was downregulated close to
fourfolds in 14th and 28th days (P <0.05) (Fig. 3).

Positive and negative correlations with varying significance were detected between expression levels of related
genes, SCC, and MDA (Table 2).

Discussion
Similar to the study conducted in goats by Moreno-Indias et al.®, SCC, which was initially about 5000 x 10°/
mL in colostrum, tended to gradually decrease during the transition to milk in this study. Sanches-Macias
et al.? reported that from the Oth day to the 4th day, SCC had decreased from approximately 9000 x 10°/mL to
3000 x 10°/mL levels, and after the 15th day it had remained below 1000 x 10>/mL as this studies results. High
SCC in colostrum was thought to be physiological and the possible cause, as reported in other studies, might be
due to the leaky tight junctions between mammary epithelial cells**!. In addition, breed type of goat was thought
to be an important factor for differences in terms of SCC during transition colostrum to mature milk**-2%, While
pH was lower on 0th day;, it gradually increased during transition similar to other studies”***. It was reported
that lower pH might be related to mastitis and bacterial contamination in milk®, however, the colostrum and
transition milk have also physiologically lower pH values than milk according to our findings. It was possible
to evaluate this situation as one of the physiological self-protection mechanisms of the mammary gland during
the transition period.

The possible reason of higher lactose content in the initial samples is that the lactose is a source of energy
that may be digested faster than fat and required for newborn®. While most of the milk quality parameter has
dramatically decreased during transition, freezing point and electrical conductivity has increased since 4th day
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Parameters | FASN SCD ACACA | COX-2 TLR2 LTF PTX3 NF-kB NRF2 SCC
SCD 0.589***

ACACA 0.365** 0.249*

COX-2 - - -

TLR2 -0.221* - - 0.359**

LTF 0.393*** 0.485*** | 0.280* - -

PTX3 -0.275* - - - 0.405°** | -

NF-kB - - - 0.517%%* | 0.713%* | - 0.372**

NRF2 - - - 0.4797 | 0.5847* | - - 0.611%**

SCC —0.407** | —0.244* - - 0.400%* | —0.318** | 0.475°* | 0.412%** | 0.237*

MDA - - - 0.273* 0.453*** | - 0.412%** | 0.349** 0.580*** | 0.438***

Table 2. Correlations between FASN (Fatty Acid Synthase), SCD (Stearoyl-CoA Desaturase; ACACA (Acetyl-
CoA Carboxylase Alpha), COX-2 (Cyclooxygenase-2), TLR2 (Toll-like Receptor 2), LTF (Lactoferrin), PTX3
(Pentraxin 3), NF-kB (Nuclear Factor Kappa B), NRF2 (Nuclear Factor Erythroid 2-related Factor 2), SCC
(Somatic Cell Count) and MDA (Malondialdehyde); *: P<0.05; **: P<0.01; ***: P<0.001; -: Not significant.

of lactation. Expectative reason of increases on these parameters are decreased percentages of parameters such
as fat, protein, FFDM of secretion in addition to other compounds as minerals. Also, it has been reported that
genetic background of breeds affected the composition of colostrum and milk in goats'’.

MDA is a primary biomarker for determination the lipid peroxidation and oxidative stress in tissues. Moreo-
ver, it has been reported that lactation period strongly related with milk MDA levels and it has higher values
in early lactation stage*”. While significantly higher values have been found in colostrum, MDA has dramati-
cally decreased with the continuation of lactation. In a study, it has been reported that composition and yield
of milk is significantly correlated with MDA levels in cow milk?”. According to correlation results in our study,
high SCC is also associated with increased MDA levels in mammary secretion. Although milk MDA levels are
understandably dependent on milk composition, more exploration at the molecular levels is needed to elucidate
the mechanism of MDA in colostrum and milk.

It is essential to explore the milk fatty acid profile at different lactation stages to achieve the optimal benefits
from milk*®?. It has been determined that short-chain fatty acids responsible for the odour index in milk has
tended to increase during the transition to mature milk. Beside short-chain fatty acids, medium-chain fatty acids
have also increased during transition. It has reported that medium-chain fatty acids (C8:0, C10:0 and C12:0)
in milk have antimicrobial effects®. Goat kids are susceptible to infections and therefore medium-chain fatty
acids in secretion may have increased for the protective effects on young goats®®. While short and medium-chain
fatty acids and some of the long-chain fatty acids have gradually increased in the transition from colostrum to
milk, some of the long-chain fatty acids have stayed stable from 0 to 28th day. It has been thought that the likely
cause of these results is unchanged ration ingredients of animals. This is because of the fact that it is known that
composition of ration has major effect on the fatty acid profile of goat milk®".

PUFA, odour index, n6, and n3 have increased with the continuation of lactation, while n6/n3 ratio has
decreased. Hence, milk has become better quality with the transition period*’. PUFA has been reported to
decrease towards the end of the lactation in different goat breeds®. However, it has increased in the transition
processes from colostrum to mature milk in this study. Although it has known that nutrition has important effects
on milk fatty acid profile, studies show that the lactation period is another major point on this parameter**.
While there have been controversial reports about fatty acid profile of milk in different lactation stages®*?¢, it
has been showed up fatty acid profile of goat milk is one of the most variable components among the lactation
period, together with milk yield and composition®.

The molecular regulation of lipid metabolism remains largely unknown in ruminants. Fatty acid biosynthesis
is an intriguingly complex biological process and FASN, SCD, and ACACA are largely effective genes in lipid
biosynthesis. FASN, one of the highly expressed gene in goat colostrum, has been reported required for the main-
tenance of lactation®**”. Therewithal, FASN is mostly responsible to synthesis of short and medium-chain fatty
acids together with ACACA®*. It has been reported that inhibition of FASN led to reduce of medium-chain fatty
acids and downregulation of ACACA in mammary gland of goat®®. In addition, FASN in goat mammary gland
might synthesize all three fatty acid forms (short, medium and long-chain fatty acids)®. It has been reported
that FASN, ACACA, and SCD regulated together from pregnancy to end of the lactation in bovine mammary
gland®. In recent studies, FASN, SCD and ACACA genes have been mentioned that they might be candidate
genes for qualified animal product from the point of fatty acid profile*~*’. While some researches have studied on
expression patterns of FASN, SCD and ACACA genes in goats*”***, to our knowledge there is no report about the
activities of these genes in colostrum and transitional milk somatic cells of goats. It has been clearly understood
that despite the differences in upregulation levels, regulation of fatty acid synthesis in goat colostrum and early
milk requires coordinately expression of mentioned genes.

Antioxidant status of colostrum is important for maternal physiology and offspring health**. COX-2 and
NRF2 are the most related genes with the oxidative status of tissues and biological liquids and have tended to be
upregulation in response to immunological activity*>#. It has been reported that NRF2 increases by triggering
TLR2 in leukocytes and oxidative stress may decrease by overexpressing TLR2 in goats®. In inflammation status,
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oxidative stress initiates the inflammatory response by activating NF-kB and increases the expression levels of
target genes such as COX-2. It has been reported that response to oxidative stress is formed by cross-interaction
between NRF2 and NF-kB*,

PTX3, which expression level has decreased with the transition from colostrum to mature milk, is thought to
be regulated for both kid and maternal health. PTX3 has known to be a gene regulated by the molecular mecha-
nisms of innate resistance to respond to infectious agents'>*. There has been limited knowledge about the activity
and expression patterns of PTX3 in healthy goats, while one of the most expression of PTX3 has been reported
is mammary gland®. It has been stated that PTX3 gene might be upregulated by inflammation in mammary
tissue and its activity might be used an early marker of mastitis®®*'. It has been advocated that whether there is
a correlation between PTX3 and SCC should be investigated in goat milk®. The results obtained from our study
show that in addition to relations with the oxidative and inflammatory genes such as TLR2 and NF-kB, there is
crucial correlation between PTX3 and SCC in early lactation of goats.

In addition to the antimicrobial activities of medium-length fatty acids synthesized by the activities of FASN,
SCD and ACACA, LTF has also antimicrobial activity in mammary gland®. In fact, in recent studies, researchers
have mentioned that the combination effects of LTF and fatty acids regulated from these genes activities are more
effective against to microbial agents®>**. However, what is known about the relation between fatty acid synthesis
and LTF activity is quiet limited. Therefore, more research is needed on direct and indirect relations between
LTF and fatty acid biosynthesis in mammary gland.

Indicator of oxidative stress and cytokines have known transferred from mother with colostrum and milk,
may affecting the health of offspring™. On a study it has reported that it is appropriate to weaning of lambs at 28
days™®. In addition to health of kids and goats, transition and mature milk should be investigated at the molecular
levels for milk quality parameters.

To our knowledge, this is the first study to deeply explore the changes at the molecular levels (nNRNA expres-
sions in inflammation, oxidative stress and fatty acid synthesis related pathways) of mammary secretion of goats
from birth to 28th day of lactation. In transition process from colostrum to mature milk, fatty acid biosynthesis
is substantially regulated by the activities of FASN, SCD and ACACA in somatic cells. In addition, mammary
physiology of goats strongly related with co-regulation of COX-2, NRF2, TLR2, NF-kB, and PTX3 genes in first
28 days of lactation. It is possible to deduce that indirect interactions of LTF and fatty acid synthesis related
genes (FASN, SCD, and ACACA) are involved in the regulation of antimicrobial activity of mammary gland. In
conclusion, variable interactions between genes have showed that the regulation of goat milk are intriguingly
reorganized in transition process. The additive effects of studied genes have significant roles on properties of
colostrum, transition and mature milk in goats. To elucidate the underlying molecular mechanism of the goat
mammary secretion, more comprehensive study is needed in this field.

Methods

Materials, design of the study, samples collection and measuring parameters. This research
was conducted with Damascus goats aged 3—4 years (40.54 £ 0.71 months old) in a private goat enterprise located
at 36° 21’ 52.6" N and 36° 15’ 14.6" E at an altitude of 82 m above sea level in the Eastern Mediterranean region
of Turkey (Hatay Province). Healthy 24 multiparous goats were randomly selected from 200 goats flock. All
parturitions were completed in the first week of February in 2020 (each goat gave singleton birth). The goats
were in their 2nd-3rd lactation period (2.58+0.10). Goats consumed 1.2 kg/goat concentrated feed and 1.0 kg/
goat wheat straw on a daily basis (Table 3). Animals were fed twice daily (07:00 and 16:00 h) and housed in a pen
(2 m? of floor space per animal). Following parturitions, goats were hand-milked twice daily and approximately
150 mL colostrum or morning milk samples were collected to nuclease free falcon tubes on the Oth, 4th, 7th,
14th, and 28th days. Prior to sampling, udders and teats of goats were cleaned with sterile cotton gauzes. Lacta-
tion period was continued approximately 210-220 days.

Samples were transported to the laboratory at 4 °C in 30 min. Approximately quarter of each sample was used
for determination of SCC (Lactoscan SCC 6010, BULGARIA) and pH (Hanna pH meter, HI83141, USA) values.
Fat, FFDM, protein, lactose, freezing point, and electrical conductivity parameters were measured with milk
analyzer (Milkotester Master Classic LM2-P1, BULGARIA). In addition, the levels of MDA were determined
with UV-Spectrophotometer at 532 nm wavelength®’. All parameters were measured within 2 h of milking in
two replicates and mean values were recorded.

Cream layer and somatic cells collection. Approximately 50 mL of milk sample were centrifuged
at+4 °C at 1800 x g for 15 min (for colostrum samples, 25 ml of colostrum were completed to 50 ml with the
same volume of PBS and homogenized). Thereafter the samples were kept for about 15 min at—20 °C. After the
cream layer was collected and stored — 20 °C for fatty acid analyzes, the supernatant phase was poured out and
PBS was added to the bottom cell pellet and homogenized. Centrifugation was repeated at+4 °C at 1800 x g for
15 min. Supernatant phases of samples were discarded and approximately 1 mL TRIzol Reagent (Sigma-Aldrich,
USA) was added to cell pellets and homogenized by pipetting. Following the homogenization, samples were
stored — 86 °C until RNA isolation.

Fatty acid analyzes. For fatty acid profiles of samples, 500 uL cream was used from each sample. Samples
were homogenized with 2 mL of 2 N methanolic KOH for 4 min at room temperature. Then 4 ml of n-Heptane
(Merck, USA) was added to samples and kept for 2 min at room temperature. Following the centrifugation
at 200 x g for 5 min, the aqueous phases of samples containing methyl esters were transferred to 1.5 mL vials.
Fatty acids of samples were determined by Gas Chromatography equipped with flame ionization detector (Shi-
madzu GC-2025, Japan), auto-injector (Shimadzu AOC-20i, JAPAN) and Restek Rt-2560 column (100 m length,
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Items contents Proportions (%)
Wheat 19.50
Maize barn 20.60
Corn 18.50
Sunflower meal 15.50
Cottonseed meal 10.00
Barley 7.50
Wheat barn 2.30
Molasses 5.00
Marble powdered (%38 Ca**) 0.30
NaCl 0.70
Premix* 0.10
Total 100.00
Dry matter 88.91
Crude ash 5.96
Ether extract 2.58
Crude protein 16.51
Total metabolic energy (kcal/kg) | 2649.28

Table 3. Chemical and physical composition of concentrate feeds; *: Per 1.5 kg premix contains 15 000 000 IU
Vit A, 3 000 000 IU Vit D3, 50 000 IU Vit E, 50 g manganese, 50 g ferrous, 50 g zinc, 10 g copper, 0.8 g iodine,
0.2 g cobalt, 0.3 g selenium.

0.25 mm ID x 0.20 um). Temperatures of injector and detector were both kept at 250 °C. Hydrogen was used as
carrier gas and the gas flow was 1.20 mL/min. Injection mode was split mode with split ratio of 1:50 and total
injection volume was 1 uL. Injector was rinsed with n-Heptane, three times pre-run and six times post-run.
Temperature gradient program was used. The initial oven temperature was 100 °C (hold for 2 min) and it was
then increased by 4 °C/min until 250 °C (hold for 15 min). The run was 54.50 min. For the verification of fatty
acids, the determined sample peaks retention times were compared with that of internal standard (FAME Mix,
Restek, USA). In addition to nutrition value (NV), odour index (OI), atherogenic index (AI), and thrombogenic
index (TT) were calculated as below:

NV =(C18:0+ C18:1)/C16:0.

Ol = (C4:0+ C6:0 + C8:0 + C10:0)'71%;

Al=(C12:0 + (4*C14:0) + C18:0)/SUFA2,

TI=(C14:0 + C16:0 + C18:0)/((0.5*C18:1) + (0.5*SMUFA) + (0.5*En6) + (3*n3) + (Zn3/Zn6) ).

Total RNA isolation, genomic DNA digestion and cDNA synthesis. Total RNA was isolated from
the somatic cells by standard TRIzol method®. According to protocol, 250 uL chloroform was added to cell
suspensions homogenized in TRIzol Reagent and gently mixed. After waiting 10 min at room temperature,
samples were centrifuged at +4 °C at 12,000 x g for 15 min. Aqua phases of samples were collected to new sterile-
nuclease free centrifuge tubes and isopropyl alcohol was added as much as half of the TRIzol Reagent added in
the samples. The samples were briefly mixed and stored up at room temperature for 10 min. For precipitation
RNA, samples were centrifuged at 4 °C at 12,000 x g for 10 min. Supernatants of samples were discarded follow-
ing the centrifuge and 1 mL 70% ethyl alcohol was added to sample. The samples added 70% ethyl alcohol were
centrifuged at 4 °C at 7500 x g for 5 min. This step was performed twice. Samples were centrifuged for the last
time with 1 mL 96% ethyl alcohol at similar conditions. Finally, RNA pellets were kept at room temperature for
10 min then dissolved with 30-100 uL nuclease-free water. Purity (A,q/,30=1.85+0.01) and concentration of
RNA (233.86 + 13.42 ng/uL) were controlled by nucleic acid spectrophotometer (Merinton SMA-1000 UV Spec-
trophotometer, CHINA). In addition, quality of RNA was checked by evaluated 28S and 18S rRNA bands with
1% agarose gel electrophoresis (100 V and 25 min).

DNA digestion protocol was carried out to samples for eliminating possible genomic DNA contamination
(DNase I, RNase free, Thermo Fisher Scientific, USA). Total RNA was then converted to cDNA with using
cDNA synthesis kit (RevertAid First Strand cDNA Synthesis Kit, Thermo Fisher Scientific, USA). Protocol of
thermal cycler (Bio-Rad T100, USA) was as follows: Samples were kept at 25 °C for 10 min, subsequently at
37 °C for 20 min, and then at 85 °C for 5 min. Following the reaction, sample was completed to 150 pL and kept
at—20 °C until gene expression analyzes.

Real-Time qPCR application. Amplifications of FASN, SCD, ACACA, COX-2, NRF2, TLR2, NF-kB, LTE,
and PTX3 were performed using 10 pL of each cDNA samples in RT-qPCR (Bio-Rad CFX-96 Touch Real time
PCR, USA). SYBR Green I dye containing kit (Power SYBR Green PCR Master, Thermo Fisher Scientific, USA)
was used for amplification and each sample was studied as duplicated. The reaction was arranged 10 min at
95 °C, followed by 15 s at 95 °C, 60 s at 60 °C, and 40 cycles in RT-qPCR. On the other hand, ACTB and G6PD
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Genes Accession no Forward and reverse sequences of primers | PL | Ref
oy |soonsseny | ESSOACKMIAGGICCCCNT |y, [
o |wonssass | ESACSCCETICOENENCT 1 |-
scaca | omonans |ESSCCTGECCOTTIIGTTE Ty |
e e e T
w2 | | ISTICICIGCIEICNCRGY oy, .
Veis oot | LI TSCSIAIGICHCCCT s |
pro oot |3 SCICATTICGIMAGECT 1, |
sctr |ovasmnr | EITSCNCGGCICCCOAGT 1 |-
oo | omonner | ELISACCHRCGCMECITICLT |

Table 4. Forward and reverse sequences of primers amplified genes; *: Designed by authors, P.L.: Product
Length; FASN: Fatty Acids Synthase; SCD: Stearoyl-CoA Desaturase; ACACA: Acetyl-CoA Carboxylase Alpha;
COX-2: Cyclooxygenase-2; TLR2: Toll-like Receptor 2; NF-kB: Nuclear factor Kappa B; LTF: Lactoferrin;
PTX3: Pentraxin 3; NRF2: Nuclear Factor Erythroid 2-related Factor 2; ACTB: Actin-beta; G6PD: Glucose-6-
phosphate Dehydrogenase.

housekeeping genes were used as internal control. Forward and reverse sequences of primers were shown in
Table 4.

Statistical analysis. Descriptive statistics for each variable were calculated and presented as “Mean + Stand-
ard Error of Mean”. The Pearson correlation coefficient was used to determine the correlation between gene
expression levels, somatic cell count and MDA levels. To determine the effect of time of sampling on milk qual-
ity and milk fatty acid parameters, linear mixed model was used. The following model with repeated measures
design: Yjjx = u + Tj + ejx . Where, Y, dependent variable; p, overall mean; Tj, effect of time of sampling
(j=Day of parturition, after parturition 4, 7, 14 and 28 d) and €ijk> residual error. Animals were assessed as a ran-
dom effect, while the time of sampling was assessed as fixed effect. When a significant difference was revealed,
any significant terms was compared by simple effect analysis with Bonferroni adjustment. P<0.05 was consid-
ered as significant in all analyses. All data were analyzed using IBM SPSS Statistics software (Version 23.0)%.

Expression levels of genes were calculated by the 2724 method and geometric mean of reference genes Ct
values was used for gene expression analyzes®!. The results were determined with comparing to Oth day and
presented as fold changes.

Ethical statement. All methods and procedures strictly complied with the “Regulation on the Studying
Procedures and Principles of Animal Experiments of Ethics Committees” of Ministry of Agriculture and For-
estry (2014, Republic of Turkey) and regulations of the Animal Experiments Local Ethics Committees of Hatay
Mustafa Kemal University. In addition, the approval of the farm owner was obtained for the study.

Received: 16 December 2020; Accepted: 16 April 2021
Published online: 03 May 2021

References
1. Hickey, L. T. et al. Breeding crops to feed 10 billion. Nat. Biotechnol. 37, 744-754 (2019).
2. Crist, E., Mora, C. & Engelman, R. The interaction of human population, food production, and biodiversity protection. Science
(80-.) 356, 260-264 (2017).
. Clark, S. & Garcia, M. B. M. A 100-year review: advances in goat milk research. J. Dairy Sci. 100, 10026-10044 (2017).
. Yurchenko, S. et al. Fatty acid profile of milk from Saanen and Swedish Landrace goats. Food Chem. 254, 326-332 (2018).
. Skapetas, B. & Bampidis, V. Goat production in the World: present situation and trends. Livest. Res. Rural Dev. 28, 200 (2016).
. Novotna, K. et al. Impact of concentrate level and stage of lactation on fatty acid composition in goat milk. Sci. Agric. Bohem. 50,
171-175 (2019).
7. Argiiello, A., Castro, N., Alvarez, S. & Capote, J. Effects of the number of lactations and litter size on chemical composition and
physical characteristics of goat colostrum. Small Rumin. Res. 64, 53-59 (2006).
8. Moreno-Indias, I. et al. Chemical composition and immune status of dairy goat colostrum fractions during the first 10 h after
partum. Small Rumin. Res. 103, 220-224 (2012).
9. Sanchez-Macias, D., Moreno-Indias, I., Castro, N., Morales-Delanuez, A. & Argiiello, A. From goat colostrum to milk: physical,
chemical, and immune evolution from partum to 90 days postpartum. J. Dairy Sci. 97, 10-16 (2014).

AN U W W

Scientific Reports|  (2021) 11:9448 | https://doi.org/10.1038/s41598-021-88976-0 nature portfolio



www.nature.com/scientificreports/

10. Rachman, A. B., Maheswari, R. R. A. & Bachroem, M. S. Composition and isolation of lactoferrin from colostrum and milk of
various goat breeds. Procedia Food Sci. 3, 200-210 (2015).

11. Boutinaud, M., Rulquin, H., Keisler, D. H., Djiane, J. & Jammes, H. Use of somatic cells from goat milk for dynamic studies of gene
expression in the mammary gland. J. Anim. Sci. 80, 1258-1269 (2002).

12. Csanadi, J., Fenyvessy, J. & Bohata, S. Somatic cell count of milk from different goat breeds. Acta Univ. Sapientiae Aliment. 8, 45-54
(2015).

13. Cremonesi, P. et al. Response of the goat mammary gland to infection with Staphylococcus aureus revealed by gene expression
profiling in milk somatic and white blood cells. BMC Genom. 13, 540 (2012).

14. Canovas, A. et al. Comparison of five different RNA sources to examine the lactating bovine mammary gland transcriptome using
RNA-sequencing. Sci. Rep. 4, 1-7 (2014).

15. Chilliard, Y. et al. Effects of diet and physiological factors on milk fat synthesis, milk fat composition and lipolysis in the goat: a
short review. Small Rumin. Res. 122, 31-37 (2014).

16. Marziali, S. et al. Effect of early lactation stage on goat colostrum: assessment of lipid and oligosaccharide compounds. Int. Dairy
J. 77, 65-72 (2018).

17. Virto, M. et al. Lamb rennet paste in ovine cheese manufacture Lipolysis and flavour. Int. Dairy J. 13, 391-399 (2003).

18. Santillo, A. et al. Consumer acceptance and sensory evaluation of Monti Dauni Meridionali Caciocavallo cheese. J. Dairy Sci. 95,
4203-4208 (2012).

19. Yakan, A., Ozkan, H., Sakar, A. E., Unal, N. & Ozbeyaz, C. Gene expression levels in some candidate genes for mastitis resistance,
milk yield, and milk quality of goats reared under different feeding systems. Turk. J. Vet. Anim. Sci. 42, 18-28 (2018).

20. Ulbricht, T. L. V. & Southgate, D. A. T. Coronary heart disease: seven dietary factors. Lancet 338, 985-992 (1991).

21. Nguyen, D.-A.D. & Neville, M. C. Tight junction regulation in the mammary gland. J. Mammary Gland Biol. Neoplasia 3, 233-246
(1998).

22. Paape, M. ]. et al. Monitoring goat and sheep milk somatic cell counts. Small Rumin. Res. 68, 114-125 (2007).

23. Gonzalo, C. et al. Factors of variation influencing bulk tank somatic cell count in dairy sheep. J. Dairy Sci. 88, 969-974 (2005).

24. Dirr, J. W, Cue, R. I, Monardes, H. G., Moro-Méndez, J. & Wade, K. M. Milk losses associated with somatic cell counts per breed,
parity and stage of lactation in Canadian dairy cattle. Livest. Sci. 117, 225-232 (2008).

25. Agnihotri, M. K. & Rajkumar, V. Effect of breed, parity and stage of lactation on milk composition of western region goats of India.
Int. J. Dairy Sci. 2,172-177 (2007).

26. Addass, P. A, Tizhe, M. A, Midau, A., Alheri, P. A. & Yahya, M. M. Effect of genotype, stage of lactation, season and parity on
milk composition of goat in Mubi, Adamawa State Nigeria. Ann. Biol. Res. 4, 248-252 (2013).

27. Kapusta, A., Kuczynska, B. & Puppel, K. Relationship between the degree of antioxidant protection and the level of malondialdehyde
in high-performance Polish Holstein-Friesian cows in peak of lactation. PLoS ONE 13, 0193512 (2018).

28. Marounek, M., Pavlata, L., Mi$urovs, L., Volek, Z. & Dvorak, R. Changes in the composition of goat colostrum and milk fatty acids
during the first month of lactation. Czech J. Anim. Sci. 57, 28-33 (2012).

29. Yang, X., Chen, J. & Zhang, F. Research on the chemical composition of Saanen goat colostrum. Int. J. dairy Technol. 62, 500-504
(2009).

30. Desbois, A. P. & Smith, V. J. Antibacterial free fatty acids: activities, mechanisms of action and biotechnological potential. Appl.
Microbiol. Biotechnol. 85, 1629-1642 (2010).

31. Chilliard, Y. & Ferlay, A. Dietary lipids and forages interactions on cow and goat milk fatty acid composition and sensory proper-
ties. Reprod. Nutr. Dev. 44, 467-492 (2004).

32. Lopez, A., Vasconi, M., Moretti, V. M. & Bellagamba, E Fatty acid profile in goat milk from high-and low-input conventional and
organic systems. Animals 9, 452 (2019).

33. Curro, S. et al. Effects of breed and stage of lactation on milk fatty acid composition of Italian goat breeds. Animals 9, 764 (2019).

34. Crisa, A, Ferre, E, Chillemi, G. & Moioli, B. RNA-Sequencing for profiling goat milk transcriptome in colostrum and mature milk.
BMC Vet. Res. 12, 264 (2016).

35. Zhang, Y., Zheng, Z., Liu, C. & Liu, Y. Lipid profiling and microstructure characteristics of goat milk fat from different stages of
lactation. J. Agric. Food Chem. 68, 7204-7213 (2020).

36. Kuchtik, J. et al. Changes in physico-chemical characteristics, somatic cell count and fatty acid profile of Brown Short-haired goat
milk during lactation. Anim. Sci. Pap. Rep. 33, 71-83 (2015).

37. Suburu, J. et al. Fatty acid synthase is required for mammary gland development and milk production during lactation. Am. J.
Physiol. Metab. 306, E1132-E1143 (2014).

38. Zhu,].]. et al. Inhibition of FASN reduces the synthesis of medium-chain fatty acids in goat mammary gland. Animal 8, 1469-1478
(2014).

39. Bionaz, M. & Loor, J. J. Gene networks driving bovine milk fat synthesis during the lactation cycle. BMC Genom. 9, 366 (2008).

40. Tudisco, R. et al. Influence of pasture on goat milk fatty acids and Stearoyl-CoA desaturase expression in milk somatic cells. Small
Rumin. Res. 122, 38-43 (2014).

41. Piorkowska, K. et al. Evaluation of SCD, ACACA and FASN mutations: effects on pork quality and other production traits in pigs
selected based on RNA-Seq results. Animals 10, 123 (2020).

42. Yang, C. et al. The response of gene expression associated with lipid metabolism, fat deposition and fatty acid profile in the longis-
simus dorsi muscle of Gannan yaks to different energy levels of diets. PLoS ONE 12, e0187604 (2017).

43. Bernard, L. et al. Effect of sunflower-seed oil or linseed oil on milk fatty acid secretion and lipogenic gene expression in goats fed
hay-based diets. . Dairy Res. 76, 241-248 (2009).

44. Moretti, D. B,, Santos, C. B., Alencar, S. M. & Machado-Neto, R. Colostrum from primiparous Holstein cows shows higher anti-
oxidant activity than colostrum of multiparous ones. J. Dairy Res. 87, 356-359 (2020).

45. Pfaffl, M. W,, Wittmann, S. L., Meyer, H. H. D. & Bruckmaier, R. M. Gene expression of immunologically important factors in
blood cells, milk cells, and mammary tissue of cows. J. Dairy Sci. 86, 538-545 (2003).

46. Ozkan, H. & Yakan, A. The relationship between milk fatty acid profile and expression levels of SCD, FASN and SREBPF1 genes
in damascus dairy goats. Kocatepe Vet. Derg. 13,1 (2020).

47. Deng, S. et al. Over-expression of Toll-like receptor 2 up-regulates heme oxygenase-1 expression and decreases oxidative injury
in dairy goats. J. Anim. Sci. Biotechnol. 8, 3 (2017).

48. Han, L. et al. Methionine supply alters mammary gland antioxidant gene networks via phosphorylation of nuclear factor erythroid
2-like 2 (NFE2L2) protein in dairy cows during the periparturient period. J. Dairy Sci. 101, 8505-8512 (2018).

49. Lutzow, Y. C. S. et al. Identification of immune genes and proteins involved in the response of bovine mammary tissue to Staphy-
lococcus aureus infection. BMC Vet. Res. 4, 18 (2008).

50. Filipe, J. et al. Pentraxin 3 is up-regulated in epithelial mammary cells during Staphylococcus aureus intra-mammary infection in
goat. Comp. Immunol. Microbiol. Infect. Dis. 59, 8-16 (2018).

51. Brenaut, P. et al. Contribution of mammary epithelial cells to the immune response during early stages of a bacterial infection to
Staphylococcus aureus. Vet. Res. 45, 16 (2014).

52. Ward, P. P, Paz, E. & Conneely, O. M. Lactoferrin. Cell. Mol. Life Sci. 62, 2540 (2005).

53. Abd El-Baky, N. Differential antimicrobial effectiveness of camel lactoferrin-oleic acid and bovine lactoferrin-oleic acid complexes
against several pathogens. SOJ BioChem 4, 1-9 (2018).

Scientific Reports | (2021) 11:9448 | https://doi.org/10.1038/s41598-021-88976-0 nature portfolio



www.nature.com/scientificreports/

54. Li, H. et al. The combination of two bioactive constituents, lactoferrin and linolenic acid, inhibits mouse xenograft esophageal
tumor growth by downregulating lithocholyltaurine and inhibiting the JAK2/STAT3-related pathway. ACS Omega 5, 20755-20764
(2020).

55. Wang, X. et al. Temporal proteomic analysis reveals continuous impairment of intestinal development in neonatal piglets with
intrauterine growth restriction. J. Proteome Res. 9, 924-935 (2010).

56. Zhang, X., Liu, X., Li, E & Yue, X. The differential composition of whey proteomes in Hu sheep colostrum and milk during different
lactation periods. Animals 10, 1784 (2020).

57. Esterbauer, H. & Cheeseman, K. H. Determination of aldehydic lipid peroxidation products: malonaldehyde and 4-hydroxynonenal.
In Methods in Enzymology vol. 186, 407-421 (Elsevier, 1990).

58. Rio, D. C,, Ares, M., Hannon, G. J. & Nilsen, T. W. Purification of RNA using TRIzol (TRI reagent). Cold Spring Harb. Protoc. 2010,
pdb-prot5439 (2010).

59. Garcia-Crespo, D, Juste, R. A. & Hurtado, A. Selection of ovine housekeeping genes for normalisation by real-time RT-PCR;
analysis of PrPgene expression and genetic susceptibility to scrapie. BMC Vet. Res. 1, 3 (2005).

60. SPSS, I. B. M. Statistics for Windows [Computer Program]. Version 23.0. (2015).

61. Livak, K. J. & Schmittgen, T. D. Analysis of relative gene expression data using real-time quantitative PCR and the 2-AACT method.
Methods 25, 402-408 (2001).

Acknowledgements
This study was supported by the Scientific and Technological Research Council of Turkey (TUBITAK) with the
1190716 project number.

Author contributions

A.Y. and H.O. conceived and investigated the study. A.Y. supervised of the study. H.O. and B.G. collected samples,
and performed RNA isolation and gene expression applications. B.C. and S.D. determined the milk parameters.
B.C.and I.K. determined the fatty acid profile of samples. A.Y., H.O. and U.K. analyzed the results. A.Y. and H.O.
wrote the manuscript. All authors read and approved the final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to A.Y. or H.O.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:9448 | https://doi.org/10.1038/s41598-021-88976-0 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Expression patterns of major genes in fatty acid synthesis, inflammation, oxidative stress pathways from colostrum to milk in Damascus goats
	Results
	Discussion
	Methods
	Materials, design of the study, samples collection and measuring parameters. 
	Cream layer and somatic cells collection. 
	Fatty acid analyzes. 
	Total RNA isolation, genomic DNA digestion and cDNA synthesis. 
	Real-Time qPCR application. 
	Statistical analysis. 
	Ethical statement. 

	References
	Acknowledgements


