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Abstract The present study aimed to evaluate the effects of crossbreeding
on milk yield, physical and chemical composition and fatty acid profiles of milk
fatin Qazvini goats and its crosses with Saanen goats. Records of 316 lactations
and 1745 test-day milk were available for Qazvini (Q), QazvinixSaanen (QS), and
QSxSaanen (QSS) goats. The least squares means and standard errors of daily
milk yield in Q, QS, and QSS goats were 716+75, 1188=61, and 1373107 g/day,
during the lactation length of 163, 160 and 166 days, respectively. In Q milk, the
percentages of total solids, fat, protein, lactose and ash, and the density (-
1000, g L' and freezing point (-°C) were 15.12, 6.01, 3.39, 4.91, 0.80, 29.91 and
-0.601 being higher (P<0.01) than those of crossbred goats (except for milk
density). Concentration of milk saturated fatty acids (SFA) and polyunsaturated
fatty acids (PUFA) for Q, QS, and QSS were 68.31, 67.42, 75.34, and 2.74, 4.10
and 3.25 g/100g total fatty acids, respectively (P<0.05). Concentration of mon-
ounsaturated fatty acids (MUFA) for those groups were 20.16, 19.18 and 18.43
g/100g total fatty acids, respectively (P>0.05). Despite decreased concentra-
tion of milk components, crossbreeding might be recommended in increasing
the milk production and the amount of PUFA fatty acids in Qazvini goats.
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ades and goats play an important role in milk produc-
tion worldwide, as it represents an economical substi-
tute to milk from cattle in developing countries, espe-
cially in dry and harsh environments (Klir et al., 2015).
The consumption of goat milk is often recom-
mended by healthcare professionals due to its nutri-

Introduction

Goat farming is a common and popular practice in the
world, with goat products having a special market (Pol-
lott and Wilson, 2009). The number of goats has in-
creased globally, despite major changes in agriculture
due to industrial mergers, globalization, and technolog-

ical advances in developed countries (Gooki et al., 2019).
The indigenous genetic resources play an important
role in food production and nutrition security in dry re-
gions of the world (Ogola and Kosgey, 2012). Goat milk
production has increased significantly in the past dec-

tional advantages for people with health problems (de
Cardona et al., 2017). There are about 1.52% of the world
1.34 billion goats in Iran (FAOSTAT, 2019a). Currently, the
ranking of Iran in goat milk production and milk produc-
tion per head is 14" and 84" in the world, respectively
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(FAOSTAT, 2019b). Hence, considering the more ex-
tended period needed to achieve genetic progress by
selection within breeds strategy, crossbreeding of indig-
enous goats with more productive pure breeds may be
recommended for supplying the increased demands of
goat milk production. For example, daily milk yield of lo-
cal goat breeds in Kenya increased from 0.61 to 1.08 kg
(Bett et al., 2011) and total milk production of local goat
breeds in Southern Tunisia increased 2.5-fold (Gaddour
et al., 2009). Also, the total milk production of native
goats in Romania and India increased by 38 and 77 per-
cent, respectively (Serradilla, 2001; Shelton, 1986).

The Qazvini goats (Q) in Iran are kept under an ex-
tensive traditional system mainly for meat and milk pro-
duction. These goats are well adapted to the harsh re-
gions and produce an acceptable amount of milk and
meat in the low-input rearing system. Due to the gov-
ernment's policy of removing native small ruminant
from pastures and developing intensive systems, the
need for genetic improvement of local breeds by cross
breeding to increase production per head is felt more
than ever.

Saanen goats as a dairy breed have often been used
to improve the milk production in native breeds (Glzeler
et al., 2010; Serradilla, 2001). Currently, crossbreeding is
one of the important breeding strategies for increasing
goat milk production in Iran (Hosseini et al., 2017). Due
to the high cost of raising goats in intensive systems,
quantitative and qualitative evaluation of milk produced
by crossbred goats in this breeding system is necessary.
Therefore, the objective of this study was to evaluate the
quantity and quality characteristics of milk production in
Qazvini goats and their crosses with Saanen goats.

Materials and methods

Study area

The current study was used the data collected at the
Fakhr-e-Iranian farm in Qazvin province of Iran. This
farm is located at the latitude of 23.5°N and longitude of
89°E, and an altitude of 1280 m above mean sea level.

Animals, management, and feeding

The data were obtained from 69, 107 and 18 Qazvini (Q),
QazvinixSaanen (QS), and QSxSaanen (QSS) does,
raised under the same environmental conditions and
managed in an intensive system from 2016 to 2018. The
does were mated with 11 Saanen bucks, while avoiding
the mating of the daughters with their sires. The mating
system is shown in Figure 1.
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Table 1. Chemical composition (%) of alfalfa and concentrate
mix

Composition Alfalfa Concehtrate
mix

Dry matter 88 90

Crude protein 16.5 204

Ether extract 3.2 6.6

Ash 8.7 6.5

Neutral detergent fiber 43 14.6

Metabolizable energy

(MJ/kg" DM) 2 295

All animals were regularly vaccinated against the
major epidemic diseases in Iran (i.e., foot and mouth
disease, anthrax, and goat pox) and treated in for inter-
nal and external parasites, and other treatments when-
ever needed. The goats were fed with alfalfa hay and
concentrate mix according to their maintenance, milk
production, and growth requirements (Table 1).

Sampling and measurements

The goats were machine-milked by (8:00 AM and 4:00
PM) and fed (9:00 AM and 5:00 PM) twice per day. The
test-day milk records were collected monthly from kid-
ding until drying off. Depending on the milking capacity,
the time of drying off fluctuated between the third and
seventh months of lactation. The first milk recording was
set between 15 days and one month after kidding. The
kids were allowed to suckle their dams freely until the
first milk recording. The kids were then weighed and
kept on a residual suckling regimen in which they were
allowed to obtain the residual milk for 10 minutes, and
were weighed again. The difference between the first
and second weights, as the residual milk, was added to
the milk harvested by the milking machine. Milk samples
were taken monthly from the morning and afternoon
milking and analyzed for fat, solids-not-fat (SNF), lac-
tose, ash, protein, density and freezing point by using
an ultrasonic milk analyzer (Milkotronic Ltd, Bulgaria)
that was calibrated for the goat milk. In this study, 316
lactations and 1,745 test-day milk records were meas-
ured from the three genotypic groups (Table 2).

Table 2. The number of lactation periods by genotypic group
and year of study

Years
Goat genotype 2016 2017 2018
Q 73 47 i
Qs 28 106 38
Qss - 9 15

Q: Qazvini; QS: QxSaanen, and QSS: QS x Saanen goat
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Figure 1. The crossbreeding system between the Qazvini and Saanen goats

Milk fatty acids were determined in samples col-
lected on months 1, 3 and 5 of the lactation in 18, 21, and
15 Q, QS, and QSS does. Milk fat was extracted, and fatty
acids methylated according to Bouattour et al. (2008).
Briefly, 0.1 g of the milk fat was mixed with 2 mL of KOH
(1 M), and then 5 mL of 14% boron trifluoride in ethanol
added. The samples were methylated by incubation at
100 °C for 60 min and extracted with 5 mL hexane. The
fatty acid methyl esters in the hexane layer were ana-
lyzed by a gas chromatograph (3400 Varian Star; Varian
Inc., Palo Alto, CA) equipped with CP-SIL-88 capillary
column (60 mx0.25 mm, Varian), with helium as the
carrier gas. The column temperature was initially 50 °C
for 1 min, increasing by 4 °C/min to 190 °C. The temper-
ature of the injector was set 280 °C, and that of the de-
tector at 300 °C (Emami et al., 2016).

Statistical analysis

Data were analyzed using the PROC MIXED for repeated
measurements in the SAS program (SAS, 2004). The
data on daily milk yield, physical, chemical composition
and fatty acid profiles of milk fat were analyzed by ap-
plying the following statistical model:

Yikimno = WL+ Gi + Aj (Gi) + Rc + Li + Sm + Pn +
Mo + GixMo + €jjkimno

where yixmno iS 0bservations; L is overall mean, Giis the
fixed effect of the it genotypic group (i=Q, QS and QSS),
A (Gi) is the random effect of animal within genotypic
group ~N(O, G?animal (Genotypic group)), Rk is the fixed effect of
the k™ year of kidding (k = 2016 to 2018), L is the fixed
effect of the L™ litter (L=singleton and twin), Sm is the

fixed effect of the m™ season of kidding (m = spring to
winter), Pn is the fixed effect of the n" lactation of dam
(m =110 5), Mo is the fixed effect of the o™ month of
lactation (0 =110 7), GixMo is the interactions between
the fixed effects of genotypic group and month of lacta-
tion and ejxmno is the random residual effect ~N(0, ¢2).
The fatty acid profile in milk fat was determined in 17, 20
and 9 milk samples from Q, QS and QSS genotypes, col-
lected in 2017. The model included the genotype and
lactation as the fixed effects. Due to the non-significant
effects of lactation, only the fixed effect of genotype was
included in the final model. Comparisons of means were
carried out using the Tukey's (P<0.05).

Results

Milk yield, physical characteristics and chemical
composition

The least squares means of daily milk production for Q,
QS and QSS goats were 716, 1188 and 1373 g/day, (Table
3), in lactation length of 163, 160 and 166 days, respec-
tively with significant differences between Q indigenous
and crossbred goats (P<0.01). The lactation length was
not affected by the genotype.

Among the three genotypic groups, Q goats had the
highest performance in terms of milk total solids, fat,
lactose, ash, protein content and freezing point
(P<0.01), except for density. There was no significant dif-
ference between QS and QSS goats for milk physical and
chemical characteristics, except for the ash content
(P<0.01). The milk freezing point in Q milk (-0.601°C) was
lower than that of QS and QSS crossbred goats (P<0.01).
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Table 3. Least square means (= SEM) of the fixed effects and genotypic groups for daily milk yield and lactation length

Traits
Effects N Morning milk Afternoon milk Daily milk Lactation
yield (g) yield (g) yield (g) length (day)
Genotype 1745 * o * 316 NS
Q 153 469b+53 248P+27 71675 121 163+8
QS 1068 797343 3932+21 1188261 172 160+8
Qss 524 9412+75 4343+37 13732107 23 166+14
Year of kidding 1745 * ** ** 316 *
2016 427 606P+54 315P+26 917°+76 101 119b+9
2017 1001 8052+37 405218 12082+53 163 1863+6
2018 317 797256 3562P+27 11512+79 52 1832+10
Season of kidding 1745 x o o 316 x
Spring 561 605b+42 28821 891°+60 98 1437
Summer 130 8452 +63 4703+31 13122 89 32 164°+11
Autumn 628 8102+41 362°+20 11712+58 107 18727
Winter 426 68320+49 314bc+24 995P+69 79 156P+9
Parity 1745 * b b 316 o
1 411 574b+48 2945+24 868b+69 67 192b+9
2 641 7323041 3373+20 1067°+58 99 1992+7
3 362 757347 402%0+23 1257266 75 167°+8
4 186 778%+66 3723+32 11493b+93 44 14912
5 145 736%°+84 3883b+41 111920+118 31 1089+8
Type of birth 1745 NS2 NS NS 316 NS
Singleton 1371 756+34 362+41 1115+48 253 157+6
Twin 374 71644 35517 1069+62 63 1698
Month of lactation 1745 * ** **
1 316 1041236 513218 15522+51
2 316 10822+36 513218 15952+51
3 316 910P+36 435P+18 1345051
4 272 72437 346°+18 106852
5 203 581938 277919 855954
6 188 4819ex45 2464+23 720%x64
7 134 332¢+71 1819+37 509¢+99
GenotypexMonth of lactation 1745 NS NS NS

Q: Qazvini; QS: QxSaanen, and QSS: QS x Saanen goat.
NS: No significant P>0.05; * significant P<0.05; **significant P<0.01.

2bWithin each column and for each subclass, the means with common superscript(s) do not differ P>0.05.

The effects of year of kidding were significant
(P<0.01) on all traits investigated in this study (Tables 3
and 4). The effects of lactation number (parity) were sig-
nificant (P<0.01) on milk yield. The first-lactation goats
produced the lowest daily milk per day (P<0.01). The
milk yield increased progressively with the parity until
the third lactation (Table 3). A slight decrease in the milk
yield in the fourth and fifth lactations was observed. In
addition, milk physical and chemical characteristics
(P<0.01) were affected by parity (Table 4). Goats in fifth-
lactation produced (P<0.01) lower total solid and fat, but
higher protein, lactose, and ash contents. Kidding sea-
son affected the investigated traits (Tables 3 and 4) but
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the effect of litter size on lactation length was not signif-
icant (Table 3). Lactation length in twin bearing goats
was 7.64% longer than in singleton goats.

The month of lactation significantly impacted on the
daily milk yield and milk physical and chemical charac-
teristics (Tables 3 and 4). In Q goats, the highest daily
milk production was recorded in the first and second
months of lactation (Figure 2). In QS and QSS goats, the
highest daily milk production was achieved in the sec-
ond month of lactation.

Milk lactose and protein concentrations were higher
in the Q goats than QS and QSS crossbreds (P<0.01), ex-
cept at the seventh month of lactation (Table 4 and Fig-
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Figure 2. Daily milk yield (kg), Fat concentration (%), Lactose concentration (%), Protein concentration (%) of gen-
otypic groups over months of lactation, Q: Qazvini; QS: QxSaanen, and QSS: QS x Saanen goat.

ure 2). Lactose content was almost stable during lacta-
tion in all genotypic groups. Milk protein content slightly
tended to decrease in the Q goats in which their milk
yield showed a decreasing trend.

The milk fat content in all genotypic groups de-
creased from the first to second month of lactation, and
after that tended to increase until the end of lactation
(Figure 2). The milk fat content of Q goats was lower
than that of QS and QSS crossbred goats in the early lac-
tation, but in the third and seventh months of lactation,
the fat content of milk in Q goats was higher than other
groups (P<0.01).

Milk fatty acid profiles

The effect of the genotypic groups on some of fatty acid
profiles was significant (P<0.05, Table 5). The C16:0 level
was the highest in total goat milk fatty acids, followed
by C18:19¢, C10:0, C14:0, C18:0, and C6:0 fatty acids, re-
spectively. These fatty acids constituted about 71.75% of

the total fatty acids.

The saturated fatty acids (SFA)in Q, QS and QSS were
68.31, 67.42 and 75.34%, respectively (P<0.05). Within
the SFA, significant differences were observed for C4:0,
C6:0, €8:0, C10:0, C12:0, C15:0 and C20:0 values. The
QSS goats showed higher concentrations of C4:0, C8:0,
C10:0, C12:0, and C15:0 than that of QS crossbreds. In
contrast, Q and QS goats had higher concentrations of
C6:0 and C20:0, respectively.

The monounsaturated fatty acid (MUFA) concentra-
tion was 20.16, 19.18, and 18.43% for Q, QS, and QSS
goats, respectively (P>0.05). Among the MUFAs,
(18:1,12¢ was highest in QSS goats (P<0.05).

The proportion of polyunsaturated fatty acid (PUFA)
ranged from 2.74 to 4.10% for three genotypic groups.
The QS goats had a higher proportion of PUFA com-
pared with the Q goats (P<0.05). Concentrations of
C18:2 n6 in milk fat of crossbred goats was higher than
in Q goats (P<0.05). The conjugated linoleic acid (CLA)
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Table 4. Least square means (+ SEM) of the fixed effects and genotypic groups for milk physical and chemical characteristics

Traits
Effects : TOt?J%S)O“d Fat (%) Protein (%) Lactose (%) Ash (%) (—1288,551'1) pFOr;etz(l_r;gC)
Genotype 1745 o * * ** rx NS2 *x
Q 153 15.122+0.16 6.01°x0.17  3.392+0.03  4.91°£0.04 0.80°+0.01  29.91+0.27 0.6012+0.01
Qs 1068 13.65P+£0.12  4.82°+0.13  3.29+0.02 4.78%+0.03 0.77°+0.01 29.36+0.22  0.569°+0.01
QssS 524 13.31°x0.21 4.63°+0.23 3.24°+0.03  4.70°+0.05 0.75%+0.01 28.36+0.39  0.558°+0.01
Year of kidding 1745 o o o o * ** o
2016 427 13.57°+0.16  4.53°x0.17  3.37°£0.02 4.90°:0.04 0.78%+0.01 30.26°x0.28  0.5852+0.01
2017 1001 14.142x0.11 5352011  3.28°+0.02  4.75Px0.03  0.77°x0.01 29.00°+0.19  0.571°+0.01
2018 317 14.38%0.16 5583+0.177 3.27°+0.03  4.75bx0.04 0.77°+0.01 28.91"x0.28  0.573°+0.01
Season of kidding 1745 * ** ** ** * *x **
Spring 561 13.63P+0.13  4.84°+013  3.27°+0.02  4.75°+0.02 0.76x0.02  29.15+0.20  0.568°+0.01
Summer 130 14772018 5.902£0.19 3.30%*+0.03 4.803*+0.04 0.78+0.04 29.04°+0.32  0.5813+0.01
Autumn 628 14.04°x0.12 4.97°+0.13 3.38x0.02 4.91°x0.03  0.79+0.03  30.16%+0.21  0.5872+0.01
Winter 426 13.68°:0.14 4.90°+0.15 3.28°+0.02  4.75°+0.03 0.76x0.03  29.22°+0.25  0.568°+0.01
Parlty 1745 ** *k *k Kk *k Kk *k
1 411 14372014 5.44°x0.15 3.33°+0.02 4.82°+0.03 0.782+0.01 29.45°+0.25 0.58320+(0.01
2 641  14.222x0.12 5.443:013  3.27°+0.02  4.75°+0.03 0.77°+0.01 28.88°+0.21  0.573°+0.01
3 362 1411014 5382015 3.26°+0.02  4.72°+0.03  0.76°+0.01 28.84°+0.24  0.567°+0.01
4 186  14.10%+0.19  5.422+0.15 3.23°+0.03  4.70°+0.05 0.76°+0.01 28.50°+0.34  0.562°+0.01
5 145  13.35°:0.24 4.08°+0.26 3.45%+0.04 5.032x0.04 0.80°x0.01 31.29%+0.43  0.596%+0.01
Type of birth 1745 NS NS NS NS NS NS NS
Singleton 1371 14.00+0.10 5.12+0.11 3.31+0.02 4.80+0.02 0.77+0.01 29.42+0.18 0.577+0.01
Twin 374 14.06+0.13 5.18+0.14 3.30+0.02 4.80+0.03 0.77+0.01 29.37+0.22 0.575+0.01
Month of lactation 1745 * o o o * o x
1 316 13.90°+0.11  4.82¢+0.12 3.38%+0.02  4.912x0.04 0.792x0.01 30.25x0.19  0.5882x0.01
2 316 1347011 4.529x0.12 3.33P+0.02 4.85°+0.04 0.77°+0.01 29.882,+0.19 0.578°+0.01
3 316 13.64°x0.11 4.759+0.12 3.31°*0.02 4.81°<+0.04 0.77°+0.01 29.525+0.19  0.573°+0.01
4 272 13.77°2011  4.90¢0.12  3.31*x0.02 4.80°+0.04 0.77°+0.01 29.46%9+0.19  0.573P+0.01
5 203  14.02°x0.12 5.21°¢0.12  3.28*0.02  4.76+0.04  0.77°x0.01 29.1599+0.20 0.572°+0.01
6 188  14.47°£0.15 5.59%x015 3.30°x0.02 4.79°<+0.04 0.782x0.01 29.25%+0.23  0.578b+0.01
7 134  14.94°:0.24 6.27°£0.25 3.23*0.04 4.68+0.04 0.77°+0.01 28.239%+0.36  0.570°+0.01
GenotypexMonth o ox - - - ox - -
of lactation

Q: Qazvini; QS: QxSaanen, and QSS: QS x Saanen goat.
NS: No significant P>0.05; * significant P<0.05; **significant P<0.01.
ab Within each column and for each subclass, the means with common superscript(s) do not differ P>0.05.

concentration in the milk fat of genotypic groups, and
the ratio of n-6/n-3 fatty acids not affected by genotypic
groups (P>0.05).

Discussion

Results of the present study demonstrate that crossing
Qazvini goats with Saanen goats is an appropriate strat-
egy for improving milk production. In a similar study,
Hoseini et al. (2011) reported a daily milk yield of 0.48 kg
for Iranian Lori black goat and 1.1 kg for its crossbred with
Saanen during five months of lactation. Hosseini et al.
(2017) reported 0.65 and 1.31 kg daily milk yield for Ira-
74

nian Mamasani goat and its crossbreds with Saanen, re-
spectively. Katanos et al. (2005) reported an average
daily milk yield 560, 956 and 1139 mL for Greece local
goat and their crossbred goats with 50% and 75%
Saanen genes pool, respectively. The results of the pre-
sent study, consistent with these reported indicated that
crossing with Saanen breed has improved the produc-
tion of milk of Qazvini native goats (Figure 2).

The significant effects of year, season of kidding and
parity on milk yield traits and milk physical and chemical
characteristics may be due to fluctuations in the age,
availability of nutrients, increase in dry matter intake and
mammary capacity (Ciappesoni et al., 2004; Ishag et al.,
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Table 5. Least square means (= SEM) for fatty acids profile g/100 g total fatty

acids by genotypic groups

. Genotype

Fatty acid q as Qss
c4:0 3.333+(0.52 2.725+0.45 4.242+0.53
C6:0 7.842£1.72 5.33P+1.15 6.262°+1.30
€8:0 3.822+0.40 2.96°+0.35 4.88+0.43
C10:0 14.553b+1.55 11.76b+1.35 16.612+1.60
C12:0 4.523+0.29 3.945+0.26 4.793+0.30
C14:0 7.99+0.42 8.16+0.37 9.17+0.43
15:0 0.495+0.09 0.642°+0.07 0.782+0.09
C16:0 19.91+1.50 23.12+1.31 20.99+1.55
c17:0 0.57+0.09 0.71+0.07 0.53+0.09
18:0 9.03+0.66 8.19+0.57 7.47+0.68
C20:0 0.26°+0.09 0.512+0.08 0.362+0.10
C22:0 0.25+0.06 0.26+0.05 0.28+0.06
C10:1c 0.21£0.05 0.28+0.03 0.27+0.05
C12:1c 1.33+0.24 0.85+0.22 0.95+0.24
C14:1c¢ 0.61+£0.09 0.45+0.08 0.53+0.10
C15:1c 0.73x0.12 0.68+0.09 0.48+0.11
C16:1c 1.02+0.15 1.13+0.12 0.76+0.15
171 0.36+0.08 0.48+0.05 0.45+0.07
C18:1, 9c 16.01+1.20 14.59+1.04 13.95+1.23
18:1,71c 1.06+0.25 1.24+0.21 1.69+0.22
18:1,12¢ 0.29°+0.06 0.31°+0.03 0.472+0.05
C20:1 0.32+0.07 0.36+0.05 0.34+0.07
C18:2c n6 1.66°+0.17 2.502+0.15 2.163v+0.18
C18:2t n6 0.17°+0.05 0.27°+0.03 0.412+0.04
18:3cn3 0.45+0.13 0.66+0.1 0.54+0.13
(C18:2,9¢, 11t CLAC 0.70+0.28 0.85+0.23 0.90+0.42
(18:2,70t,12¢ CLA 0.17+0.06 0.22+0.07 NDd
Total CLA 0.79+0.29 0.92+0.24 0.90+0.44
SFA® 68.31°+2.84 67.42°+2 47 75.342+2.93
MUFAf 20.16+1.27 19.18+1.11 18.43+1.32
PUFAS 2.74°+0.35 4.10+0.31 3.25%+0.36
n-6/n-3" 4.83+0.70 5.71+0.61 6.16+0.73

Q: Qazvini; QS: QxSaanen, and QSS: QS x Saanen goat.
&b Within each column and for each subclass, the means with common superscript(s)

do not differ P>0.05.

¢CLA: Conjugated linoleic acid; ND: Not detected; € SFA: Saturated fatty acids; "MUFA:
Monounsaturated fatty acids; 9 PUFA: Polyunsaturated fatty acids; " n-6/n-3: 18:2c

n6+C18:2t n6 / C18:3c n3.

2012; Katanos et al., 2005). Ishag et al. (2011) reported a
decreasing trend for milk yield with advancing year of
kidding in Saanen goats raised in Sudan. The results
showed that the milk yield increased progressively with
the parity until the 3™ lactation, which is in contrast to
the results reported by Mioc¢ et al. (2008) who stated
that the effects of parity on daily milk yield showed an
almost steady growing trend from the 15t to 4™ lactations
in Alpine and Saanen goats in Croatia.

Milk lactose values found in this study ranged from
4.70 to 4.91% (Figure 2) which was consistent with the
values reported by Tsiplakou et al. (2010) for local goats

in Greece, lower than that of reported by Prasad et al.
(2005) for local and crossbred goats in India and higher
than that of reported by Delgado-Pertinez et al. (2013)
for Payoya goats in Spain. According to the results of this
study, Curro et al. (2019) reported that indigenous goats
had produced less milk but with more lactose content
than Saanen goats. In that study, they evaluated the ef-
fects of breed on milk composition of five indigenous
ltalian (Garganica, Girgentana, Jonica, Maltese, and
Mediterranean Red) and Saanen goats. Their results in-
dicated that, with the exception of Garganica, the milk
lactose concentration of other breeds was higher than
75
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that of in Saanen milk and lactose percentage was high-
est at the beginning of the lactation. Lactose content
was similar among Girgentana, Jonica, Maltese and
Mediterranean Red (4.51£0.04%), while Garganica and
Saanen (4.26+0.03%) presented a lower content.

Results of milk protein analyses (Figure 2) are within
the range reported by other researchers (D'Urso et al.,
2008; Strzalkowska et al., 2009). As indicated in Figure
2, the protein concentration of the milk produced by Q
goats was higher than that of crossbred goats over the
lactation period, except for seventh month of lactation.
The observed decreasing trend in milk protein of Q
goats is consistent with the findings of Chowdhury et al.
(2002) for German Fawn goats, but not with Currd et al.
(2019) who observed that the protein content of milk
was highest at the end of the lactation period. In an-
other study, Margatho et al. (2018) found that the milk
protein produced by Serrana goats decreased until six
months of lactation and then increased through the lac-
tation period.

The effect of crossbreeding on milk fat concentration
was within the range of values reported by other re-
searchers (Suranindyah et al., 2018; Mioc¢ et al., 2008
and Jaafar et al., 2018). Wanjekeche et al. (2016) re-
ported that the milk fat was 5.06-6.82% for Kenya Alpine
and 3.52-6.44% for Toggenburg goats in Kenya. Milk fat
showed a declining trend from month 1to 2 for all gen-
otypic groups, and then increased until the end of lac-
tation. This increase in milk fat concentration may be
due to a decreased milk production. Bouattour et al.
(2008) reported that de novo lipogenesis is usually more
active after the peak of lactation. At peak of lactation,
most of the dietary fatty acids and fatty acids obtained
through the mobilization of adipose tissues is used for
providing production energy needs. After the peak, a
part of dietary fatty acids would probably be partitioned
to conservation in the adipose tissue and another part
of ruminal fat precursors used for milk fat synthesis.

On the other hand, Fernandez at al. (2008) demon-
strated that in general, fat content was higher at the be-
ginning and the end of lactation. It has indeed been ob-
served that goats with lower milk production had a
higher fat percentage. The negative correlation be-
tween milk yield and fat percentage is known as the di-
lution effect (Landau et al., 1993). It seems to be a reason
for the increased milk fat after the second month of lac-
tation in all genotypic groups of the current study.

The effect of genotypes on milk fatty acid profile is
almost consistent with the findings of Yurchenko et al.
(2018), who reported significant differences between
Saanen and Swedish Landrace goats in Estonia. The
concentration of SFA (67.42 to 75.95% of total fatty acids)

76

were higher than those of 53% to 59% reported by Sedi-
ghi-Vesagh et al. (2015) and close to the results of 77%
found by Strzatkowska et al. (2009). There are some
shreds of evidence that the concentration of MUFA in
the total fatty acids of goat milk fat could range from
19% (D'Urso et al., 2008) to 32% (Talpur et al., 2009). The
results of the present study were almost the same
(18.43-20.16%). Polyunsaturated fatty acids have favora-
ble effects on the health of consumers and consist of
around 2.82-5% of total milk fatty acids in goats (Rodri-
guez-Alcala et al., 2009; Strzatkowska et al., 2009), as
also found in the present study. The crossing of Qazvini
goats with Saanen increased the SFA contents in the
milk fat for QSS and also PUFA for QS. In other words,
crossing at the level of 50% of Saanen genes improved
milk fatty acids, and, at the level of 75%, had the oppo-
site effect.

Conjugated linoleic acid (CLA) is one of the most val-
uable fatty acids among the PUFA. Both the acid itself
and its isomers (principally (C18:2,9¢ 77t and
(18:2,70t,72¢) are characterized by an exceptionally high
biological activity (Park et al., 2007). The ruminant milk
fat is the principal source of CLA in the human diet and
covers about 75% of the daily requirement of the human
organs for this compound (Park and Pariza, 2007). The
CLA content of milk fat is affected principally by the
PUFA concentration in the ruminant diets. In the study
presented here, the goat milk fat CLA content varied be-
tween 0.79% to 0.92% of total fatty acids, close to the
values reported in other studies (Civico et al., 2017,
Tudisco et al., 2010). However, in this study, CLA con-
tents were not different between the genotypes.

The ratio of n-6/n-3 fatty acids in most people (west-
ern diets) is 15:1-16.7:1 (Simopoulos, 2008). According to
Simopoulos (2008), an optimal n-6/n-3 fatty acids ratio
is specific to different diseases (for example, a ratio of
2.5:1 for colorectal cancer and 5:1 for patients with
asthma). The recommended ratio of the n-6/n-3 fatty
acids by the World Health Organization and Food and
Agriculture Organization expert committee is below 4:1
(Zervas and Tsiplakou, 2011; Simopoulos, 2008). In this
study, the ratio of n-6/n-3 fatty acids ranged from 4.83
to 6.16 for the genotypic groups comparable to the val-
ues reported by Delgado-Perti"nez et al., (2013), and
was not different among the genotypic groups.

Conclusions

Crossbreeding between Qazvini goatand Saanen breed-
simproved the milk production performance and some
fatty acids in the milk fat. The crossbred goats with 50%
and 75% Saanen genes produced approxi mately 66%
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and 92% more milk than Qazvini goats, but with a lower
milk composition compared to indigenous goats. If the
price of milk produced is determined by its quality, the
gross income from the sale of milk in the group with 75%
of Saanen genes will be about 18% higher compared to
Qazvini goats.
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