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Summary

In this study, change in milk components, milk fatty acid composition, conjugated linoleic
acid (CLA) content and lactation traits was investigated in Morkaraman (n=32) and Awassi
(n=31) sheep.Each breed was divided into 2 groups. The first group was designated as the
control group in indoor feeding. The second group was the experimental group (pasture
group) and sent to the pasture at the beginning of June.The highest milk fat, non-fat solid and
lactose percentages were found in pasture group at 7.83±0.18%, 9.55±0.06% and
5.51±0.03%, respectively; the highest protein percentage was found in control group at
3.14±0.02%. While the highest fat percentage was found in Awassi sheep, the highest value
of the solids non-fat, protein, lactose and ash was found in Morkaraman sheep. In addition,
significant differences were found between breeds in terms of caproic acid (C6:0) (p<0.05),
linoleic acid (C16:0) (p<0.05) and total poly-unsaturated fatty acids (PUFA) (p<0.001).
Furhermore, significant differences were observed between treatment groups and in terms of
caprylic acid (C8:0) (p<0.01), capric acid (C10:0) (p<0.001), lauric acid (C12:0) (p<0.01),
heptadoconoic acid (C17:0) (p<0.001), stearic acid (C18:0) (p<0.01) and linoleic acid
(C18:3n3) (p<0.05). Conjugated linoleic acid (C18:c9t11) per 100 g milk was found as
0.56±0.02% and 0.75±0.02% for pasture and control group; 0.69±0.02% and 0.61±0.02% for
Morkaraman and Awassi sheeps.Also; the rate of atherogenic index per 100 g milk were
respectively 2.34±0.10% and 2.05±0.10% for pasture and control group; 1.99±0.11% and
2.35±0.09% for Morkaraman and Awassi sheeps.Milk fatty acid composition was
significantly affected by lactation period. In this study, we determined the CLA levels in
sheep milk, which was found to be low in general. In future studies, it is recommended to
investigate methods for increasing CLA in sheep milk.
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Introduction

Sheep breeding is important in terms of economy and human health (Kaymakciet al.
2009). In 2016, a total of 15,511,251 sheep was milked and an average of 59.9 kg milk was
produced per sheep in Turkey (FAOSTAT 2018).

Conjugated linoleicacid (CLA) drew more attention after its protective effects against
cancer as well as body fat-reducing effects have been found out. Studies in many animal
species showed that CLA decreases skin, gastric, colon, breast and liver cancers
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(Bhattacharya et al. 2006; Kelley et al. 2007; Lee et al. 2005). Moreover, it has been
determined that CLA prevents arteriosclerosis in rabbits and hamsters (Nicolosiet al., 1997;
Lee et al., 1998; Kritchevskyet al., 2004).

Fatty acid composition of plants and fat content of the milk varies depending on the
season(Tsiplokouet. al., 2006). According to the researchers,the fact that the animals grazing
on high altitude meadows are rich in CLA is the result of grazing pastures (Jiang et al.,
1998).

Sheep breeding lose importance day by day in Turkey, because farmers are close their
livestocks up. Therefore, it is believed that the perception that the presence of CLA having
important functional effects on human health in the milk and meat of Morkaraman and
Awassi sheep create in the eye of consumer will have a positive impact on sheep breeding.
As a result, CLA has a substantial potential to improve the quality of human life. Beside the
nourishing component , it is important as a functional food component and it is a gleam of
hope to prevent costly diseases that are very difficult to treat (Atti et al., 2006).

Investigating CLA content of milk derived from different breeds, determination of
useful isomers and their required concentrations for human health, increasing CLA levels in
animal derived food and investigating the effects on human metabolism will improve its
potential for humans (Lee et al. 2005; Bhattacharya et al. 2006; Kelley et al. 2007)

The aim of this study was to investigate the effects of racial and mariculture breeding
on Morkaraman and Awassi sheep on fatty acid composition and CLA content in milk.

Material and methods

This study was carried out at Ataturk University Faculty of Agriculture Research and
Application Farm between 39.91º northern latitudes and 41.22º east longitudes. This study
was conducted with 32 Morkaraman sheep and 31 Awassi sheep between 2nd and 6th months
of lactation. The lambing period was completed during April. Each race is divided into two
groups in the study The first group was designated as the control group and was housed inside
during the study period. The second group was the experimental group (pasture group) and
sent to the pasture at the beginning of June. During this period, animals were given ad libitum
dried meadow grass and 1 kg sheep milk. The same treatment was continued for the control
group while the pasture group was grazed in pasture. Concentrate feed was given two times
daily with 12 hours interval. The experimental group was grazed at the pasture between
07:00-19:00 and in addition, additional concentrate feed was given at an amount of 0.2
kg/animal during milking.

In order to determine the milk composition and fatty acid composition, milk samples
were taken from 01 May 2016 with 15-day intervals. Milk samples were put in 50 ml plastic
tubes and kept at +4ºC and sent to Ataturk University, Faculty of Agriculture Milk Analysis
Laboratory for analysis.Milk component analysis was performed with Lactoscan MCC
device. Fatty acid compositions in milk samples were determined according to the method of
Tsiplakouet al. (2006).

The GLM procedure of the SPSS (2011) 20.0.0 package was used for the analysis of
variance of the milk components and fatty acid composition data obtained in the study. The
data on the milk components and fatty acid compositions were analysed by factorial design
2x2 that included the effect of breed and treatment. Variance analysis of repeated
measurement was used for characteristics of milk components.Differences between groups
were determined by the Duncan Multiple Comparison test.



Results and discussion

Table 1 shows the average of the smallest squares of milk components. Highest values
for fat, lactose and ash were determined in September, but highest values for protein level
was determined in May. It was thought that the determination the protein is generally high at
the beginning of the lactation and the other milk components are high at the end of the
lactation may be due to the negative correlation between protein and other milk components.
According to the results obtained in the study, as the lactation progresses, the fat ratio in the
milk increases. It is thought that this situation may be due to the close relation with the
decrease in average daily milk yield. These results are similar to the results obtained by
Pavicet al. (2002), Celik&Ozdemir (2003), Cabiddu et al. (2005), Mihaylova et al. (2005),
and Yılmaz et al. (2011). Sahan et al. (2005) and Tsiplakou et al. (2006), however,
determined a fluctuant variation in the fat content of milk during the lactation period rather
than a proportional increase.

The highest fat, SNF and lactose percentage were found in the pasture group, while the
highest protein content was found in the control group. While the results of the effects of
breeding in herd versus pasture on the milk composition were found as similar with Hervas et
al. (2009), they differed from the the results reported by Attiet al. (2006) and Renobaleset al.
(2012).

Although the highest fat content was found in the Ivesi (7.65 ± 0.16%), the other milk
components in the Morkaraman race were found to be higher.It was found out that the fat
percentage in the milk of the Morkaraman was higher than the percentages 5.30 found by
Çelik and Özdemir (2003) and 6.31% found by Yılmaz et al (2011). Furhermore, the same
values were higher for the Awassi compared with the fat ratio results of 6.24% by
Macit&Aksoy (1996), 5.64% by Al-Jundi (2010) while lower compared with the value of
9.40% determined by Gursu &Aygun (2014).

Table 1.Least square means of milk composition for the experimental breeds, month, treatment
and age.

N Fat SNF1 Protein Lactose Ash
Freezing
Point

Mean 7.06±.17 9.49±.04 3.13±.01 5.44±.02 0.91±.00 -0.707±.00
Month *** *** *** *** *** ***
May 58 4.87±.23c 9.66±.08ab 3.30±.02a 5.42±.04b 0.92±.00a -0.692±.00a

June 48 7.68±.26b 9.08±.08c 2.94±.03c 5.25±.05b 0.88±.00b -0.689±.00a

July 35 7.91±.34b 9.52±.11b 3.09±.04b 5.50±.07b 0.92±.01a -0.727±.01ab

August 30 7.95±.34b 9.76±.11a 3.18±.04b 5.63±.06a 0.94±.01a -0.745±.01b

September 25 9.26±.40a 9.74±.13ab 3.10±.05b 5.69±.08a 0.95±.01a -0.734±.01b

Treatment * ns ns ns ns ns
Control 92 7.09±.22 9.53±.07 3.14±.02 5.47±.04 0.92±.00 -0.713±.00
Pasture 104 7.83±.18 9.55±.06 3.11±.02 5.51±.03 0.92±.00 -0.719±.00
Breed ns * * * * ns
Morkaraman 73 7.29±.24 9.69±.08 3.18±.02 5.56±.04 0.93±.00 -0.722±.00
Awassi 123 7.65±.16 9.41±.05 3.06±.02 5.43±.03 0.91±.00 -0.711±.00
Age ns ns ns ns ns ns
≤4 95 7.49±.20 9.57±.06 3.13±.02 5.51±.04 0.92±.00 -0.722±.00
≥5 101 7.47±.20 9.51±.06 3.11±.02 5.48±.04 0.91±.00 -0.711±.00



1 SNF = solids non-fat.
Means with different superscript in each column (a, b, c) differ significantly.

The fatty acid composition of the milk according to the treatment groups and the breeds
is shown in Table 2.Among the races, it was found that, there were significant differences in
terms of caproic acid (C6:0) (p<0.05), palmitic acid (C16:0) (p<0.05) and linoleic acid as
well as poly-unsaturated fatty acids (p<0.001). AsTsiplakouet al. (2008) identified no
significant difference in terms of fatty acid between the races in a study of four different
races that are Awassi, Lacaune, Friesland and Chios; in a study of two different breeds,
Signorelli et al. (2008) and Mierlitaet al. (2011) obtained similar results for caproic acid
(C6:0) and palmitic acid (C16:0), and different results for linoleic acid (C18:2n6c) in
comparison to this study, but, Rozbicka-Wieczoreket al. (2015) obtained different results for
all fatty acids in a study of two different breeds.

There was a significant differenceonly in terms of caprilic acid (C8:0), capric acid
(C10:0), lauric acid (C12:0), heptadoconoic acid (C17:0), stearic acid (C18:0) and linolenic
acid (C18:3n3) among the treatment groups. In a study comparing the control and pasture
groups, Atti et al. (2006) found significant differences between groups as in this study for
stearic acid and linolenic acid. Valvoet al. (2007) obtained similar results compared to this
study for lauric acid (C12:0) and linolenic acid (C18:3n3), but different results for other fatty
acids in control and pasture groups. In a similar study, Tsiplakouet al. (2008) found
differences in terms of all fatty acids identified between the controls and pasture groups.

CLA level was higher in pasture group compared to the control group but the difference
was not significant. The study results are consistent with the results reported by Guleret al.
(2010) and Rozbicka-Wieczoreket al. (2015).

The proportion of total saturated fatty acids in the control and pasture groups were
respectively 66.85 ± 0.82 - 64.99 ± 0.78 g/100 g fat and 64.59 ± 0.88 - 66.89 ± 0.73 g/100 g
fat for Morkaraman and Awassi breeds. The total saturated fatty acid content in sheep milk is
consistent with 63.66 - 70,11 g / 100 g fat as reported by Mierlita (2015) and 61.00 – 75.83
g/100 g fat as reported by Hervaset al. (2009); and lower than 67.18-74.28 g/100 g fat as
reported by Biondi et al. (2008).

Table 2.The fatty acid profile of sheep milk fat (g/100 g of total fatty acids).

Fatty Acid
Treatment Breed Effect

Control Pasture  Morkaraman Awassi  Treatment Breed
C4:0 3.48±.23 3.30±.22 3.50±.25 3.29±.21 ns ns

C6:0 1.44±.13 1.33±.12 1.65±.14 1.17±.11 ns **

C8:0 2.91±.11 2.52±.11 2.76±.12 2.66±.10 ** ns

C10:0 8.55±.31 6.52±.29 7.51±.33 7.45±.28 *** ns

C12:0 3.45±.14 2.87±.14 3.15±.15 3.14±.13 ** ns

C14:0 11.14±.43 9.88±.41 10.12±.46 10.7±.38 ns ns

C14:1 0.94±.11 1.05±.10 0.86±.11 1.10±.09 ns ns

C15:0 0.46±.06 0.67±.05 0.59±.06 0.56±.05 ns ns

C16:0 25.37±.71 24.48±.67 23.38±.76 26.12±.63 ns *

C16:1 0.99±.05 1.01±.04 1.03±.05 0.97±.04 ns ns

C17:0 0.66±.05 0.92±.05 0.86±.06 0.76±.05 *** ns

C17:1 0.56±.05 0.56±.05 0.59±.06 0.53±.05 ns ns



C18:0 9.27±.61 12.34±.58 11.10±.66 10.62±.54 ** ns

C18:1n9t 0.81±.12 1.09±.11 0.90±.13 1.00±.11 ns ns

C18:1n9c 26.36±.71 26.86±.67 27.54±.76 25.89±.63 ns ns

C18:2n6t 0.60±.00 0.53±.01 0.67±.01 0.48±.09 ns ns

C18:2n6c 1.81±.07 2.03±.07 2.24±.08 1.67±.07 ns ***

C20:0 0.35±.00 0.38±.00 0.38±.06 0.35±.04 ns ns

C18:3n6 0.17±.00 0.29±.00 0.24±.00 0.23±.00 ns ns

C18:3n3 0.46±.00 0.82±.00 0.77±.00 0.56±.00 * ns

+CLA 0.56±.02 0.75±.02 0.69±.02 0.61±.02 ns ns

C20:5n3 EPA 0.04±.00 0.12±.00 0.08±.00 0.09±.00 ns ns

C22:6n3 DHA 0.19±.00 0.20±.02 0.18±.00 0.20±.00 ns ns

SFA1 66.85±.82 64.99±.78 64.59±.88 66.89±.73 ns ns

PUFA2 3.68±.22 4.45±.21 4.67±.24 3.62±.19 ns **

MUFA3 29.50±.78 30.48±.73 30.68±.83 29.49±.69 ns ns

SFA/PUFA+MUFA 2.13±.07 1.97±.07 1.90±.08 2.16±.06 ns ns

PUFA+MUFA 33.19±.82 34.94±.77 35.36±.88 33.11±.73 ns ns

Atherogenic index 2.34±.10 2.05±.10 1.99±.11 2.35±.09 ns ns
Aterojenik index: [C12:0+(4*C14:0)+C16:0]/(ω−3PUFA + ω−6PUFA + MUFA)
+CLA: cis-9, trans-11.
1 SFA: saturated fatty acids = C14:0+C15:0+C16:0+C18:0+C20:0+C22:0+C23:0+C24:0.
2 PUFA: polyunsaturated fatty acids =
C18:2n6c+C18:2n6t+C18:3n6+C18:3n3+CLA+C20:2+C20:3n6+C20:4+C20:5.
3 MUFA: monounsaturated fatty acids = C14:1+C15:1+C16:1+C17:1+C18:1.

Poly-unsaturated fatty acids (PUFA), which are very important for nutrition, are oleic,
palmitoleic, linoleic and linolenic acids. Statistically significant differences were found
between breeds (p<0.01). Poly-unsaturated fatty acid contents were higher in the milk of
Morkaraman ewes compared to the milk obtained from Awassi ewes. Rozbicka-Wieczorek et
al (2015) has determined that PUFA content was higher in non-dairy sheep breeds.

Milk with high SFA concentrations has a low atherogenic index. Therefore, a lower
atherogenic index of milk and dairy products, lowered the risk of cardiovascular disease.
Consumption of milk and dairy products with a lower atherogenic index has benefits for
decreasing both total cholesterol and LDL cholesterol (Poppittet al 2002). However,the
atherogenic index was lower in the pasture group, the difference was not statistical
significance.The results of the study are similar with the results by Mierlitaet al.(2011) and
by Sojak et al.(2013).

Conclusion

It is known that the season of milking, type of the feed, microbiological population of
the rumen, number of lactations, and the lactation period are all effective factors on fatty
acid composition and amount in sheep milk. In this study, we determined CLA levels in
sheep milk, which was found to be generally low. In future studies, it is recommended to
investigate methods for increasing the proportion of the CLA in sheep milk. Studies for
increasing the proportion of CLA in the milk and dairy products should be performed under
more controlled conditions, particularly in artificial pastures to be established. Thanks to the
result of these studies, agricultural products with high CLA ratio with functional properties



will be beneficial for our economy.
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