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Abstract

This study was performed with the participation of 26.22±1.07 kg average weight-
ed 36 singleton lambs. 6 Groups were formed; 3 with IYM (7 g/day) and 3 without 
IYM. Lambs were kept in individual divisions and given 150 g/day roughage (alfa 
alfa hay (AH), meadow hay (MH), wheat straw (WS), concentrated feed and water 
ad libitum. Treatment lasted 70 days in total; temperature and humidity were 
recorded daily. Fattening performance, carcass parameters and ruminal pH levels 
were not affected by the treatment (P>0.05). Additive increased the weight of the 
hearts which were fed with AH (P<0.05). Effects of roughage and additive inter-
actions on the acetic, propionic and volatile fatty acids was found as significant 
(P<0.01). IYM, increased the rates of acetic acid/propionic acid feeding with AH 
and MH (P<0.05). Ammonia concentration and digestibility of crude cellulose and 
hemicellulose was affected by the type of roughage (P<0.05). Digestibility of acid 
detergent fibre (P<0.01) and cellulose (P<0.001) was increased with additives. 
There is no difference among the groups in terms of water consumption (P>0.05). 
It’s concluded that, temperature and humidity is an efficient environmental fac-
tor on the fattening performance and IYM have positive effects on some cell-wall 
components digestibility and rumen parameters.

Introduction

Roughage is a stimulant factor in all processes of 
the digestion system of developing ruminant from the 
development of microflora to obtaining efficiency. How-
ever, as this stimulant is not sufficient it is emphasized 
that age and genus of the animal and usage of expedi-
ent feed additives together can create important effects. 
IYM are distinct among feed additives for their natural 
and biotechnological feature. Inactive yeast are probi-
otic metabolites as a good vitamin and mineral source 
produced mostly as high biologic value proteins after the 
fermentation of probiotic live yeast cells in an anaerobe 
culture medium with carbohydrate (Inge et al. 2009, Eze-

ma 2013, Anonymous 2014a,b). By means of improving 
the adaptation ability of farm animals to poor conditions 
and increasing their resistance against diseases and 
their genetic potentials they serve as potential alterna-
tives for antibiotics. (Abd-El Ghani 2004, Moharrery and 
Asadi 2009). In recent years it has drawn attention for 
its decreasing effects on metabolic disease risks (Vyas et 
al. 2014).

It is reported that by using IYM in ruminant rations 
more benefit can be provided than roughage especially 
of low-quality (Tripathi and Karim 2011, Zain et al. 2011). 
It is emphasized those effects result from the modifi-
cation of rumen fermentation and thus they depend 
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on the composition of ration used (Kocaoglu and Kara 
2010, Anonymous 2014a, b). Therefore, enhancement 
is achieved in the rate of animal’s utilization from feed 
(Karademir and Karademir 2003, Turkmen et al. 2011) 
and it is observed that digestibility of some nutrients are 
increased (Haddad and Goussous 2005, Ghoneem and 
Mahmoud 2014). Effects of IYM on rumen parameters 
were associated with the quality of roughage aside from 
ration composition primarily (Opsi et al. 2012, Jurkovich 
et al. 2014). Also, its effects are expected on preserv-
ing the pH level of rumen by consuming the oxygen pro-
duced by aerobic pathogen (Ghoneem and Mahmoud 
2014) and transforming ammonia nitrogen into micro-
bial protein by increasing the density of bacteria in ru-
men (Patra 2012).

On the other hand, it is emphasized that ambient 
temperature and humidity is an important environmen-
tal factor where ruminants can easily maintain their 
body temperature during growing and development pe-
riods (Niyas et al. 2015) and the effects of ration compo-
sition against variable environment factors are a ques-
tion of interest.

Through this study it is aimed to determine the ef-
fects of supplementation of inactivated yeast metabo-
lites (IYM) (Saccharomyces cerevisiae) to rations contain-
ing alfalfa hay (AH) meadow hay (MH) and wheat straw 
(WS) for Anatolian Merino Sheep in terms of fattening 
performance, digestibility of nutrients, some rumen pa-
rameters and carcass yield. 

Materials and Methods

This study was carried out with the decision of the 
local ethics committee of animal experiments in ankara 
university with the code 2014-22-151.

Trial Plan and Feeds 

Animal materials; comprised of 26.22±1.07 kg aver-
age live weight and weaned at age of 2,5 months 36 sin-
gleton male Anatolia Merino lambs. In the study which 
was performed between September and November (out 
of weaning season) lambs were weighed at the begin-
ning of trial and grouped according to their live weights 
homogeneously and randomly. For each roughage used 
in rations 6 trial groups were formed; 3 with IYM and 
3 without IYM. During the study performed on factorial 
experiment design basis (3 roughages x 2 levels) lambs 
were fed in individual partitions for 70 days; 10 days be-
ing the adaptation period to the feed and the following 
60 days for main fattening period. Lambs were given 150 
gr 3-5 cm size chopped roughage (by considering the 
feeding of dry matter equal to roughage) (NRC 2007) 
and IYM was added to the roughage for 7 g/day of the 
groups taking additive feed (Anonymous 2015). After 

the mixture of yeast metabolite and roughage was con-
sumed by the animals, concentrate feed and clean water 
were provided ad-libitum. Lamb fattening feed (LFF) was 
supplied from a feed factory. Inactive Yeast Culture was 
used as inactivated yeast metabolite (IYM) (Anonymous 
2015). 

A.O.A.C. 1984 was used as the method of deter-
mining the values of dry matter (DM) crude protein 
(CP), crude cellulose (CC), ether extract (EE) and crude 
ash (CA); Van Soest, 1994 procedure was followed for 
determining the amounts neutral detergent fibre (NDF), 
acid detergent fibre (ADF) and acid detergent lignin 
(ADL); and for IYM Anonymous 2015 values were used. 
Metabolic energy (ME) (Anonymous 2016), organic 
matter (OM=DM-CA), non-nitrogen extract (NNE=DM-
(CP+CA+EE+CC)), hemicellulose (HCL=NDF-ADF), cel-
lulose (CL=ADF-ADL) and lignin (L= ADL-insoluble ash) 
values were derived from the analysis results on feed 
materials through calculation (Table 1).

Table 1. Chemical composition of feed and inactivated yeast 
metabolites used in the study

AH MH WS LFF IYM
ME,Mcal/kgDM 1.38 1.76 1.37 2.73 -
DM, % 93.25 93.35 92.90 90.44 -
OM, % 85.09 81.39 83.5 82.22 -
CP, % 11.55 9.16 4.20 17.41 15.0
CC, % 38.98 27.56 37.37 9.73 -
EE, % 0.99 1.60 1.09 2.85 3.0
CA, % 8.16 11.96 9.40 8.22 6.0
NNE, % 33.57 43.07 40.84 52.23 -
NDF, % 62.73 60.70 75.02 41.43 -
ADF, % 34.00 44.52 53.69 12.61 -
ADL, % 9.76 10.04 12.36 6.38 -
HCL, % 28.74 16.17 21.33 28.82 -
CL, % 24.24 34.48 41.33 6.23 8.0

L, % 8.46 7.78 10.09 5.14 -

Temperature and Humidity

During the trial outdoor and in-barn temperatures 
(°C) and percentage of in-barn humidity (%) were mea-
sured every day at exact times (07:00, 14:00 and 21:00), 
thus the maximum and minimum temperatures were 
determined together with the in-barn humidity values. 
In consideration of those values and differences of max-
imum-minimum temperatures and humidity; daily aver-
age temperature and humidity values were calculated. 
Daily average temperatures were calculated based on 
the formula of Dağsöz and Bayraktar 1999 and humidity 
values were derived from the average of three measure-
ments.
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Daily average temperature (°C) = (t7 + t14 + 2 x t21) 
/4 t (hour): temperature measured at 7, 14 and 21

Parameters of Fattening Performance 

Live weight (LW) values were measured on individ-
ual basis at the beginning of the feeding period and were 
continued to be recorded every two weeks until the end 
of the trial. Animals were weighted before feeding in the 
mornings at the same time (08:00). 12 hours before the 
weighing lambs were left hungry. Live weight gain (LWG) 
were measured daily and separately in all trial periods 
during the study. Individual feed consumption of lambs 
was calculated daily by taking the difference between 
the weight of morning feed and the amount left after 
feeding. Daily live weight gain was calculated by using 
these recorded data. Based on the data collected from 
this procedure, feed convertion ratio (FCR) was calcu-
lated. 

Digestibility Parameters and Water Consumption 

Manure collecting method was used for the deter-
mination of in vivo digestibility for DM, OM, CP, CC, EE, 
CA, NNE, NDF, ADF, HCL and CL rations (Akyildiz 1984). 
For this purpose, during the last 10 days of fattening ev-
ery morning before feeding lamb’s stool collected from 
the zippered manure bags which were attached to them. 
10% of collected stool was weighted wet and the re-
maining part was weighted after drying in drier chamber 
at 60°C for 72 hours and then grinded as to pass a 2 mm 
sifter. Samples were taken for ten days from each lamb 
and 360 samples were obtained in total. After those 10-
day samples were combined for each lamb 36 samples 
were analysed.  All the manure samples ready for analy-
sis were studied with (A.O.A.C. 1984) method for DM, CP, 
CC, EE and CA analysis and (Van Soest 1994) for NDF, ADF 
and ADL analysis. Based on the results of these analysis 
OM (OM=DM-CA), NNE (NNE=DM-(CP+CA+EE+CC)), HCL 
(HCL=NDF-ADF) and CL (CL=ADF-ADL) values in manure 
were calculated. Finally based on the results of analysis 
such as consumed feed ration and nutrient analysis in 
manure, in vivo nutrients digestibility (%) of rations were 
found. Also, during last 6 day of the collecting manure 
period individual daily water consumptions of lambs 
were determined. 

Rumen Parameters

Following the process of collecting the residual feed 
and manure at the last day of fattening, last live weight-
ing was measured and rumen liquid was extracted by ru-
men catheter from all lambs. During this period mangers 
were left empty and animals were allowed to drink wa-
ter. Measurements of pH in rumen liquid was performed 
by automatic pH meter (ADWA AD12) and rumen liquid 
was collected in 3 different sample bottles which were 

taken from each animal. Those sample bottles were kept 
in dry ice cabinet at -20°C until analyses. 

Gas chromatography was used for the determina-
tion of volatile fatty acids (acetic acid, propionic acid, 
butyric acid, iso butyric acid, valeric acid, isovaleric acid) 
(Playne 1985, Zdunczyk et al. 2013). Samples were first 
melt at 4°C and then centrifuged at 4000 rpm for 15 min-
utes. After that, 1 ml of supernatant was taken into 1.5 
ml volume capped tube and then 0.2 ml %25 metaphos-
phoric acid solution was added. Tubes were kept on ice 
for 30 minutes in order to provide protein precipitation 
and then centrifuged at 11000 rpm at +4°C again. Car-
rier gas was Helium (He) and column temperature was 
programmed to increase from 120°C up to 160°C gradu-
ally during the analysis. Before the analysis, standards 
were prepared with Volatile Free Acid Mix. 46975-U (10 
mmol / L) and 1 microlitre rumen liquid taken by means 
of 10 microlitre injector were injected into gas chroma-
tography device (Shimadzu GC-2010). Temperature of 
injection block was set to 230°C, FID (Flame ionization 
detector) temperature of detector was set to 250°C, dry 
air and hydrogen gas pressure was set to 0.5 kg/cm3 and 
analysis was performed by using capillary column.

For ammonia (NH3) analysis, samples were thawed 
at 4°C then centrifuged at 14000 rpm at 4° for 15 min-
utes. After centrifugal process concentration of NH3-N 
was marked with indophenol blue method by using UV/
Visible spectrophotometer device (Chaney and Marbaeh 
1962). In this method ammonia and phenol sodium 
were oxidised with sodium nitroprusside and a blue co-
lour complex was created. The intensity of blue colour 
is directly proportional to the concentration of NH3-N in 
the sample.

Carcass Parameters

At the end fattening period, all lambs were slaugh-
tered and weighed for their slaughter weights (kg), after 
the extraction of internal organs they were weighed for 
hot carcass weights (kg) and then the hot carcasses were 
kept at +4°C for 24 hours in order to note the cold car-
cass weight (kg) values. Extracted organs were weighed 
and marked separately in grams. Based on values of 
slaughter and hot and cold carcass weights hot and cold 
carcass efficiency (%) values were calculated using the 
below formula (Rentfrow 2010). 

Hot carcass efficiency (%): (Hot carcass weight /
Slaughter weight)x100

Cold carcass efficiency (%): (Cold carcass weight /
Slaughter weight)x100
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Statistical Analysis

Data were analysed using Variant Analysis Tech-
nique based on factorial design random testing.  (Duz-
gunes et al. 1987). Different groups were determined by 
using Duncan Multiple Comparison Test (Duncan 1955). 
Variants analysis and Duncan Tests SPSS 15 were carried 
out by running statistical package programmes (Anony-
mous 2006).

Results

Temperature and Humidity

Outdoor and indoor temperature and humid-
ity values during different fattening periods of closed 
type sheep barn where fattening was carried out and 
throughout the fattening periods were given in Table 
2. As shown in the table from the early period of fat-
tening minimum and maximum temperatures of inside 

and accordingly outside of sheep barn were quite low in 
period transitions (P<0.001), barn interior temperature 
difference between day and night was minimum in the 
early period and reached maximum in the late period 
(P<0.05). Also, significant variations were determined at 
maximum and minimum humidity rates of sheep barn 
during the fattening periods.

Fattening Performance

At the beginning of the research, performance pa-
rameters of lambs in 2-week periods and throughout 
fattening are given in Table 3. Live weight (LW), feed 
consumption (FC), live weight gain (LWG) and feed con-
vertion ratio (FCR) were not affected by the treatment 
(P>0.05), while feedxadditive interaction was found 
meaningful in terms of LWG (P=0.001) between groups 
in the 6th week of fattening period, lambs fed with MH 
exhibited more LWG than lambs fed with WS.

Table 2. Average values of in and out ambient temperature (°C) and humidity in during and different fattening periods (%) 

PROPERTIES PERIODS
0-2 week 2-4 week 4-6 week 6-8 week 0-8 week P

Out Ambient Temperature 
Minimum 14.5Aa 12.8Aab 11.1Bb 3.7C 10.5 *  **
Maximum 23.9A 21.8A 16.5B 9.9C 18.0 *  **
Average 20.5Aa 18.5Aa 14.4Bb 7.2C 15.2 *  **
Min.-Max. Difference 9.4a 9.0ac 5.4bd 6.2cd 7.5 *  **
In Ambient Temperature 
Minimum 21.6A 17.9B 14.3C 7.0D 15.2 *  **
Maximum 24.0Aa 21.9Aa 18.1Bb 12.3C 19.1 *  **
Average 23.2Aa 20.2Bb 16.8C 10.3D 17.6 *  **
Min.-Max. Difference 2.5a 4.0 3.8 5.3b 3.9 *  **
In Ambient Humidity 
Minimum 63.7Aa 74.3bd 75.4Bb 67.2ad 70.2 *  **
Maximum 71.3A 81.7B 80.5Ba 72.3Ab 76.5 *  **
Average 67.2Aa 77.6Bb 77.0b 69.6a 72.8 *  **
Min.-Max. Difference 7.6 7.3 5.1 5.1 6.3

* Difference among the averages shown with different lower case on the same line are significant (P < 0.05).
** Difference among the averages shown with different upper case on the same line are significant (P ≤ 0.001)

Digestibility of Nutrients and Water Consumption 

Averages of nutrient digestibility of rations (DM, 
OM, CP, CC, EE, CA, NNE, NDF, ADF, HCL and CL) are giv-
en in Table 4. Accordingly, differences between rough-
age sources in terms of digestibility of ration CC were 
found significant (P<0.05), roughage containing additive 
had no effect on the digestibility of ration CC (P>0.05). 
It is observed that ration CC was digested better by 
lambs consuming ration with MH than lambs consum-
ing ration with WS (P<0.05) and highest digestion levels 
were achieved with lambs fed with WS+IYM. Additives 

increased the digestibility of ADF in all groups consum-
ing roughage (P<0.01), while ration cellulose digestibility 
increased in the group consuming feed with additive in 
WS (P<0.001). While the differences between roughage 
sources in terms of HCL digestibility of ration were found 
significant (P<0.05), additive in roughage had no effect 
on the digestibility of HCL ration (P>0.05). Lambs fed 
with ration containing AH had higher rate of HCL digest-
ibility of ration than the group consuming MH (P<0.05). 
By the last day of fattening no difference was not not-
ed in terms of water consumption among the groups 
(P>0.05) (Table 4).
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Table 3. Averages of performance parameters of Anatolian Merino lambs

Properties
TRIAL GROUPS P VALUES

AH MH WS AH+IYM MH+IYM WS+IYM feed additive Feed x 
additive

LW, kg
Beginnig 26.150 26.016 26.033 26.685 26.175 26.300 0.923 0.712 0.840
0-2 week 30.750 30.816 31.083 32.085 30.900 31.633 0.640 0.401 0.855
2-4 week 34.850 34.183 34.966 35.500 34.200 35.183 0.715 0.717 0.691
4-6 week 38.475 38.733 38.166 38.728 37.800 39.183 0.981 0.293 0.801
6-8 week 41.550 41.866 41.316 41.785 40.475 42.450 0.935 0.094 0.400
LWG, kg
0-2 week 4.600 4.950 4.800 5.371 4.925 5.334 0.613 0.161 0.951
2-4 week 4.100 3.267 3.367 3.500 4.075 3.550 0.436 0.115 0.262
4-6 week 3.625ab 3.850ab 4.550b 3.257ab 2.575a 4.000 b 0.190 0.672 0.001*
6-8 week 3.075 3.134 3.134 2.700 3.325 3.267 0.651 0.675 0.814
0-8 week 15.400 15.200 15.850 14.828 14.900 16.150 0.923 0.984 0.151
FC, kg/day
0-2 week 1030.28 994.98 1057.23 1059.66 1011.89 1077.20 0.305 0.663 0.286
2-4 week 1482.97 1426.54 1427.13 1416.63 1454.94 1493.83 0.154 0.681 0.270
4-6 week 1897.62 1828.47 1875.02 1867.15 1881.60 1981.14 0.322 0.847 0.240
6-8 week 1939.19 1785.58 1819.90 1819.54 1844.26 1956.50 0.316 0.753 0.076
0-8 week 1587.52 1546.66 1508.90 1554.48 1521.38 1627.17 0.279 0.134 0.071
LWG, g/day 275 271 283 265 266 289 0.923 0.973 0.151
FCR (0-8 week) 5.775 5.724 5.356 5.931 5.753 5.646 0.850 0.382 0.135

* Difference between the averages shown with different lower case on the same line are significant (P≤0.001).

Table 4. Average values of nutrients digestibility of rations and water consumption of lambs  

PROPERTİES TRIAL GROUPS P VALUES

AH AH+IYM MH MH+IYM WS WS+IYM feed additive Feed x 
additive

Digestibility, %
DM 75.35 74.08 73.17 73.73 74.08 74.95 0.238 0.933 0.403
OM 77.23 75.85 75.75 75.73 75.72 75.72 0.497 0.614 0.464
CP 81.01 78.12 79.03 78.58 78.51 77.67 0.286 0.060 0.338
CC 52.23ab 48.58ab 45.92b 48.83b 52.68a 53.41a 0.017* 0.998 0.222
EE 89.64 89.70 86.89 89.23 87.31 88.17 0.308 0.305 0.643
CA 56.79 52.41 47.55 54.79 53.94 51.41 0.562 0.967 0.148
NNE 81.10 79.88 80.61 80.13 80.16 80.98 0.965 0.638 0.444
NDF 64.53 61.84 58.81 61.64 61.38 64.13 0.141 0.476 0.184
ADF 40.55a 45.34b 43.03a 48.97b 42.27a 51.17b 0.263 0.002** 0.682
CL 70.87a 78.54ab 74.07ab 79.58ab 70.81a 81.56b 0.583 0.000*** 0.449
HCL 73.75b 69.87ab 68.80a 68.19a 69.53ab 69.97ab 0.013* 0.131 0.144
Water consumption, lt
5. Day 4.3755 4.167 4.134 4.188 4.250 3.817 0.719 0.395 0.670
6. Day 4.87 4.284 4.000 4.828 4.125 4.434 0.673 0.494 0.094
7. Day 4.375 4.084 4.517 4.300 3.800 3.367 0.273 0.950 0.195
8. Day 4.000 3.550 3.834 3.614 3.725 3.700 0.146 0.692 0.133
9. Day 4.450a 4.217a 3.617b 4.386a 4.475a 3.534b 0.487 0.595 0.026**
10. Day 3.375 3.300 3.034 3.286 3.200 3.250 0.326 0.444 0.371

Difference among the averages shown with different letters on the same line are significant *(P<0.05) **(P<0.01) ***(P<0.001).
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Table 5. Average values of rumen parameters obtained from trial groups (Mmol/lt)

PROPERTİES TRIAL GROUPS P VALUES

AH AH+IYM MH MH+IYM WS WS+IYM feed additive Feed x 
additive

Acetic acid 27.41a 28.73ab 33.04ac 28.10b 26.96a 33.90c 0.320 0.457 0.008**
Propionic acid 13.17ab 9.96a 15.05b 9.93a 11.51ab 15.15b 0.353 0.108 0.002**
Butyric acid 8.10 9.43 10.23 9.86 7.70 9.40 0.333 0.343 0.598
İsobutyric acid 1.11 1.22 1.19 1.18 1.15 1.23 0.954 0.385 0.699
Valeric acid 1.38 1.41 1.47 1.43 1.34 1.77 0.573 0.249 0.256
İsovaleric acid 1.23 1.33 1.33 1.27 1.25 1.39 0.961 0.499 0.672
TVFA 52.41a 52.09a 62.31b 51.78a 49.91a 62.84b 0.331 0.804 0.006**
A/P 2.11a 2.92b 2.26a 2.93b 2.37a 2.31a 0.515 0.015* 0.145
Ammonia 1.78a 3.45a 4.09b 4.11b 2.87a 2.36a 0.030* 0.455 0.242
pH 7.12 7.17 6.98 7.08 7.05 6.97 0.607 0.861 0.793

Differences among the averages shown with different letters on the same line are significant. *(P<0.05), **(P<0.01).

Rumen Parameters

Feed x additive interaction was found significant 
among the groups in terms of acetic acid and propionic 
acid (P<0.01). Additive agent decreased the rumen ace-
tic and propionic acid molar concentration in the group 
consuming MH, whereas it increased the acetic acid mo-
lar concentration in the group consuming WS (P<0.05) 
(Table 5). Effects of roughage type and additive agent on 
the concentrations of butyric acid, isobutyric acid, vale-
ric acid and isovaleric acid were found similar (P>0.05). 
Feed x additive interaction between groups was found 
significant in terms of Total Volatile Fatty Acid (TVFA) 
(P<0.01).  While the IYM did not affect the amount of ru-
men TVFA in the groups consuming AH (P>0.05) it caused 
decrease in the groups consuming MH (P<0.01) and 
caused increase in the groups consuming WS (P<0.01). 

For lambs fed with rations containing MH and WS+IYM, 
rumen TVFA molar concentration was found similar and 
significantly higher than the other groups (P<0.01). Ad-
ditive agent in AH and MH increased the rate of rumen 
acetic acid/propionic acid (A/P) (P<0.05). In the group of 
lambs feeding with MH ratio of rumen to ammonia was 
higher than the other groups (P<0.05) but no difference 
was seen among groups in terms of ruminal pH values 
(P>0.05).

Carcass Parameters and Internal Organ Weights

Carcass parameters (hot and cold carcass weights, 
their yields and slaughter weights) and weights of some 
internal organs (spleen, liver and lung) were not affected 
from roughage or roughage containing IYM (P>0.05), but 
weight of heart was increased with additive agent in AH 
(P<0.05) (Table 6).

Table 6. Averages of carcass parameters and weights of some internal organs according to the trial on groups. 

TRIAL GROUPS P VALUES

Properties AY AY+IYM MH MH+IYM WS WS+IYM feed additive Feed x 
additive

Slaughter and carcass parameters*
HCW, kg 18.35 18.80 18.53 18.91 18.40 19.37 0.902 0.267 0.888
CCW, kg 18.05 18.44 18.20 18.63 18.05 19.00 0.916 0.278 0.895
SW, kg 41.55 41.87 41.32 41.78 40.47 42.45 0.935 0.094 0.400
HCY, % 44.03 44.81 44.91 45.30 45.42 45.62 0.687 0.651 0.973
CCY, % 43.31 43.94 44.10 44.61 44.56 44.76 0.711 0.662 0.986
Internal organ weights, g
Spleen 173.50 170.50 172.84 176.71 157.50 161.34 0.261 0.844 0.923
Liver 862.50 892.67 891.00 870.43 859.25 861.17 0.853 0.904 0.800
Lung 670.00 673.00 637.34 660.86 648.50 640.00 0.757 0.846 0.904
Heart 174.25a 195.50b 184.34ab 189.14ab 182.50ab 198.84b 0.184** 0.033 0.328

*HCW: Hot Carcass Weight, CCW: Cold Carcass Weight, SW: Slaughter Weight, HCY: Hot Carcass Yield, CCY: Cold Carcass Yield
** Difference between the averages shown with different letters on the same line are significant statistically (P<0.05).
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Discussion

It is emphasized that beneficial effects of yeast, one 
of the feed additive agents as a stimulant for growing in 
the breeding industry are related with their increasing 
effect on the performance of ruminants (Abd-El Ghani 
2004, Moharrery and Asadi 2009, Ezema 2013). In addi-
tion, adding inactivated yeast metabolite to the rations 
prepared with different roughage did not make any dif-
ference in the parameters of fattening performance (LW, 
LWG, FC, FCR) of Anatolia Merinos lambs. Apart from 
these researchers (Arcos-Garcia et al. 2000, Dolezal et al. 
2005, Pina et al. 2006, Gomes et al. 2014) reporting the 
effects of yeast are related with composition of ration 
and the amount of yeast used in ration, some research-
ers (Pina et al. 2006, Gomes et al. 2014) reported that 
the effect is related with limiting the daily amount of 
roughage in the group of lambs nourished with intense 
feed. In this study the amount of daily roughage fed to 
lambs for cellulolytic activity was kept at the required 
level and constant during the trial. On the other hand, 
during the trial period (September-November) it was 
determined that variations of temperature and humidity 
during the fattening periods were significant. This indi-
cates the parameters of fattening performance could be 
affected from the environmental factors such as tem-
perature and humidity. Researchers alreadyreport (Ko-
caman et al. 2007, Yaganoglu 2011, Goncu et al. 2015, 
Niyas et al. 2015) that ambient temperature and humid-
ity are significant environmental factors during the peri-
ods of growing and development, so in cases of ambient 
temperature decreases, the energy sourced by feed con-
sumption is utilised in order to hold that temperature 
constant in connection with lambs’ energy requirement 
increase and thus affecting the performance of fatten-
ing. These reports support the results of our study. 

It is determined that CC and digestibility of HCL was 
affected by the type of roughage in ration (P<0.05), addi-
tive agent increased digestibility of ADF in all groups fed 
by roughage (P<0.01) and increased the digestibility of 
CL in the group fed with WS (P<0.001). While no relation-
ship between the consumption of roughage with low cell 
wall components and the rate of digestible nutrient was 
observed, the consumption of roughage with high cell 
wall components had significant relation with the ratio 
of digestible nutrients and it is noted that this is the re-
sult of different levels of digestible energy provided from 
cell wall components (Sehu et al. 1998). It is specified 
that with the usage of IYM additive, more benefit can 
be provided from organic indigestible carbohydrate and 
other organic/inorganic factors, improvement on the di-
gestive levels of feed would be observed (Grochowska 
et al. 2012, Rufino et al 2013). It is also specified that 
limited feeding, roughage: concentrate feed ratio and 

feed consumption, intensity of anaerobic and cellulo-
lytic bacteria are effective factors; and in connection 
the digestibility of cellulose increases (Lima et al. 2012). 
Some researchers associated the effects of IYM with the 
low-quality roughage containing high CL in ration (Elseed 
and Abusamra 2007, Tang et al. 2008, Tripathi and Karim 
2011 Turkmen et al. 2011, Zain et al. 2011). According to 
the results of this research, digestibility of other nutri-
ents were not affected by the addition of IYM (P>0.05). 
It is stated that the digestibility of organic material is not 
affected by yeast addition and this may be caused by the 
digestion of yeast cell produced metabolites by rumen 
microorganisms (Oeztuerk 2009).

No difference was determined among the trial 
groups in terms of water consumption. To date, no liter-
ature exists on the water consumption of Anatolian Me-
rinos lambs fed with IYM additives; however, it is indicat-
ed that daily water consumption of lambs vary between 
3.05 - 5.7 liters (Schoeman and Visse 1995, Parker and 
Brown 2003). Findings regarding water consumption in 
this study (3.03 - 3.38 lt/day) are in line with literature.

Inactivated yeast metabolite additives decreased 
the rates of rumen acetic acid, propionic acid and TVFA 
in MH while increasing the rates of acetic acid and TVFA 
in WS (P<0.01). It is stated that organic carbohydrates of 
acetic acid may be changed depending on the fermenta-
tion of cellulolytic bacteria (Opsi et al. 2012) and rate of 
propionic acid decrease significantly with cereal feeding 
(Lila et al. 2004, Hill et al. 2009). It is noted that con-
centration of total volatile fatty acid increased according 
to the density of bacteria in rumen and the realisation 
of anaerobic rumen ambiance (Arcos-Garcia et al. 2000, 
Alshaikh et al. 2002, Dolezal et al. 2005, Kowalik et al. 
2015); however it is emphasised that it may decrease 
depending on the type or quality of yeast used (Angeles 
et al. 1998, Thrune et al. 2009, Tripathi and Karim 2011). 
It is stated that yeasts contribute to the maintenance of 
rumen pH due to similar reasons (Ghoneem and Mah-
moud 2014). In this study rumen pH was also main-
tained. The concentration of ammonia were influenced 
by the type of roughage and that ruminal concentration 
of ammonia increased in lambs fed with MH (P<0.05) in 
our study. This result was associated with the fact that 
MH contains more soluble protein than other roughage 
types. This is because it is expressed as an expected case 
that IYM addition would cause an increase in bacteria 
intensity in rumen and the amount of microbial nitrogen 
transferring to small intestine and thus ammonia nitro-
gen would transform into microbial protein more effi-
ciently (Denev et al. 2007, Patra 2012). It is also indicat-
ed that the increase in ammonia and TVFA was provided 
for with the addition of IYM ration containing % 49:51 
roughage:strong feed (Jurkovich et al. 2014) and that the 
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concentration of rumen ammonia varies due to the type 
of the yeast used (Arcos-Garcia et al. 2000).Slaughter 
weight, hot and cold carcass weights and yield; weights 
of spleen, liver and lung were not affected by roughage 
and additive matter (P>0.05); however additive agent in-
creased the heart weights of lambs fed with AH (P<0.05). 
These results were found similar with the results of stud-
ies stating that carcass parameters are not affected from 
addition of yeast (Kawas et al. 2007, Rufino et al. 2013). 

Conclusion

Lamb fattening during the off-mating season, sea-
sonal temperature and humidity variations were a sig-
nificant factor on the performance; IYM additives in 
lamb rations had positive effects on some cell wall com-
ponents digestibility and rumen fermentation; each of 
the as a rich roughage AH, as a medium quality roughage 
MH or as a low quality roughage WS might be used as 
roughage material during lamb fattening based on inten-
sive feed; and that further studies where higher rations 
of roughage are used in order to manifest the effects of 
IYM more clearly. 
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Abstract

This study was conducted to identify the best model characterizing the lacta-
tion curves of Awassi sheep, and to calculate the estimated lactation milk yield 
(ELMY) per sheep based on the model parameters. The study also investigated 
the factors affecting the observed lactation milk yield (OLMY) and ELMY, as well 
as the identified model parameters. OLMY was 111.47±3.504 kg, with a lacta-
tion period of 133.70±1.714. In an analysis of the HO, R2 and r parameters to-
gether, the fourth-order Legendre polynomial (LEG4) model was found to best 
predict the lactation curves of the Awassi sheep in the present study.

Introduction

Sheep provide many economically important prod-
ucts, including mutton, milk, and fleece (Güngör and 
Akçapınar, 2013). In regions with considerable pasture 
and arid climates, raising sheep is the leading animal 
husbandry activity (Güngör and Akçapınar, 2013). As of 
2019, there were a total of 37.276.050 head of sheep 
being raised in Turkey (TUIK, 2019), with Awassi is one 
of the most widely bred sheep breeds. Awassi is a fat-
tailed species of dairy sheep, named after the tribe of Al 
Awas that originates from the area between the Tigris 
and Euphrates rivers (Epstein, 1982). Awassi are kept 
in flocks, and raised in large numbers in the Şanlıurfa, 
Gaziantep, Kilis and Hatay provinces of Turkey and their 
vicinities, that is to say, in the Southeastern Anatolia re-
gion (TAGEM, 2009). They are considered to be superior 
to other dairy species due to their ability to adapt to dif-
ferent environments and their strong herd instinct (TA-
GEM, 2009).

Close to 31,473 tonnes of sheep milk is produced in 
Turkey (TUIK, 2019), being used predominantly in cheese 
production, and this has led sheep farming to gain im-
portance in recent years (Çoban et al, 2013), resulting 

in breeding efforts aimed at improving milk yield. Con-
ventional farming methods should be used for efficient 
production and the full utilization of the flock’s poten-
tial, with one such method being the use of the lactation 
curve model within an optimum raising-feeding strategy, 
depending on the needs and potential of the flock. Us-
ing the lactation curve for breeding, flock management 
and production planning is reported to help increase 
efficiency in sheep husbandry (Montaldo et al., 1997; 
Tzouramani et al., 2011; Angeles-Hernandez, 2013). Lac-
tation models have traditionally been developed initially 
for cattle (Morant and Gnanasakthy, 1989; Beever et al., 
1991; Tekerli et al., 2000), while the number of models 
used for the characterization of the lactation curves of 
sheep, on the other hand, has been limited (Sakul and 
Boylan, 1992; Dağ et al., 2005; Keskin and Dağ, 2006).

In lactation curve studies, the goal is to create a lac-
tation curve based on the milk yield of animals milked at 
different times, and to identify the environmental fac-
tors and values that affect the curve. Using the lactation 
curve, it is possible to understand the effects of such 
factors as species, lambing year, lambing season, lacta-
tion order and age of first lactation on both the lactation 
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curve and the total milk yield (Gipson and Grossman, 
1990). Lactation curve coefficients are used to examine 
the effects of the lactation curve on milk production and 
economic factors (Grossman et al., 1986), determining 
the shape and the slope of the curve. The sizes of these 
coefficients, or in other words, the shape of the lactation 
curve is affected by factors such as the number of births, 
lambing season, lactation order, age of first lambing, 
care-feeding, health status and genotype. The effects of 
these factors can vary by flock or by years, and this is 
why the parameters of a lactation curve identified for 
a particular flock can be said to be unique to that flock 
(Tekerli et al., 2000).

The most well-known lactation curve model still in 
use is the one proposed by Wood in 1967 (Wood, 1967). 
The Wood lactation model is used widely in studies ex-
amining the factors affecting the lactation curve (Yılmaz 
et al., 2004), while many new models have been pro-
posed since 1967. The Wood lactation model has been 
used previously in studies of Awassi sheep (Yılmaz et al., 
2004). Many parametric models have been developed to 
characterize lactation curves, including inverse polyno-
mial, gamma type and exponential functions. With the 
increased use of individual records, more flexible func-
tions for the making of linear predictions have started to 
be used more frequently (Prakash et al., 2016). 

Selection efficiency could be increases through the 
use of the right lactation curve model, the right milk 
yield estimate and the right selection of animals, and 
identifying the lactation curve would help with efficient 
breeding. This study aims to identify the model with the 
best fit for the lactation curves of Awassi sheep. The 
lactation curve was created using the model proposed 
in this study, and the environmental factors that affect 
parameters of the lactation curve and OLMY were ex-
amined.

Materials and Method

Animal Material

The study was conducted between 2013 and 2015 
on Awassi sheep at the Şanlıurfa GAP Agricultural Re-
search Institute of the General Directorate of Agricultural 
Research and Policies of the Ministry of Agriculture and 
Forestry, making use of the data from 287 sheep (year 
2013, n=101; year 2014, n=82; year 2015, n=104) raised 
within an Awassi sheep breeding project. The lactation 
milk yields and lactation curves of ewes that lambed in 
different periods were examined. Lambing started in 
a different month each year, in November, December 
and January. The flock was cared for and fed following 
routine procedures at the Institute. Milk controls were 
performed on a 24-hour basis, and repeated every 20 

days. Milk controls ended when two-thirds of the flock 
finished lactating, upon which milking was ended for the 
entire flock. The lactation curve was created based on 
1,136 daily milk yield records from 213 ewes. Ewes with 
fewer than four control milk yields in a lactation period 
were excluded from the analysis.

Statistical Analysis

Table 1 presents the lactation models used in the 
study. The data analysis was carried out using the PROC 
NLIN option in the SAS (2000) software package. The 
model with the best fit was identified through a compar-
ison that took into account the correlation coefficient (r), 
average (residual) error (AE) and coefficient of determi-
nation (R2). After identifying the model that best charac-
terized the lactation curve, the model parameters were 
used to calculate estimated lactation milk yields (ELMY).

PROC NLIN procedure:
PROC NLIN; byanim;
MODEL   y = <nunlinear model expression>;
PARMS a=<değer>, b=<değer>, c=…., ,,,;
OUTPUT OUT=<output file name> 

PREDICTED=<name> RESIDUAL=<residual name>
SSE=<errorsums of square> PARMS= a, b, c, … 

(names of model parameterspredicted);
RUN;
To obtain these estimates, daily and total lacta-

tion milk yields were calculated for each ewe. The ELMY 
values obtained using the parameters of the selected 
model were compared with the OLMY values calculated 
using the Fleischmann method.

After calculating OLMY and ELMY, SAS PROC CORR 
was used to calculate the coefficients of the correlation 
between OLMY and ELMY and the parameters of the 
model (LEG4).

The model used to examine the environmental fac-
tors that affect the observed lactation milk yield (OLMY), 
the estimated lactation milk yield (ELMY) and the model 
parameters was as follows: Yijk

Yijk = μ + YAi + DTj + b (Xijk) + eijk

Yijk: ELMY, OLMY, model parameters, µ: Overall 
mean in terms of the analyzed trait, YAi: i

th lambing year-
Month, DTj: jth birth type, b: the partial regression co-
efficient of Xijk, Xijk: lactation lenght of the kth ewe, eijk: 
Residual associated with Yijk

The following model was used to analyze the fac-
tors (environmental and flock management) affecting 
lactation lenght (LD):

Yijk = μ + YAi + DTj + eijk
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Table 1. Lactation model

Model Name Model Explanation

Nelder, 1966

yt: milk yield (gr / day) at time t (day) of lactation 
a, b, c, and d are model parameters that determine the shape 
and scale of the curve 
t: Control interval (days)

Wood, 1967

yt: milk yield (gr / day) at time t (day) of lactation 
a, b, c, and d are model parameters that determine the shape 
and scale of the curve 
t: Control interval (days)

Morant and Gnanasakthy, 1989

yt: milk yield (gr / day) at time t (day) of lactation 
a, b, c, and d are model parameters that determine the shape 
and scale of the curve 
t: Control interval (days)

Cobby and Le Du, 1978

yt: milk yield (gr / day) at time t (day) of lactation 
a, b, c, and d are model parameters that determine the shape 
and scale of the curve 
t: Control interval (days)

Legendrepolynomial 
Kirkpatrick et al., 
1990; Schaeffer, 2004; 
Silvestre et al., 2006; 
Koncagül et al., 2012

yt=  milk yield on day t control day after birth 
the value of t varies between -1 and +1 (Equation 1) 

 
tg= control day 
tgmin = first control day 
tgmax= last control day

 
ф(t) =normalized polynomial 
Pn(t) = nth order of the polynomial

LEG2

LEG3

LEG4

Results

Descriptive statistics of the traits are presented in 
Table 2. A large variation is observed in ewe weight, lac-
tation lenght, lactation milk yield and average daily milk 
yield. The majority of the flock consisted of young moth-
ers (2, 3 and 4 years old), while there were few older 
ewes (5 years old or above accounted for 12% of the 
flock).

Table 3 reports the r, R2 and AE values obtained 
from different models by years. The Cobby and Le Du, 

Nelder and Wood models had the lowest performances 
in terms of AE. The rest of the models had AE values that 
were indistinguishable from zero. The R2 values in the 
Nelder and Cobby and Le Du models were found to be 
negative. Legendre polynomials (LEG) had the highest 
R2 value. Among the Legendre polynomials, LEG4 had 
the highest R2 value (0.99), followed by LEG3 (0.93) and 
LEG2 (0.88). The values obtained from the other models 
were smaller.

Yijkl: ELMY, OLMY, model parameters, µ: Overall mean 
in terms of analyzed trait, YAi: ith lambing year-Month, 
DTj: jth birth type, eijk: Residual associated with Yijk

The differences between the levels of environmen-
tal factors were tested using the LSMEANS/TUKEY op-
tion within the PROC GLM system (SAS, 2000).
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Table 2. Descriptive statistics for the descripted statistics for BW, EW, LD, OLMY and DMY

Sex Number (%) Age Number (%) Mean ± St. Dev Min. Max.
Male 147 (55,3) 2 79 (29,7) Birth Weight (kg) 4.512 ± 0.737 2.1 6.8
Female 119 (44,7) 3 79 (29,7) Ewe Weight (kg) 55.848 ± 7.276 39.2 73.4
Type of birth Number (%) 4 76 (28,6) LD (Days) 128.643 ± 29.597 29.0 192.0
Single 205 (77,1) 5 32 (12,0) OLMY (kg) 105.210 ± 51.103 26.9 288.7
Twins 61 (22,9) Total 266 (100,0) Average Daily Milk Yield (g) 803.467 ± 299.493 208.4 1874.5

Table 3. Comparison statistics used for the characterization of the lactation curves of Awassi sheep

Year Model n r R2 AE

20
13

Wood 59 0.101±0.073 0.175±0.019 621.479±27.917
Nelder 59 0.572±0.050 -2.190±0.388 1041.79±136.669
Morant and Gnanastky 59 0.953±0.010 0.994±0.001 0.429±0.314
Cobby and Le Du 59 0.577±0.047 -3.463±1.773 484.290±174.501
LEG2 59 0.882±0.015 0.982±0.003 0.000±0.000
LEG3 59 0.937±0.010 0.992±0.002 0.000±0.000
LEG4 59 0.993±0.004 0.999±0.000 0.000±0.000

20
14

Wood 66 -0.203±0.051 0.166±0.013 623.123±29.732
Nelder 66 0.499±0.059 -2.511±0.449 1032.079±136.314
Morant and Gnanastky 66 0.896±0.020 0.983±0.004 -0.666±0.608
Cobby and Le Du 66 0.299±0.055 -18.576±4.154 1674.951±265.660
LEG2 66 0.819±0.023 0.966±0.005 0.000±0.000
LEG3 66 0.908±0.020 0.985±0.003 0.000±0.000
LEG4 66 0.969±0.012 0.998±0.001 0.000±0.000

20
15

Wood 88 -0.424±0.048 0.089±0.011 816.425±31.741
Nelder 88 0.454±0.047 -1.100±0.249 934.978±120.506
Morant and Gnanastky 88 0.914±0.011 0.985±0.002 1.207±1.462
Cobby and Le Du 88 0.117±0.048 -32.816±3.742 3805.829±269.271
LEG2 88 0.84±0.0170 0.975±0.003 0.000±0.000
LEG3 88 0.910±0.012 0.986±0.002 0.000±0.000
LEG4 88 0.958±0.007 0.993±0.001 0.000±0.000

The LEG4 model performed better than the other 
models in its characterization of the lactation curves of 
Awassi sheep. The comparison criteria for the model 
selection included the coefficient of correlation (r) be-
tween the observed and estimated lactation curves, the 
average error (AE) and the coefficient of determination 
(R2). The models of Cobby and Le Du, Nelder and Wood 
had the lowest performance in terms of AE, while the 
remaining models had AE values that were indistin-
guishable from zero. The values obtained from the other 
models were smaller. Taking HO, R2 and r parameters 
together, LEG4 was found to best characterize the lacta-
tion curves of the Awassi sheep used in the study. In light 
of these findings, LEG4 was selected as the evaluation 
model for the study for the identification of features of 
the lactation curve, as well as the environmental factors 
affecting the lactation curve and OLMY. Table 4 presents 

the least square means of the OLMY, LD and model pa-
rameters.

The present study also compares the conventional 
models widely used in lactation curve studies with more 
recent models. Milk controls were carried out every 20 
days to reduce error and to allow a more accurate calcula-
tion of OLMY, and the observed and estimated milk yields 
were found to be very close to one another. Lambings 
started in different months, as in 2013, when the proj-
ect began, the flock was brought together from different 
farmers. Despite all of these issues, OLMY and ELMY over-
lapped to a significant extent. A rapid decline was noted 
following the peak in the lactation curve of ewes who 
lambed in 2015, apart from irregularities in peak levels 
observed for other years as well, a decline that can be at-
tributed to the harsh winter conditions following lambing 
in 2015, and the replacement of shepherds.
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Table 4. Least square means of model parameters and observed (OLMY) and estimated (ELMY) lactation milk yields by years

a
b-c

d-q
q

O
LM

Y
ELM

Y

Year of birth
n

M
onth

X
ay ±

S
x

X
yıl ±

S
x

X
ay ±

S
x

X
ay ±

S
x

X
ay ±

S
x

X
yıl ±

S
x

X
ay ±

S
x

X
yıl ±

S
x

X
ay ±

S
x

X
yıl ±

S
x

X
ay ±

S
x

X
yıl ±

S
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2013

3
Decem

ber
561.11±240.573

ab

1034.66±70.73A

155.29±139.235

-136.13±40.39A

63.68±169.565

-18.69±47.89

46.72±124.129

-18.69±47.89

54.95±22.318

99.97±6.67

54.93±22.297

99.97±6.67

7
January

662.43±164.669
a

36.32±95.304
80.39±116.065

129.66±84.965
67.32±15.276

67.37±15.262

35
February

1120.59±80.645
ab

-180.47±46.674
-44.78±56.842

-65.39±41.611
109.02±7.481
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and ELMY in later birth months and years, although the 
only significant differences were those between the all 
months of 2015 (P<0.05). The ewes who started lactat-
ing in later months were observed to have higher OLMY 
values than those who started in earlier months. This 
can be attributed to conditions in the Şanlıurfa province, 
where, despite some year-to-year fluctuations, the pas-
ture conditions improve with spring, meaning that ewes 
that started lactating close to the beginning of spring 
were exposed to better pasture conditions between 
birth and peak yield.

Relationships Between Parameters

Table 5 reports the correlations between model 
parameters. In terms of model parameters the highest 
correlation (r=0.843) was observed between d and q, 
followed by those between c-d and b-q.  The relation-
ship between OLMY and ELMY was found to be very 
strong (r=0.999). Parameter a was also found to have a 
very strong relationship with OLMY and ELMY. A breed-
ing program based on parameter a would likely improve 
the trait of OLMY.

The observed and estimated overall lactation 
curves similar classical lactation curve and display a reg-
ular increase and decrease (Figure1). The observed and 
estimated lactation milk yields overlapped to a signifi-
cant extent.

Description of Model Parameters

Parameters representing changes in the lactation 
curve.

 ● Parameter a: the estimated daily milk yield in the 
middle of lactation, the milk yield when corrected 
time is zero. 

 ● Parameters b – c: the ups and downs in milk yield in 
the first half of the lactation period. 

 ● Parameters d – q: the ups and downs in the second 
half of the lactation period (Silvestre et al., 2006; 
Koncagül et al., 2012).

Effects of Environmental Factors

The environmental factors that affect the lactation 
parameters, year and month of birth, type of birth, and 
OLMY and ELMY effects, were examined. The effects 
of birth year and month on parameter a (milk yield in 
the middle of the lactation period) varied by year, with 
parameter a being observed to increase significantly 
(P<0.05) with births taking place in later months and 
over the years. In terms of the effects on parameters 
b-c, which represent the fluctuations in milk yield from 
the beginning to the middle of the lactation period, and 
parameters d-q, representing the fluctuations in the sec-
ond half of the lactation period, the year of birth was 
found to have a significant effect on parameters b-c only 
(P<0.05). In general, there was an increase in OLMY 

Table 5. Coefficients of correlation between model parameters of the LEG4 function, OLMY, ELMY and LD.

b c d q LSV TLSV LS
a 0.026 -0.248** 0.019 -0.026 0.911** 0.911** 0.300**
b 0.450** 0.531** 0.619** -0.055 -0.055 0.105
c 0.769** 0.600** -0.332** -0.332** -0.215**
d 0.843** -0.074 -0.074 0.007
q -0.116 -0.116 -0.066
LSV 0.999** 0.606**
TLSV 0.607**

*P<0.05, **P<0.01, a, b, c, d, q: Fourth order Legendre polynomial model parameters, OLMY: Observed lactation milk yield, ELMY: Estimated lacta-
tion milk yield based on model parameters, LD: Lactation length.

Figure 1. Observed and estimated lactation curve.
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Discussion

The lactation curves of ewes have been studied by 
many researchers, but have usually been based on only 
partial lactation data, as the general practice in sheep 
husbandry is to focus on milk yield records after the 
weaning of lambs. This corresponds to a period after 
peak yield, which makes it impossible to estimate the 
shape of the curve from the beginning of lactation up 
until peak yield (Pollott and Gootwine, 2000). Lactation 
following peak yield usually follows a linear trajectory, 
which can be characterized by simple linear models. The 
total lactation milk yields in the present study were ob-
served to be similar to those reported by previous stud-
ies of Awassi sheep (Seker et al., 2000; Dağ et al., 2005; 
Tekel et al., 2007). On the other hand, OLMY and ELMY 
values were found to be lower than those reported by 
Gootwine and Pollott (2000). Moreover, the obtained 
lactation curves were found to be consistent with the 
lactation curve given by Kaymakçı (2006). OLMY in-
creased in the two months following lambing to reach 
peak yield, after which it followed a declining trajectory. 

In the present study, LEG4 was found to be the mod-
el that best characterized the lactation curves of Awassi 
sheep kept under Institute conditions in Şanlıurfa. Ruiz 
et al. (2000) argue that a high positive correlation among 
the model parameters used to characterize lactation 
curves would prevent the accurate characterization of 
the lactation curve. However, the observed lactation 
curves and the lactation curves estimated using the 
LEG4 model in the present study overlapped to a sig-
nificant extent, despite the strong and positive correla-
tion among the model parameters, indicating that Ruiz 
et al.’s (2006) argument does not always apply. More-
over, the highest correlations between OLMY and ELMY 
in years 2013, 2014, and 2015 were 0.993, 0.969, and 
0.958, respectively, indicating that the LEG4 model used 
in the present study was successful in characterizing the 
lactation curves.

Birth month was found to have a significant effect 
(P<0.05) on OLMY in 2015, and this finding is consistent 
with other studies examining the effects of environ-
mental factors on lactation milk yields in Awassi sheep 
(Ozbey and Akcan, 2000; Reiad et al., 2010). Total milk 
yield is closely related to the genotype of sheep and the 
environmental conditions under which they are kept, in 
addition to other quantitative factors. The fit of lactation 
curve models used by different researchers naturally 
varies depending on the species and breed of the sheep.  
Elvira et al. (2013) report that the lactation curves of La-
cuna sheep are best characterized by the Pollat Additive 
and Fractional models, while Ünal et al. (2007) found 
the Wilmink, Wood and Dhanoa models to be more 
successful in characterizing the lactation curves of Ak-

karaman sheep, as well as Kıvırcık-Akkaraman and Sakız-
Akkaraman crossbreds. Regarding the characterization 
of the lactation curves of Awassi sheep, on the other 
hand, Dağ et al. (2005) recommend the Cubic model, 
whereas Yıldız (1997) reported Wood to be the best 
model, with the Cobby and LeDu, Dhanoa and Wilming 
models performing equally well. In a study comparing 
three different lactation models, Çoban and Kayaalp 
(2013) reported similar results. In a study comparing lin-
ear and non-linear models, Pollott and Gootwine (2000) 
reported similar findings. Findings are similar to those 
reported by Esenbuğa and Bilgin (2004) in their study on 
the lactation curves of Awassi sheep. The model identi-
fied as the best performer in characterizing the lactation 
curve can be used to identify ewes with low yields and 
remove them from the flock. This would have a direct 
effect on profitability and efficiency. The LEG4 model 
used in the present study was found to perform better 
than the other models. The ELMY estimated using the 
LEG4 model was found to be very close (0.958<r<0.993) 
to the OLMY calculated using the Flesichmann method. 
The LEG4 model can be used to predict the lactation milk 
yields of Awassi sheep kept under conditions similar to 
those prevailing in the Şanlıurfa province of Turkey.

Conclusion
Despite the widespread practice in Şanlıurfa of us-

ing November and December as the lambing period, it 
would be better, in terms of total lactation yield, to have 
the lambings in January and February. It was also found 
that twin births were no different in terms of milk yield 
when compared to single births, and farmers in the re-
gion usually prefer single births.

The milk yields of Awassi sheep were found, as ex-
pected, to be high, and the findings of the present study 
suggest that it is possible to improve yields of even fur-
ther through breeding. The findings of the present study 
can be expected to provide guidance in future breeding 
efforts with the goal of increasing milk yields. When the 
HO, R2 and r parameters were considered together, the 
fourth-order Legendre polynomial (LEG4) model was 
found to best predict the lactation curves of Awassi 
sheep. This study is expected to make a significant con-
tribution to the literature through its examination of 
regression models in detail, to apply these models to 
the Awassi dairy species and interpret the results, and 
to provide future researchers with valuable information.
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Abstract

This study aims to determine the environmental factors effected to lactation 
length (LL), lactation milk yield (LMY), calving intervals (CI) of Anatolian buffaloes 
in Bartın. In this study, 1511 milk yield data belonging to 762 Anatolian buffaloes 
and 957 CI data belonging to 543 Anatolian buffaloes which has been reared in 
different environmental conditions between 2015-2019 under the scope of the 
Anatolian Buffalo Breeding Project being conducted in Bartın province. The least 
squares method was used for determining the effect of environmental factors, 
and Tukey multiple comparison tests were used for multiple comparison. Mean 
and standard deviations relevant to the LL, LMY, and CI were detected as 260.26 ± 
1.33 days, 1035.5 ± 8.21 kg, and 426.35 ± 2.91 days, respectively. County, calving 
year, and season, age, and lactation number’s effects on those parameters were 
investigated. The effect of calving year (P<0.001) county and season (P<0.01) on 
LL; county, calving year (P<0.001) and calving age (P<0.05) on LMY; lactation num-
ber (P<0.001) and calving age (P<0.01) and season (P<0.05) on CI were found 
statistically significant. Meanwhile, a highly significant positive phenotypic cor-
relation was calculated between LMY and LL (r = 0.66, P <0.001). There are no ad-
equate studies related to the environmental factors influencing lactation length, 
lactation milk yield, calving intervals of Anatolian buffaloes. Significant environ-
mental factors detected in this study should be considered in selection programs.

Introduction

Buffalo (Bubalus Bubalis) is an extensively reared 
as a dairy animal and originated from Asia (Borghese, 
2010). While the world’s buffalo population was 173 mil-
lion in 2005, it has reached 206.6 million in 2018. The 
increasing percentage in the world’s buffalo popula-
tion between 2005-2018 is 19.4 (FAO, 2020). Buffaloes 
have great importance in regards to the amount of milk 
produced and milk’s nutritional composition. Total buf-
falo milk production in 2018 was 127.7 million tonnes in 
the world. This amount constitutes around 15% of total 
milk production of the world, therefore buffaloes have 
become the second highest milk producers of the world 
after dairy cattle (FAO, 2020).

Buffaloes have been reared in Turkey originated 
from Mediterranean Buffaloes, which are the sub-group 
of Riverin Buffaloes and named as Anatolian Buffaloes 
(Cicek et al., 2009). Buffaloes mainly reared at the North-
ern, Middle, Marmara, Eastern, and South-Eastern Re-
gions of Turkey (Atasever and Erdem, 2008). While Tur-
key’s buffalo population was 105 thousand in 2005, it 
has reached 184 thousand in 2019 thanks to the Nation-
al Anatolian Buffalo Breeding Project in Farm Conditions 
implemented by the Turkish Ministry of Agriculture and 
Forestry. There are 1.659 buffaloes reared currently in 
Bartın province located in the Northwest part of Turkey 
(TUIK, 2020a). Buffaloes being bred in Turkey for milk and 
meat production. In addition to their resistance against 
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diseases and harsh environmental conditions, not only 
the higher capability of feed efficiency, converting poor-
quality feedstuffs into high-quality milk and meat, but 
also lower expenses needed for husbandry compared to 
dairy cattle could be considered as other main reasons 
for engaging in buffalo husbandry (Atasever and Erdem, 
2008). Buffalo milk is used in order to produce yoghurt, 
cream, cheese, and ice cream, and it contains 7.92% fat 
and 4.09% protein. Meanwhile, buffalo meat is used for 
producing salami (Soysal et al., 2015).

According to TUIK (2020b) 79 thousands tonnes of 
milk and 73 tonnes of meat produced from buffaloes in 
2019 in Turkey. To increase the efficiency of dairy buf-
faloes, factors that influence milk production should 
be ameliorated. Total milk production of buffaloes; ef-
fected by non-genetic parameters such as season, man-
agement, and feed quality (Afzal et  al., 2007; Pawar et 
al., 2012) some other parameters like calving interval 
and age are closely related to efficient  milk production 
(Khosroshahi et al., 2011). LMY and LL are significant pa-
rameters for dairy buffaloes (Chaudhry, 1992).

There is not adequate research about the envi-
ronmental factors which influence LL, LMY, and CI of 
Anatolian Buffaloes. Hence, more studies required to 
determine the effects of environmental parameters on 
production of Anatolian Buffaloes. This study aims to ex-
amine siginificant environmental factors influencing LL, 
LMY, and CI of Anatolian buffaloes.

Materials and Methods

Animal material of the study comprises of pedigree 
records of 762 Anatolian buffaloes’ milk yield records 
and 543 calving interval records in Bartın province (410 
38’ 28’’ N and 320 19’ 59’’ E) between 2015-2019. In this 
study, 1511 milk yield records and 957 calving interval 
records were evaluated and obtained from Anatolian 
buffaloes that were born between these years. LMY and 
CI records procured from the database named ‘Manda 
Yıldızı’. The data being uploaded by project technical 
staff hired for The National Anatolian Buffalo Breeding 
Project which has been coordinated and supported by 
the General Directorate of Agricultural Research and 
Policies (Tekerli, 2019).

Buffaloes are milked twice daily, at morning and 
evening. Milk records are collected each month with a 
precision scale which is sensitive to 10 g / 50 kg. Ana-
tolian buffaloes with at least the 4 months of lactation 
data were included in the analysis (Koç and Kızılkaya, 
2009). The records between 123≤LL≤404 d for LL and 
300≤CI≤700 d for CI (Soysal et al., 2018) were evaluated 
in this study. The data of animals leaving the herd before 
the lactation ended due to diseases, sales, and deaths 

were not evaluated. Abort and stillbirths were excluded 
in the calculation of the CI.

Buffalo husbandry is carried out under extensive 
conditions plus similar management and nutritional 
conditions in the region where the research was con-
ducted. Farmers do not usually apply additional feeding 
to buffalos particularly in the pasture period, but they do 
additional feeding according to the current feed (straw, 
alfalfa, silage, etc.) in winter. On the days when seasonal 
conditions are suitable for grazing in the region, buffa-
loes are taken to pasture after morning milking. While 
most of the farmers are milking by hand, fewer are milk-
ing with a machine. This study was conducted in 4 coun-
ties; (1) Amasra, (2) Kurucaşile, (3) Center and (4) Ulus. 
Calving year was grouped between 2015 to 2019. Based 
on the geo-climatic conditions prevailing in Turkey, calv-
ing seasons allocated into four groups; (1) winter (De-
cember, January and February), (2) spring (March, April 
and May), (3) summer (June, July and August) and (4) 
autumn (September, October and November). Age was 
divided into five groups: (1) 3-4 yrs, (2) 5-6 yrs, (3) 7-8 
yrs, (4) 9-10 yrs, (5) 11 yrs and older. Lactation number 
was listed numerically one through five.

Among the environmental factors examined in this 
study, the effect share of the county, calving year, sea-
son, age, and lactation number on LL, LMY, CI and were 
determined using the least squares method. The test 
of significance in terms of statistics were made by vari-
ance analysis and the differences between the averages 
were evaluated by the Tukey multiple comparison tests. 
Besides, a phenotypic correlation was calculated from 
unadjusted data via Pearson Method. The GLM (General 
Linear Model) procedure in the “Minitab-Version 18” 
program package was used for statistical analysis of the 
data (Minitab, 2017).

The effects of various environmental factors on lac-
tation length, lactation milk yield, and calving interval 
were examined using the model below.

Yijklmn= μ + Ci + Yj+ Sk+ Al + Lm + eijklmn         as follows;
Yijklmn: The yield characteristics of any buffalo (i: 

county, j: year, k: season, l: age, m: Lactation number)
μ: Overall (expected) average,
Ci: The effect of County (i= 1,2,3,4),
Yj: The effect of Calving Year (j= 2015, 2016, 2017, 

2018, 2019),
Sk: The effect of Calving Season (k= 1,2,3,4),
Al: The effect of Calving Age (l=1,2,3,4,5)
Lm: The effect of Lactation Number (m= 1, 2, 3, 4, 5),
eijklmn: Random error which is assumed to be nor-

mally independently distributed with zero mean and 
constant variance (NID, 0, σ2).
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Results

In this study, LL, LMY, CI overall mean and standard 
error were determined as 260.26 ± 1.33 days, 1035.5 ± 
8.21 kg, and 426.35 ± 2.91 days, respectively (Table 1). 

The effects of some environmental factors on LL, LMY, 
and CI in Anatolian buffaloes are examined and the 
mean, standard errors, and effective factors of these 
characteristics are given in Table 2.

Table 1. Descriptive statistics for LL, LMY, and CI in Anatolian buffaloes

Number of Animals Number of Records Mean Standard Error (S) Minimum Maximum
Lactation Length (days)

762 1511 260.26 1.33 123 404
Lactation Milk Yield (kg)

762 1511 1035.5 8.21 294.9 1986.6
Calving Interval (days)

543 957 426.35 2.91 300 700

Table 2. Least squares means (± SE) of lactation number, LMY, and CI according to the county, calving year, season, and age, lac-
tation number of Anatolian buffaloes

Factors
Lactation Length (days) Lactation Milk Yield (kg) Calving Interval (days)
n (Mean±SE) n (Mean±SE) n (Mean±SE)

County

P ** *** NS
Amasra 73 278.34±6.05a 73 1145.0±32.0a 55 399.0±12.5

Kurucaşile 65 246.97±6.52b 65 1045.4±34.5ab 33 397.9±15.9
Center 1201 257.66±2.11b 1201 1026.4±11.2b 767 402.45±5.34

Ulus 172 255.72±4.16b 172 1100.3±22.0a 102 395.39±9.46

Calving Year

P *** *** ***
2015 236 263.66±4.59ab 236 870.6±24.3d 98 363.10±12.2d

2016 309 258.40±4.04b 309 973.4±21.4c 195 383.45±9.41cd

2017 425 268.26±3.61ab 425 1182.8±19.1b 263 397.30±8.25bc

2018 431 272.21±3.23a 431 1251.2±17.1a 326 425.91±6.95a

2019 110 235.82±5.23c 110 1118.4±27.7b 75 423.50±11.1ab

Calving Season

P ** NS *
Winter 221 265.35±4.09a 221 1113.4±21.6 137 418.04±9.34a

Spring 398 261.61±3.59a 398 1072.7±19.0 230 390.28±8.57b

Summer 523 251.68±3.29b 523 1058.7±17.4 333 390.62±7.50b

Autumn 369 260.05±3.69ab 369 1072.4±19.6 257 395.71±8.32ab

Calving Age (year)

P NS * **
3-4 348 259.88±5.19 348 1020.3±27.5b 51 357.0±15.1c

5-6 531 256.13±3.90 531 1054.8±20.6b 333 388.36±8.71bc

7-8 338 258.47±3.79 338 1072.6±20.0ab 298 405.52±7.69ab

9-10 200 268.09±4.47 200 1140.9±23.6a 183 408.72±8.35ab

11≤ 94 255.79±6.46 94 1107.8±34.2ab 92 433.70±11.5a

Lactation Number

P NS NS ***
1st 470 258.21±4.54 470 1022.1±24.0 374 452.97±7.84a

2nd 420 259.93±3.94 420 1068.2±20.9 322 422.79±7.91b

3rd 352 258.73±3.93 352 1092.3±20.8 204 381.97±9.39c

4th 211 260.76±4.76 211 1103.4±25.2 57 336.90±13.9d

5th 58 260.72±7.54 58 1110.5±39.9 - -

*     : P<0.05            **   : P<0.01        ***   : P<0.001              NS   : Non-Significant (P>0.05)
a, b, c, d    : Means in a column with different superscripts differ significantly (P<0.05).
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The effects of the county, calving year, season, calv-
ing age, and lactation number on these characteristics 
were determined. The effect of calving year (P <0.001) 
county and season (P <0.01) on LL; the effect of calving 
age (P <0.05) on LMY was found important, and the ef-
fect of calving year and the county on calving age was 
considered significantly important (P <0.001). While the 
effects of calving season on CI (P <0.05) and calving age 

Table 3. Phenotypic correlation (rP) for some traits of Anatolian buffaloes

Traits Lactation Length Lactation Milk Yield Calving Interval
Lactation Length -
Lactation Milk Yield 0,66*** -
Calving Interval 0,15*** 0,13*** -

***   : P<0.001

(P <0.01) were found statistically significant, the effects 
of calving year and lactation number on CI were found 
to be significant (P <0.001). The high positive pheno-
typic correlation was calculated between LMY and LL (r 
= 0.66, P <0.001). In addition, low positive phenotypic 
correlations were calculated between CI and LL (r = 0.15, 
P <0.001) and between CI and LMY (r = 0.13, P <0.001) 
(Table 3).

Discussion

The LL obtained (260.26 ± 1.33 days) (Table 1) in 
this study is longer than the lengths found in Şahin and 
Ulutaş (2014) (146.6 days), Tekerli et al. (2016) (229.4 
days), Uğurlu et al. (2016) (231.9 days), and Koçak et al. 
(2019) (245.4 days) studies on Anatolian buffaloes. The 
reason for this case could be taken into account under 
the following conditions, farmers would like to obtain 
maximum milk from buffaloes as long as possible, ignor-
ing the economy of lifelong milk production (Hussain et 
al., 2006). The LL found in the study was relatively short 
but similar to Rosati and Van Vleck (2002) (270 days) find-
ings in Italian buffaloes, Afzal et al. (2007) (273.3 days) in 
Nili Ravi buffaloes in Pakistan. However, the LL obtained 
at the end of this study is shorter than the values re-
ported by Cady et al. (1983) (282 days) and Chaudhry 
(1992) (302 days) as a result of some researches on Nili 
Ravi buffaloes. The differences in LL values might be due 
to various management and feeding programs imple-
mented in the farms. 

The effect of county on LL was found significant 
(P <0.01) in this study in accordance with Soysal et al. 
(2018) findings carried out a study on Anatolian buffa-
loes reared in İstanbul. The highest LL was calculated in 
Amasra, the lowest was in Kurucaşile. The effect of cal-
ving year on LL was determined significant (P <0.001) in 
this study (Table 2) compatible with the studies carried 
out by Charlini and Sinniah (2015) from Sri Lanka and 
Koçak et al.(2019) on Anatolian buffaloes. In this study, 
the longest LL was obtained in 2018, while the shortest 
LL was achieved in 2019. Alterations in LL during various 
calving years may be due to climate factors and/or diffe-
rences in management practices at the farm. The effect 
of calving season on LL was found significant (P <0.01) 
in this study (Table 2) similar to the studies conducted 

by Hussain et al. (2006) on Nili Ravi buffaloes, Şahin and 
Ulutaş (2014), and Koçak et al. (2019) on Anatolian buf-
faloes. Besides, Bashir et al. (2015) also reported that 
the LL was affected by the calving season. Nevertheless, 
the abovementioned effect was found non-significant 
in some studies (Ghaffar et al., 1991; Chaudhry , 1992; 
Khan and Chaudhry, 2000; Afzal et al., 2007) conducted 
on buffaloes, in contrast with the findings obtained in 
this study. 

It was observed that Anatolian buffaloes calved in 
winter have longer LL than calved in summer and au-
tumn as compared with spring (Table 2). Furthermore, 
the longest LL was achieved in buffaloes calved in winter, 
while the shortest LL was achieved in buffaloes calved 
in summer. Similar results were reported by Şahin and 
Ulutaş (2014) in a study conducted on Anatolian buffa-
loes in Tokat province of Turkey, contrary to the Khalil et 
al. (1992) ‘s findings are relevant to the longest LL in buf-
faloes calved in spring as a result of a study on Egyptian 
buffaloes. While some researchers reported that the ef-
fect of year, season, and age on LL is significant (Hussain 
et al., 2006; Marai et al., 2009; Koçak et al., 2019), in this 
study only the effect of age was found non-significant 
(P>0.05) apart from other factors. Moreover, Soysal et 
al. (2018) reported similar results that the effect of age 
on LL was not considerable as a result of various stud-
ies on Anatolian buffaloes, unlike Khan and Chaudhry 
(2000)’s reports with respect to the significant effect of 
calving age on LL.

As a result of this study, no differences were ob-
served (P>0.05) in Anatolian buffaloes in terms of the 
effect of lactation number on LL. Similar results were ob-
tained by Afzal et al. (2007) in consequence of a study 
carried out Nili-Ravi buffaloes in Pakistan. However, the 
effect of lactation number on LL was found significant in 
most studies conducted on buffaloes. These differences 
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might be shown up due to various farm management 
conditions and various locations of farms. As can be un-
derstood from this research (Table 2), as lactation num-
ber increases, LL values increase properly even though 
they are not very dissimilar. Nevertheless, Cady et al. 
(1983) reported that as lactation number increases, LL 
values reduce. 

The LMY (1035.5±8.21 kg) (Table 1) obtained in this 
study is higher than Tekerli et al. (2001) (894.3 kg), Şahin 
and Ulutaş (2014) (657.7-761.4 kg) and Uğurlu et al. 
(2016) (925.4 kg) reported. On the other hand, it is similar 
to the value reported as 1000.7 kg in the study conduct-
ed by Tekerli et al. (2016) on different originated Anato-
lian buffaloes. However, this value found in the study is 
less than the LMY reported by many other researchers. 
According to some researches carried out on various 
buffalo breeds from various countries, LMY reported as; 
Cady et al. (1983) (1883 kg), Khan and Chaudhry (2000) 
(1984 kg) at Nili Ravi buffaloes reared in Pakistan and Ro-
sati and Van Vleck (2002) reported 2286 kg at Mediter-
ranean buffaloes reared in Italy. These production levels 
are considerably higher than the milk yield of Anatolian 
Buffaloes reared in Turkey. Likewise, the milk yield value 
found in this study is lower than the value obtained by 
Şekerden (2011) (1300 L) as a result of the study carried 
out on Anatolian buffaloes in Turkey. These differences 
in milk yield may result from differences in nutritional 
and management practices (Charlini and Sinniah, 2015).

The effect of county on LMY was found significant 
(P <0.001) in this study. Soysal et al. (2018) was found 
the effect of region significant in their study on Anato-
lian buffaloes in İstanbul, which is consistent with this 
study. The highest LMY was calculated in Amasra, while 
the lowest in Central County. These results suggest that 
Amasra is a suitable region for buffalo breeding. The ef-
fect of the calving season on LMY found non-significant 
(P>0.05) in this study. It was observed that buffaloes that 
calved during winter and autumn seasons possess more 
milk production than calved at the other seasons (Table 
2). Soysal et al. (2018) found the effect of season on LMY 
was important contrary to these findings. However, they 
reported the highest milk yield from buffaloes calved du-
ring the autumn and winter seasons as well. Similarly, 
Catillo et al. (2002) have determined the highest LMY at 
buffaloes calved in winter and lowest in summer. Şahin 
and Ulutaş (2014) stated that the main reasons for lower 
milk yields in summer are temperature stress, the vege-
tation of pastures, and difficulties at feed supply. On the 
other hand, the low LL of buffaloes that calved in sum-
mer in this study may have caused LMY to be lower than 
other seasons.

Buffaloes are influenced by different air tempera-
tures in different seasons. They stay longer in barn in the 

winter, therefore milking for a longer time by feeding in-
side could provide an opportunity to obtain higher milk 
yield from buffaloes calved during winter. The region 
where the research is conducted comprises generally 
family-type traditional farms. Produced buffalo milk is 
sold in local markets either as raw milk or by converting 
it into various dairy products (usually buffalo yoghourt) 
can thus contribute substantially to the family economy. 
Considering all these factors, a high level of LMY of buf-
faloes that are reared in intensive conditions during the 
winter is an indication of given importance to buffaloes 
in this period in terms of care and nutrition. Similarly to 
these findings, Kul et al. (2016) in Anatolian buffaloes 
and Ghaffar et al. (1991) in Nili-Ravi buffaloes reported 
that calving season had no significant effect on milk 
production. Afzal et al. (2007) stated that climate stress 
factors can be minimized and overcome through better 
nutrition and management.

The effect of calving year (P <0.001) and age (P 
<0.05) on LMY were found significant in the study. The 
highest milk yield was reached in 2018, while the low-
est milk yield was achieved in 2015 (Table 2). The altera-
tion in milk yield observed in different years reflected 
the level of management and environmental impacts at 
the farm. The level of management varies according to 
the skills of farmers, cultivating and rearing system, se-
lection method, and density (Khan, 1986). Catillo et al. 
(2002), Şahin and Ulutaş (2014) findings confirmed the 
noticeable effect of calving age on LMY. In this study, the 
highest LMY determined from buffaloes calved at 9-10 
years of age and lowest LMY at 3-4 years of age. It was 
observed that LMY gradually increased after the age of 
calved at the age of 9-10 and decreased after the age 
of 11≤. Similar results obtained by Koçak et al. (2019) 
the highest milk yield at the age of 9, and the lowest 
reported at ≤4. Bashir et al. (2015) emphasized that age 
may be a more precise factor to be included in models 
to be utilized in lactation milk yield. Since the culling of 
buffaloes with lower milk yield from the herd and the 
expansion of this process contribute to obtaining better 
LMY than the herd in subsequent lactations (Khan et al., 
1997).

The effect of lactation number on LMY was found 
statistically non-significant (P>0.05), similar to Pawar et 
al. (2012)’s findings. On the contrary, Afzal et al. (2007) 
reported that the effect of lactation number on LMY was 
found statistically significant. Lowest LMY was obtained 
at 1th, while the highest was achieved at 4th and 5th. lac-
tations confirming Marai et al. (2009)’s findings related 
to reaching highest LMY at 4th and 5th lactation number. 
Furthermore, Afzal et al. (2007) and Khosroshahi et al. 
(2011)’s findings have promoted these results by their 
reports for obtaining the lowest LMY at 1. lactation. It 
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was observed that in this study, as lactation number 
increased, LMY increased regularly (Table 2). This in-
creased milk production in subsequent lactations can 
be explained by the continuation and maturation of the 
mammary gland.

The average CI value for Anatolian buffaloes (426.35 
± 2.91 days) (Table 1)  was determined higher than the 
values found in the studies by Marai et al. (2009) (402.6 
day) on Egyptian buffaloes and Soysal et al. (2018) (417 
days)  on Anatolian buffaloes. Although CI was relatively 
high in the study conducted by Tekerli et al. (2001) they 
found as 441.9 days similar to this study. On the other 
hand, from India conducted by Hussain et al. (2006) 
(473.7 days) on Nili-Ravi buffaloes, Charlini and Sinniah 
(2015) (470 days) from Sri Lanka, and Koçak et al. (2019) 
(450.3 days) on Anatolian Buffaloes obtained higher CI 
values than this study.

The effect of county on CI was found non-significant 
(P >0.05) in this study similar to Soysal et al. (2018)’s 
findings. The highest CI was observed in Central County, 
while the lowest in Ulus county. This result shows that 
the buffalo breeders in Ulus county are more meticulous 
in reproductive traits and estrus monitoring. CI value 
was linearly decreased, as lactation number increased, 
coherently with Cady et al. (1983) and Charlini and Sin-
niah (2015)’s findings. The effect of calving season on 
CI was found statistically significant (P<0.05), similar to 
the Tekerli et al. (2001) and Koçak et al. (2019)’s find-
ings at Anatolian buffaloes and Marai et al. (2009)’s find-
ings at Egyptian buffaloes. On the other hand, Soysal et 
al. (2018) found the effect of calving season on CI was 
non-significant. In the study, the longest CI value was 
observed in Anatolian buffaloes calved in winter, while 
the shortest value was observed in buffaloes calved in 
winter. Bashir et al. (2015) and Koçak et al. (2019) sup-
port that results by finding the longest CI value in buf-
faloes that calved in winter, the shortest CI in buffaloes 
that calved in summer. The shortest CI obtained from 
the buffalo calved in summer can be explained by the 
occurrence of postpartum estrus and conception period 
in the winter. The reduction at daylight and air tempera-
ture in winter and autumn seasons may increase the re-
productive activity in the buffaloes. As a matter of fact, 
Hafez (1955) reported that sexual activity was observed 
in some buffaloes at the onset of autumn. Likewise, 
Soysal et al. (2018) detected that the effect of calving 
year, calving age, and lactation number on CI was signifi-
cant in a study conducted in Anatolian buffaloes. Similar 
results were reported by some researchers (Hussain et 
al., 2006; Marai et al., 2009; Charlini and Sinniah, 2015) 
as the effect of lactation number on CI was significant. 
On the contrary, Tekerli et al. (2001) reported that the 
effect of lactation number and age on CI was not signifi-

cant in Anatolian buffaloes. In this study, it was observed 
that with the increase of calving age, the duration of 
CI increased. From this, it can be concluded that CI is 
prolonged as a result of the fact that buffaloes cannot 
conceive regularly due to reasons such as farm manage-
ment and abduction of the oestrus cycle.

It was determined that the positive phenotype cor-
relation between LMY and LL is high and  siginificant (Ta-
ble 3). Similar to this study, many researchers reported 
that the correlations between LMY and LL are high and 
significant in buffaloes (Khan et al.1997; Afzal et al. 2007; 
Galsar et al. 2016; Rathod et al. 2018). Phenotypic cor-
relation between CI and LL and between CI and LMY was 
found significant, positive and very low (Table 3). Rathod 
et al. (2018) and Jakhar et al. (2016) reported that the 
phenotypic correlation between CI and LL is significant 
and positive, similar to this study. However, unlike this 
study, the correlation coefficient was found to be high in 
the same study. Similar to this study, Rathod et al. (2018) 
found a positive and low relationship between CI and 
LMY. On the other hand, Jakhar et al. (2016) reported 
that there is a significant, low and negative relationship 
between CI and LMY. 

Conclusion

Taking measures to ameliorate maintenance, feed-
ing, and herd management will improve the current situ-
ation of the farms and contribute to productivity, in the 
buffalo farms in Bartın. Among the environmental fac-
tors examined in the research; the effects of the county, 
calving year and age on milk yields, and calving year, 
season, age, and parity on CI were found to be signifi-
cant. Stud selection and breeding studies can be done 
considering these important environmental factors in 
order to improve milk yield and other performances of 
buffaloes. Also, calving can be planned according to the 
winter since milk yield found highest in the buffaloes 
that calved in the winter.
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Abstract

In this study, it was aimed to determine the morphological features, body mea-
surements and weights of South Karaman sheep, which is preferred especially 
by nomadic breeders in Mersin. The animal material of the study consisted of 
100 head South Karaman sheep raised in the nomadic system in Tarsus district of 
Mersin province. The sheep which remained in the tent in the Bahşiş village that is 
neighbour of the Tarsus district of Mersin province in winter period, and then they 
migrated to the Çilnili Lake, which is located within the borders of Çamlıyayla 
district of Mersin province from the beginning of June to the end of October. In 
the study, morphological features were determined by observation, and body 
measurements and weights were determined by measuring. At the end of the 
study, it was determined that the South Karaman sheep are generally black or 
blackish ash colour. Males of this breed are usually horned and females are horn-
less. It was also determined that there is an “S” shaped structure at the end of the 
fat tail in South Karaman sheep.

Introduction

Turkey with the high size of sheep, goats and the 
cattle population is among the leading countries in the 
world. However, it can be said that sheep population 
of Turkey decreased by 16.7% in the last quarter cen-
tury although it has increased in recent years (Hayvansal 
Üretim, 2018). This decrease is mainly due to the incen-
tives or supports applied to dairy cattle breeding, reduc-
ing in pasture areas and terrorism problems. The fact 
that sheep breeders prefer to be intensive cattle raising 
has increased milk production in Turkey and caused seri-
ous problems in meat production. At this point, since the 
climate and pasture characteristics are not suitable for 
dairy cattle in most of the country the increasing feed 
prices cannot cover the cost of milk.  It is known that Tur-
key’s pastures that usually has poor quality are suitable 
for sheep rather than cattle. In sheep breeding, there are 

both breeds with high genetic potential suitable for in-
tensive production and domestic breeds with low yield 
capacity suitable for traditional production.

Although not involved in the Turkish Statistical 
Institute data, we know that the different breeds are 
raised in different regions of Turkey. For example, White 
Karaman, Red Karaman, South Karaman, Sakız, Awassi, 
Hamdani, Herik and Merino sheep are bred in Mersin. In 
the region where nomadic sheep breeding is still wide-
spread, the nomadic breeders prefer the South Karaman 
sheep (named as Güney Karaman in Turkish) mostly be-
cause it is resistant to natural conditions (Bebek and Ke-
skin, 2018). 

There is not much information about South Kara-
man sheep in the literature. However, it can be said that 
the South Karaman sheep is a breed that is under threat 
of extinction in terms of pure breeding. Although it is 
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evaluated this breed is located in the Mediterranean 
region covering the provinces of Antalya, Mersin, Ad-
ana, Gaziantep and Hatay (Özcan, 1989), it is estimated 
to be the most common in and around Mersin. These 
sheep, which are accepted as a variant of Karaman 
sheep (Özcan, 1989) are generally raised in a nomadic 
system. It is mostly raised as herds by nomads named as 
Yörük. Although it has been pointed out in various sourc-
es that it exists in our country, it is seen that there are 
not sufficient and detailed studies on the morphological 
and physiological characteristics of the South Karaman 
sheep. In this study, it was aimed to determine the mor-
phological features, body measurements and weights of 
South Karaman sheep.

Materials and Methods

The animal material of the study consisted of 100 
head female and 10 head male South Karaman sheep 
raised in the nomadic system in Tarsus district of Mersin 
province. The flock was managed under breeders’ con-
dition. The herd remained in a tent in the district of Tar-
sus, of Mersin province (36 ° 46 ‘North and 34 ° 54’ East) 
from 01 November 2017 until 30 May 2018. After this 
date, they migrated to the Çinili Lake (37 ° 38 ‘North and 
34 ° 51’ East) located in the borders of Çamlıyayla dis-
trict of Mersin, with an altitude of approximately 2500 
m. They returned to Tarsus again on October 20, 2018.

In addition to the pasture, 60 kg of straw and 50 
kg of concentrate feed were given to the animals dur-
ing their stay in Tarsus (40 heads primiparous, 52 heads 
multiparous, 4 heads infertile and 4 heads aborted). The 
feeding of animals was provided only by grazing in the 
pasture during the highland period.

One ram was used for 10 head female animals in 
mating period. The rams were constantly kept in the 
herd and the dates they mated were recorded. If a sheep 
did not show oestrus after mating, it was accepted that 
she became pregnant. The births started from Novem-
ber 2017 and continued until April 22, 2018.

Body length, withers height, rump height, front 
chest width, front chest depth and chest circumference 
were determined as specified by Boztepe et al. (1997). 
All ewes were weighed both on the last 30-45 days of 
pregnancy and the day after birth. Fleece colour, ear 
structure, horn condition, horn structure and tail struc-
ture were determined by evaluating the animals one by 
one.

The mathematical model for body weight and sizes 
is as follows;

Yij = µ + αi + eij

Yij, recorded value of the ewes in the ith age group

µ, mean of the population
αi, effect of age groups
eij, error term
Statistical analysis of the study was evaluated with 

SPSS package program (SPSS Statistic 17.0.Ink).

Results and Discussion

Morphological Characteristics

Morphological features are features related to co-
lour, shape, size of size and type, which can be seen im-
mediately when viewed from the outside. Each breed 
has its own colour and even pattern. In this study, it was 
determined that South Karaman sheep are usually black 
or blackish ash colour (69%), but also dark brown and 
pied individuals can be found (Figure 1, 2, 3 and 4). It 
has been reported by various researchers that South 
Karaman sheep is generally black in color, and it is seen 
in brown, ash, white and pied colours (Özcan, 1989; 
Öztürk, 2000). Özcan (1989) reported that black colour 
turned into ash colour with the advancement of age in 
South Karaman sheep as in Karakul sheep. In the present 
study, it was determined that the South Karaman sheep 
have medium length and drooping ears and the males 
are horned. The spiral shaped and curved forward horn 
can be seen in Figure 1 and the short and thin horn can 
be seen in Figure 2 in the rams.

It is observed that the females are generally horn-
less in the South Karaman sheep (Figure 3). In the study, 
the rate of horned females was determined as 3%. Özcan 
(1989) reported that male horned females rarely horned 
in South Karaman sheep. In Karagül sheep, which are 
considered to be related with South Karaman sheep, 
male individuals are horned and female individuals are 
hornless (Uğur, 2006).

Figure 1. South Karaman ram with spiral horns.
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Figure 2. South Karaman ram with short and thin horns.

Figure 3. South Karaman female sheep.

Figure 4. View of the tail structure in the sheared South 
Karaman sheep.

In the study, it was determined that there is an S-
shaped structure at the end of the tails of the sheep. The 
“S” shaped structure at the tip of the tail in the South 
Karaman sheep with fat tail is one of the distinctive fea-
tures of this breed (Figure 4).

In the paper on the Registration of Domestic Ani-
mal Breeds and Lines published by the Ministry of Agri-
culture and Forestry, it is stated that the South Karaman 
sheep are fatty tailed and the tip of the tail hangs down 
in the form of fingers or “S” (Yerli Hayvan Irk ve Hatları-
nın Tescili Hakkında Tebliğ, 2004; Küçükbaş Hayvan Se-
çimi, 2013; Cografya Dünyası, 2014). As stated also by 
Hunter (2015), the tail end in an “S” shaped formation in 
Karagül (Karakul) sheep.

South Karaman is the most preferred breed by 
nomadic breeders in Mersin region because it is suit-
able for nomadic animal husbandry (Bebek and Keskin, 
2018). Because they are resistant to difficult conditions, 
nomadic breeders prefer to breed South Karaman as 
pure as possible. The fact that South Karaman sheep 
is preferred in sheep breeding with nomadic system in 
Mersin region by different researchers (Aydın and Kes-
kin, 2018; Bebek and Keskin, 2018; Karagöl and Keskin, 
2018) indicate that the system is sustainable with na-
tive breeds despite various difficulties. The migration 
of South Karaman sheep from the sea level to the high 
plateaus and continuing its life in conditions that can be 
called extensively in areas with very different altitudes 
causes this breed to be preferred by the breeders. Other 
reasons why nomadic breeders prefer this breed are the 
fact that they give a lamb per year (breeder do not want 
many births because of low milk yield of dams), they 
are resistant to diseases, and have long walking ability 
due to nail structure. Özcan (1989) stated that the South 
Karaman sheep, which has high tolerance to heat and 
cold, has been grazing up to 2000-2500 m altitude in 
spring and returned to the seaside in autumn. Ertuğrul 
et al. (2005) reported that South Karaman sheep, like 
all domestic breeds, are very well adapted to insuffi-
cient environmental conditions as they are bred in the 
region for many years. This breed is both durable and 
that they can birth even under insufficient environmen-
tal conditions. Karakul sheep, considered to be related 
to Southern Karaman sheep, are also extremely resistant 
to harsh conditions and can live in desert conditions and 
consume saltwater (Hunter, 2015).

Body Measurements and Live Weights

Body measurements and live weights are important 
features that can be used to differentiate breeds and are 
therefore used in breed definitions. From these mea-
sures, especially live weight can change before and after 
birth (Table 1). Also, since the animal can continue to de-
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velop after giving birth for the first time, the age of the 
animal may also have an effect on body measurements 
and weights (Table 2).

Table 1. Variation of live weights with birth type in South Kara-
man sheep (x ̄± se)

Traits Single (60) Twin (32) P Total

Live weight1 50.6±0.87 58.9±0.99 <0.01 53.2±0.77

Live weight2 44.6±0.86 49.3±0.94 <0.05 46.1±0.69

Live weight1, live weight in the last 30-45th days of gestation; Live 
weight2, live weight after birth; x,̄ mean; se, standard error

As can be seen from Table 1, the average body 
weight of ewes taken after birth was 50.6 ± 0.87 and 
58.9 ± 0.99 kg in the single and twin births, respec-
tively (P <0.01). It was determined that the mean body 
weight difference, which was 8.3 kg between the single 
and twin births, decreased to 4.7 kg by decreasing in 
weighting made after birth, and the live weights for both 
groups were 44.6 ± 0.86 and 49.3 ± 0.69, respectively. It 
is normal for the sheep that give twin birth have higher 
prenatal body weight than those who give single birth 
when maintenance and feeding are sufficient (Demirel 

et al., 2000). Effect of the age of the experimental ewes 
on their body weight and body measurements are seen 
in Table 2. These findings show that the growth and de-
velopment for South Karaman ewes continues after the 
age of 2. These values determined in the experimental 
South Karaman sheep are similar to the values report-
ed by different researchers (Ayhan, 2015; Yılmaz et al., 
2013). Thus, Ayhan (2015)  reported wither height, body 
length, and adult body weight as 63 cm, 58 cm and 37 
kg, respectively for South Karaman sheep. Same way, 
Yılmaz et al. (2013) informed these values for same 
characters as 63 cm, 58 cm and 47 kg, respectively. Akay 
et al. (2018) reported chest circumference, height of 
wither, height of rump, body length, width of front chest 
and width of rump in South Karaman ewes as 84.49 cm, 
62.95 cm, 62.72 cm, 61.55 cm, 17.51 cm and 18.87 cm, 
respectively. It is seen that the values determined in the 
current study are compatible with the body size values 
reported by Akay et al. (2018). The differences between 
the values of body measurements determined in the 
present study and those reported for Karakul sheep by 
Erol and Akçadağ (2009) may have caused from the dif-
ferences in breeding conditions and breeds.

Table 2. Change of body weight and body size in experimental sheep according to age (x ̄± se)

Traits 18-24 months (n=40) 36 months and up (n=52) P Total
Body weight1 47.5±1.06 57.1±0.75 <0.01 53.2±0.77
Body weight2 41.0±0.90 49.3±0.70 <0.01 46.1±0.69
Wither height 63.0±0.33 64.5±0.27 <0.01 63.9±0.22
Rump height 64.9±0.36 66.4±0.28 <0.01 65.8±0.23
Body length 58.7±0.67 61.5±0.46 <0.01 60.4±0.41
width of front chest 19.6±0.24 20.7±0.20 <0.01 20.3±0.20
Chest circumference 99.1±1.11 106.7±0.79 <0.01 103.6±0.75

Live weight1, live weight in the last 30-45th days of gestation; Live weight2, live weight after birth; x,̄ mean; se, standard error

Relationships Between Body Weight and Body 
Measurements

The relationship between live weight and different 
body measurements, especially chest circumference, 
in sheep and goats is expressed by different research-
ers (Gül et al,, 2005; Koç and Akman, 2007; Şahin et 
al., 2018). These relations allow to using of the size of 
the chest circumference, which is more practical than 
weighting the animal, in market conditions where the 
animal trade is based on live weight.

The correlation coefficients and the statistical sig-
nificance levels between the different body measure-
ments and live weight values determined from the ex-
perimental sheep are given in Table 3. Although there 

were significant (P <0.01) correlations between the fea-
tures mentioned in Table 3, regression equations have 
been created for the relationship between chest circum-
ference and body weight, which have the highest cor-
relation coefficient and practical usage.

Accordingly, the regression equations between 
body weight and chest circumference for gestational 
period and after birth period were formulated as “Live 
weight= -23.5+0.74 x Chest circumference” and “Live 
weight = -17.1+0.61 x Chest circumference”, respectively.

The correlation coefficient between these two 
properties for same periods were calculated as 0.711 
and 0.658, respectively (P <0.01). Live weights estimat-
ed by the calculated regression equation were given in 
Table 4.
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Table 3. Correlation coefficients between different body sizes and weights

LW1 LW2 WH RH BL FCW CC
LW1 1 0.964** 0.343** 0.415** 0.354** 0.577** 0.711**
LW2 1 0.312** 0.357** 0.343** 0.539** 0.658**
WH 1 0.791** 0.504** 0.321** 0.376**
RH 1 0.537** 0.387** 0.440**
BL 1 0.289** 0.360**
FCW 1 0.654**

CC 1

LW1,live weight in the last 30-45th days of gestation; LW2, live weight after birth; WH, Wither height; RH, Rump height; BL, Body length; FCW, 
width of front chest; CC, chest circumference; **, P<0.01

Table 4. The relationship between live weight during pregnan-
cy and chest circumference

Last 30-45th days of gestation
CC 90 92 94 96 98 100 102 104 106 108
LW 43.1 44.6 46.1 47.5 49.0 50.5 52.0 53.5 54.9 56.4
After Birth
GÇ 90 92 94 96 98 100 102 104 106 108
CA 37.8 39.2 40.2 41.5 42.7 43.9 45.1 46.3 47.6 48.8

CC, chest circumference, LW, Live weight  

This type of correlation and regression study has 
not been found in the literature in South Karaman ewes. 
However, they were reported correlations between live 
weight and body measurements ranging from 0.674 to 
0.788 (P <0.01), and expressed the regression equation 
between live weight and chest circumference as “live 
weight = -51.8 + 1.04 chest circumference” for Anatolian 
Merino ewes by Şahin et al. (2018). 

Conclusions
The production purpose in sheep breeding can vary 

according to the countries. As concepts such as global 
climate change and organic production, became wide-
spread in Turkey the importance of native breeds raised 
for both milk and meat is better understood. In addition, 
considering the suitability of nomadic breeding, South 
Karaman sheep is an important local gene source. In this 
study, the followings have been stated as conclusions; 
(a) this breed has generally black or blackish ash and 
dark brown colours, males were horned and females 
were hornless, has a fatty tail with an “S” shaped exten-
sion at the end, (b) there were statistically significant 
correlations between different body measurements and 
body weight scales and the highest correlation coeffi-
cient was determined between body weight and chest 
circumference, (c) Live weight can be estimated safely by 
measuring the chest circumference in the establishment 
where it is not possible to weigh the sheep. 
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Abstract

Visna/maedi (VM) is an incurable viral disease of sheep causing serious produc-
tion losses across the globe. Classical control measures against VM such as screen-
ing and culling are costly and time-consuming. Breeding VM resistant sheep could 
provide an opportunity for struggling with the VM and decreasing the economic 
loss. In this study, we aimed to investigate possible associations between two pre-
viously reported single nucleotide polymorphisms (SNPs) in the ovine DPPA2 and 
SYTL3 genes and VM serostatus, and evaluate implementation of selective breed-
ing strategies against VM in Karacabey merino, Kivircik, Imroz, and composite 
breeds; Bandirma, Hampshire crosses (HAMP), Ramlic and Black-headed German 
mutton crosses (SBA) which are reared in Marmara region of Turkey. For this pur-
pose, we genotyped the sheep which VM serostatus were determined previously. 
The genotyping results showed that these SNPs in the DPPA2 and SYTL3 genes are 
polymorphic. We have conducted an association analysis with an experimental 
design using case-control matched pairs. Finally, a power analysis was performed 
to determine the power of the statistical analysis. According to our findings, with-
in our detection limits (the minimum odds ratio 2.5 to 2.8; CI 95; statistical power 
0.96; p-value < 0.05), there was no significant association between the SNPs in the 
DPPA2 and SYTL3 genes and VM serostatus. Therefore, these SNP markers are not 
useful to selective breeding against VM in Turkish sheep.

Introduction

Visna/maedi (VM) is a viral infection in sheep 
caused by lentiviruses and characterized with a long 
incubation period, slow progression, weight loss and 
eventually death. Although it is a multisystemic disease, 
there are two main manifestations of VM: visna (pro-
gressive inflammation of the central nervous system) 
and maedi (respiratory form characterized by interstitial 
pneumonia). Because of pathogenic and genetic similar-
ity between VM virus and Caprine arthritis encephalitis 
virus (CAEV), both viruses called to be small ruminant 
lentiviruses (SRLV) (Gomez-Lucia et al., 2018). Further-
more, VMV share common features such as genome or-
ganization, virus replication mode, and latency with HIV 
virus that is causative agent of Acquired immunodefi-
ciency syndrome (AIDS) in humans (Andrésdóttir, 2018). 

The main transmission route of VMV is from mother to 
lamb via colostrum and milk, however aerosol route ei-
ther in close contact or up to several meters is another 
common mode of transmission (Peterhans et al., 2004). 
There is no effective treatment and also a commercial 
vaccine not available for VM (Gomez-Lucia et al., 2018), 
thus, disease control strategies generally are based on 
serological screening and culling infected animals (Pépin 
et al., 1998).

VM is distributed in sheep industry across the globe 
and responsible for serious production loss. VM preva-
lence have been reported as 24.8% in Spain (Lago et al., 
2012), 71% in Lebanon (Tabet et al., 2017), from 10.5 to 
21.6% in Ethiopia (Ayalet et al., 2001), 28.8% in Germany 
(Huttner et al., 2017), from 20 to 60% in the UK (Ogden 
et al., 2019), 34.8% in Kosovo (Cana et al., 2020), and 
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from 3.3 to 96.7% in Canada (Heinrichs et al., 2017). In 
Turkey prevalence of VM was reported between 2.7 to 
77.9% (Burgu and Toker, 1990; Yavru et al., 2012; Muz 
et al., 2013). 

Due to no available treatment and/or immuniza-
tion to struggle with VM, efforts turned towards genetic 
research to identify the underlying host genetic factors 
against VM. Various studies have proposed a number of 
candidate loci to be associated with VM disease status 
(Herrmann-Hoesing et al., 2008; White et al., 2009; Lar-
ruskain et al., 2010; Sarafidou et al., 2013). However, a 
major gene (TMEM154) was reported to be associated 
with host susceptibility/resistance to VM in a genome-
wide association (GWA) study using case-control design 
(Heaton et al., 2012), and this result was confirmed by 
subsequent independent studies (Molaee et at., 2018; 
Molaee et al., 2019; Yaman et al., 2019). Moreover, SNP 
markers in the ovine DPPA2 and SYTL3 genes were re-
ported by another GWA study to be potential co-recep-
tors for VM infection White et al., 2012).

The aim of present study was to investigate wheth-
er there is an association between SNP markers in the 
DPPA2 and SYTL3 genes and VM serostatus in Turkish 
sheep. To this end, a retrospective cohort study was 
performed to determine serostatus of sheep which 
have been reared at Sheep Breeding and Research Insti-
tute (SRI) in the same environmental and management 
conditions. A case-control matched pairs panel was 
constructed and samples were genotyped using single 
nucleotide primer extension (SNuPE) assay. Finally, a 
McNemar’s test (McNemar, 1947) for correlated propor-
tions was conducted to determine any significant asso-
ciation between SNPs of interest and VM serostatus in 
Turkish sheep.

Material and Methods

Animals

Native Turkish sheep; Karacabey merino, Kivircik, 
Imroz, and composite breeds; Bandirma, Hampshire 
crosses (HAMP), Ramlic and Black-headed German mut-
ton crosses (SBA) were used to study of which serologi-
cal VM status were previously determined with indirect-
ELISA in 2017 (Yaman et al., 2019). All sheep were from 
a research flock that have been bred in SRI. For genetic 
analysis, a tube of peripheral whole blood with EDTA 
was collected from V. jugularis in aseptic conditions. 
Sampled animals were two years old or older. A case-
control matched pairs panel was constructed, and ge-
netic analysis performed on matched pairs. 

DNA isolation was conducted using commercial 
spin-column kits according to the manufacturer’s manu-
al. Primers were designed using primer blast online tool 

(https://www.ncbi.nlm.nih.gov/ tools/primer-blast/). 
A multiplex polymerase chain reaction (PCR) was em-
ployed to amplify the regions of the ovine DPPA2 and 
STYL3 genes covering the target SNPs. Single nucleotide 
primer extension (SNuPE) experiment was designed to 
genotype target SNPs at the same time. Briefly, exten-
sion primers without fluorescent tag were designed for 
each SNP in different lengths (18 vs 26bp) to bind one 
base prior to the target SNP. Then, SNaPshot™ Multi-
plex Kit (Thermo Fisher Scientific Inc., USA) was used for 
SNuPE assay in standard thermal cycler. Throughout the 
SNuPE reaction, it was expected that the fluorescently 
labeled ddNTPs bind exactly to the target nucleotide and 
chain termination reaction occurs. Finally, after incuba-
tion with shrimp alkaline phosphatase (SAP) for enzy-
matic purification, reaction products were subjected to 
capillary electrophoresis with fragment analysis protocol 
on ABI 3500 sequencer platform. Amplification primers, 
extension primers and a summary of the genotyped 
SNPs are provided in Table 1. Chromatograms were vi-
sualized using GeneMapper v6 software. To confirm the 
SNuPE results, approximately 10% of the samples were 
sequenced for each SNP.

Genetic association studies require maximum 
control of other factors, particularly for disease traits. 
Exposure intensity and exposure duration are two major 
factors affecting the disease status. Additionally, breed 
effect (population stratification or population structure) 
is another major factor on the results of association 
analyses. To account for exposure duration, exposure 
intensity and breed effect, case-control matched pairs 
were constructed. Briefly, a seropositive ewe matched 
with a seronegative from the same breed (for breed 
effect), the same age (for exposure duration) and the 
same flock (for exposure intensity), and statistical 
analysis was performed over case-control matched pairs. 
For DPPA2, 127 matched pairs (127 case and 127 control; 
n= 254) and for STYL3, 131 matched pairs (131 cases, 
131 controls; n= 262) were constructed. Matched pairs 
panel according to breed and ages are given in Table 2. 
To determine whether there is any association between 
interested SNPs and VM serostatus a McNemar’s test 
for correlation proportion was conducted. Association 
analysis was performed for three heritability model:1-
exactly one copy of allele provides genetic risk or 
protection, 2-one or two copies of allele provides genetic 
risk or protection, and 3- exactly two copy of allele 
provides genetic risk or protection. Matched pairs were 
assigned to be (1;1), (1;0), (0;1), and (0;0) where in (1;1) 
pairs, either case and control members of the pair have 
the risk/protection factor, in (1;0) pairs, the case has 
the risk/protective factor but control does not, in (0;1) 
pairs, the case does not have the risk/protection factor 
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but the control has, and in (0,0) pair, neither of the case 
nor the control have the risk/protection factor. Assigned 
pairs were manually arranged and McNemar’s test 
was perfomed an online tool (https://www.graphpad.
com/quickcalcs/McNemar1.cfm) using number of each 

assigned pairs. It is expected for a significant association, 
the sum of discordant pairs (1;0 and 0;1) must be greater 
than 25. Finally, a power analysis using G*Power v3.1.9.4 
(Faul et al., 2009) software was conducted to check the 
statistical power of the study for each SNP marker.

Table 1. A summary of amplification and extension primers

Primer ID Amplification primers PCR Size Extension primers Size (bp) SNP rs

styl3-F GCTTCTCAATTCCGCCCTTTC
791 CTTTGAAGACGGCTGCTT 18 A/C/T rs413063847

styl3-R CTAGGCGCTATGGTGAGCTG
dppa2-F TGAAGTTACCACCTCAACCGT

884 GTGATGATTTAGGAATAT 
ACTGCAAA 26 C/T rs411941451

dppa2-R GATCTCTGGTGCTTGGAACA

Table 2. Distribution of matched pairs according to breeds and ages

DPPA2 STYL3
Ages Ages

Breeds 8 7 6 5 4 3 2 Total 8 7 6 5 4 3 2 Total
Karacabey merino - 2 3 2 3 4 1 15 - 3 2 2 3 3 1 14
Kivircik - 7 11 9 7 4 - 38 - 9 12 9 7 4 - 41
Imroz - - 6 6 2 2 1 17 - - 6 6 2 2 1 17
Bandirma 3 11 11 14 9 3 - 51 4 13 12 14 8 3 - 54
HAMP - - 2 - 1 - - 3 - - 2 - 1 - - 3
SBA - - - - - 2 - 2 - - - - - 2 - 2
Ramlic - - 1 - - - - 1 - - - - - - - -
Total 3 20 34 31 22 15 2 127 4 25 34 31 21 14 2 131

Results

SNuPE assay results revealed that each SNP marker 
in the DPPA2 and STYL3 genes were polymorphic for all 
breeds except Ramlic. Only two matched pair were avail-
able from Ramlic ewes for the SNP in DPPA2 gene, nev-
ertheless these four sheep were monomorphic regard-
ing this SNP. Minor allele frequency (MAF) for the SNP 

in DPPA2 ranked from 0.13 (SBA) to 0.50 (Imroz) and for 
the SNP in STYL3 ranked from 0.25 (SBA) to 0.44 (Imroz, 
Table 3). For the SNP in DPPA2 in Imroz and Ramlic and 
for the SNP in STYL3 in Karacabey merino and Hampshire 
crosses minor alleles have turned to be a major allele. 
Sequence results for 10% of the samples for each SNP 
were in 100% concordance with SNuPE assay.

Table 3. Allele distribution of DPPA2 and STYL3 SNPs according to breeds

 DPPA2 STYL3
Breeds n HW MAF Alleles n HW MAF Alleles
Karacabey merinos 30 0.52 0.20 T/C 28 1.00 0.42 T/C
Kivircik 76 0.53 0.35 T/C 82 0.42 0.43 C/T
Imroz 34 0.44 0.50 C/T 34 1.00 0.44 C/T
Bandirma 102 0.84 0.24 T/C 108 0.36 0.27 C/T
HAMP 6 1.00 0.08 T/C 6 0.48 0.42 T/C
SBA 4 1.00 0.13 T/C 4 1.00 0.25 C/T
Ramlic 2 1.00 - C/T - - - 0
Total 254 262
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McNemar’s test for correlated proportion revealed 
that number of discordant pairs were greater than 25 for 
all three scenario (exactly one allele, one or two allele, 
and exactly two allele provide risk or protection factor) 
except “one or two allele” model for STYL3 gene. Statis-
tical power analysis was performed over real percent of 
discordant pairs and sample size. Detection limits of the 
study were determined to have statistical power as 0.96, 

minimum odds ratio as 2.5; CI as 95; p-value < 0.05 for 
the SNP in DPPA2, and statistical power as 0.96, mini-
mum odds ratio as 2.8, CI as 95; p-value < 0.05 for the 
SNP in STYL3. Statistical analysis did not indicate any sig-
nificant association between the SNP markers in DPPA2 
and STYL3 with VM serostatus within our statistical lim-
its (Table 4).

Table 4. McNemar’s test for VM association with DPPA2 and STYL3 SNP markers.

   SNP ID
 McNemars pair status and test statisticsa McNemar’s quadrants and equationsb DPPA2 STYL3
Exactly one copy of risk or protective allele

1,1 “a” 29 23
1,0 “b” 35 27
0,1 “c” 34 32
0,0 “d” 29 49
Total pairs a+b+c+d 127 131
Discordant pairs b+c 69 59
OR b/c 1.0 0.8
CI95 Lower - 0.6 0.5
CI95 Upper - 1.7 1.4
McNemar’s χ2d (|b - c| - 1)2/(b + c) 0.0 0.3
p-value - 0.19 0.17

One or two copies of risk or protective allele
1,1 “a” 53 105
1,0 “b” 24 10
0,1 “c” 33 13
0,0 “d” 17 3
Total pairs a+b+c+d 127 131
Discordant pairs b+c 57 23
OR b/c 0.7 0.8
CI95 Lower - 0.4 0.3
CI95 Upper - 1.2 1.8
McNemar’s χ2 (|b - c| - 1)2/(b + c) 1.1 0.2
p-value - 0.10 0.27

Exactly two copies of risk or protective allele
1,1 “a” 3 35
1,0 “b” 10 30
0,1 “c” 20 28
0,0 “d” 94 38
Total pairs a+b+c+d 127 131
Discordant pairs b+c 30 58
OR b/c 0.5 1.1
CI95 Lower - 0.2 0.6
CI95 Upper - 1.1 1.8
McNemar’s χ2 (|b - c| - 1)2/(b + c) 2.7 0.0

 p-value - 0.06 0.20
aEach member of a case-control pair is assigned a value of “1” or “0” depending on whether the risk/protective factor is present (1) or absent (0). 
Briefly, in (1,1) pairs, either case and control members of the pair have risk/protection factor, in (1,0) pairs, case has risk/protective factor but con-
trol not, in (0,1) pairs, case not has risk/protection factor but control have, and in (0,0) pair neither of case and control have risk/protection factor.
bThese are quadrants from the McNemar’s contingency table for classifying pairs.
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Discussion
VM is among the most prevalent disease in sheep 

industry worldwide. Only Australia and New Zealand 
have been considered to be MV free, but not for the 
CAEV, the goat type of the SRLV. Furthermore, while 
Japan has also been considered free from MV, recent 
studies showed the presence of the VM virus in this 
country (Gomez-Lucia et al., 2018). In addition to having 
no treatment or vaccine, vertical transmission via colos-
trum from ewe to lamb makes it much more difficult to 
struggle with VM. Moreover, control measures such as 
screening, culling and restocking have been found to be 
expensive and time consuming (Pépin et al., 1998; Ber-
riatua et al., 2003; Ruiz-Fons et al., 2014). Nevertheless, 
it should be kept in mind that even if MV eradication is 
achieved by classical control measures, the flocks will 
remain susceptible against VM, thus, possibility of new 
infection by vectors or by infected ewes joining the herd 
from other flocks will remain as a threat for sheep herds.

On the other hand, breeding for VM resistant 
sheep could provide an opportunity to struggle with 
VM. For this reason, a variety of research on molecular 
mechanisms underlying host genetic factors against VM 
have been conducted. Herrmann-Hoesing et al. (2008) 
tested the possible association between DRB1 gene in 
Ovar-MHC II loci and provirus level of Ovine Progressive 
Pneumonia (OPP) that is counter part of VM, and they 
found that DRB1*0403 or DRB1*07012 alleles were as-
sociated with lower proviros level of OPP (Herrmann-
Hoesing et al., 2008). Another report seeking the asso-
ciation between DRB1 and VM status revealed that the 
DRB1*0325 allele associated with susceptibility to VM 
(Larruskain et al., 2010). White et al. (2009) reported 
that a 4-base deletion in the promoter domain of CCR5 
gene significantly reduced the provirus level in homozy-
gous. Another reported deletion variant in ZNF389 gene 
also reported to be associated with provirus level of VM 
infection (White et al., 2013). Sarafidou et al. (2013) pro-
posed that G520R mutation in ovine TLR9 coding region 
associated with VM serostatus. Nevertheless, there is no 
published data from independent studies to confirm the 
effect of these loci. 

In a recent study, however, specific haplotypes in 
TMEM154 gene proposed to be major gene regarding 
genetic resistance/susceptibility to VM (Heaton et al., 
2012), and it is repeatedly reported by subsequence 
studies that TMEM154 variants can explain the big pro-
portion of the VM serostatus variations in North Ameri-
can (Leymaster et al., 2013; 2015), German (Molaee et 
al., 2018), Turkish (Yaman et al., 2019), and Iranian (Mo-
laee et al., 2019) sheep. But it might be hypothesized 
that different co-receptors encoded by other genomic 
locations are quite possible.

In a recent genome-wide association study, White 
et al. (2012) reported that multiple SNPs located within 
or near the various genes might be involved in host im-
mune response to VM. They have also reported one SNP 
within DPPA2 and one SNP within STYL3 genes signifi-
cantly associated with VM status. In the present study, 
the possible effect of these two SNPs was tested in Turk-
ish sheep with an experimental design including case-
control matched pairs. However, the results of White 
et al. (2012) have not been confirmed in Turkish sheep. 
The reasons for not being confirmed for these results 
might arise from differences in experimental design of 
the studies, different subtypes of the VM viruses, and 
gene-environment interaction.

In conclusion, within our detection limits, no asso-
ciation was detected between VM serostatus and pre-
viously reported two SNPs located in the ovine DPPA2 
and the ovine STYL3 genes. These SNPs are not useful 
for selective breeding in Turkish sheep. Further studies 
might be required to elusive involved co-receptors in the 
host immune response to the VM virus.
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Abstract

Goat breeding has economic importance specifically in developing countries in 
terms of fiber, milk, and meat production. To reach the increasing market de-
mands, a thoroughly organized breeding program is required. While most breed-
ers focus on the female part of reproduction management, male selection con-
stitutes the overlooked half. However, this forgotten part should begin with male 
selection through an andrological evaluation examination (Breeding soundness 
exam (BSE)). After the male selection, semen collected from these bucks can be 
transported to other herds easily and genetic advance can be achieved in a short-
er period with the help of assisted reproductive techniques. Using selected males’ 
semen with artificial insemination (AI) in goats can bring huge improvement at 
goat breeding with its rapid and reform triggering effects. However, there are still 
missing pieces in terms of andrological examination evaluation and assisted re-
productive techniques in goats and future research is still required to complete 
this puzzle. This review will focus on the selection of bucks and the advances in 
most commonly used assisted reproduction techniques in the field level.

Introduction

Goats have considerable economic importance 
and triggering impact in a wide scope of rural produc-
tion systems (Fatet et al., 2011), especially in developing 
countries. Their natural ability to use pastures and water 
efficiently and have a higher resistance to heat and cold 
stress allows it to be easily bred in a variety of climatic 
and geographical conditions (Gebre, 2007; Delgadillo et 
al., 1997). Additionally, its cultural role in some societ-
ies can not be ignored by explaining its spreading on the 
earth.  In a temperate climate, they are mainly used for 
dairy, but they can also be used for meat and fiber pro-
duction. In this zone, goats are seasonally polyestrous 
animals. The length of the sexual season varies with day 
length, latitude, climate, breed, nutrition, presence or 
absence of male and other unknown conditions. The 
main environmental factor affecting the sexual season 
of goats in temperate regions is the alterations in day 
length, which is called photoperiodism. Moreover, the 
largeness of serum gonadotropin and testosterone se-

cretion of mature bucks in response to day length chang-
es show breed differences. Additionally, does’ follicular 
activity changes during the year in depending on the 
prolactin secretion and photoperiodism as similar bucks. 

In bucks, puberty is associated with a marked in-
crease in testosterone secretion, spermatogenesis and 
mating behavior. Ejaculation of viable sperm occurs at 
4 to 6 months of age, and young bucks have 40 to 60% 
of their mature weights. Despite the age of sexual ma-
turity linked to breed, it generally occurs 10-12 months 
old of age (Demir et al., 2018; Hafez &Hafez, 2000; 
Chakraborty et al., 1989). During the breeding season, 
does undergo several successive estrus cycles and the 
number of these cycles depends on the length of the 
breeding season and goat breed. In goats, the length of 
the estrus cycle is average 17 days but varying from 17 
to 25 days. In this period, copulation usually occurs be-
fore ovulation, thus sperm are presented in the oviduct 
and also stored in the cervix, up to 3 days, and are inces-
santly released into the uterus, where they survive for 
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about 30 hours by this time. The embryo is implanted in 
the uterus 18 to 22 days after the onset of estrus and the 
length of gestation for the most breed of goats is an av-
erage of 144 days (Fatet et al., 2011; Ridler et al., 2012). 

In goat breeding, determining the fertility charac-
teristics of buck and doe has great importance for the 
reproductive success of the herd. As our focus, deter-
mining the fertility of bucks carries the success of fertil-
ization in goat breeding with replacing the missing parts 
of reproduction for facilities.

Andrological Evaluation Examination

Although, numerous does are generally bred to 
a single buck, male fertility has a great importance in 
reproduction. Therefore, evaluation of male fertility 
has a priority to reach breeding success (Gebre, 2007; 
Chacon et al., 1999). In various studies, reproduction in 
males determined mainly as affected by nutrition, gen-
otype, season, management, and diseases (Dowsett & 
Knott, 1996; Bielli et al.,2002; Karagiannidis et al., 2000). 
For optimal production rates in farms, bucks with high 
breeding abilities and genetic potential for rapid and ef-
ficient growth should be selected. These bucks can be 
selected by the utilization of an andrological evaluation 
examination protocol and can enhance the economical 
value of the herd (Pezzanite et al., 2018). This protocol 
also helps prevent infertility problems from forming in 
a herd (Gebre, 2007; Goulet & Fthenakis, 2010). An-
drological evaluation examination, also called breed-
ing soundness examination (BSE), consists of a general 
physical examination, assessment of mating ability, 
and a genital tract examination of both the external 
and internal genitalia (including scrotal circumference 
measurement), and semen quality evaluation (Ridler et 
al., 2012; Sathe & Shipley, 2014; Pezzanite et al., 2018). 
Semen assessment which includes volume, motility, con-
centration, and morphology gives a general idea about 
breeding potential as well as freezability of the sample. 
Unlike bull andrological examination, buck andrological 
examination criteria are not yet fully developed or com-
monly used (Chacon et al., 1999; Kennedy et al., 2002). 
This evaluation should be done at least one month be-
fore the breeding season so that replacement can be 
possible before it is too late (Gouletsou & Fthenakis, 
2010). However, it should not be forgot that the success 
of bucks of different ages and breeds undergoing andro-
logical examination is variable. 

Physical Examination

During the physical examination, mainly body con-
dition score (BCS) and structural soundness are assessed 
under international or local breed criteria. In addition 
to these parameters, the history of the buck in terms 

of past diseases and breeding performance should be 
evaluated systemically. BCS is scaled from 1 to 5 and 
in terms of reproductive performance and efficacy, the 
optimal is known to be 3 to 3.5 (Pezzanite et al., 2018; 
Menegassi et al., 2014). It is also advised that the buck 
starts the reproductive season with a 3.5 to 4 BCS, as 
it will use a considerable amount of body weight dur-
ing the breeding season (Gouletsou & Fthenakis, 2010). 
The age has also a crucial role for male fertility; optimal 
breeding age of bucks is considered to be 6 months to 4 
years old (Sathe &Shipley, 2014). In terms of structural 
soundness feet and legs have the utmost importance. 
Along with the health of hooves; teeth and eyes are sub-
stantial parameters. Other diseases such as pneumonia, 
internal or external parasites, and especially brucello-
sis should also be checked (Pezzanite et al., 2018). All 
breeder males should be also tested serologically for the 
following agents which are the main causes of infertility 
in males: Actinobacillus seminis, A. actinomycetemcomi-
tans, Histophilus ovis, Haemophilus spp., Corynebacte-
rium pseudotuberculosis ovis, B. melitensis and Chlami-
dophila abortus (Sathe &Shipley, 2014). Additionally, in 
order to protect the health of the herd and prevent pos-
sible aborts and orchitis, it is necessary to take precau-
tions such as vaccination or the eliminating sick animals 
from the herd against viral infections (Border Disease 
(Pestivirus), Bluetongue (Orbivirus)) and parasitic infes-
tations (Toxoplasmosis (Toxoplasma gondii)) that can be 
related by copulation (Menzies, 2012; Goulet & Fthena-
kis, 2015).

Examination of Reproductive Organs

This stage of andrological examination includes ob-
servation and palpation of penis, prepuce, scrotum, tes-
tis, and epididymis as well as epididymal measurements.

Anatomically, the male reproductive system con-
sists of a pair of extra-abdominally located testes sus-
pended in the scrotum, a fibroelastic penis, and accesso-
ry sex glands. The testes are already placed in the scro-
tum at the time of birth (Gier & Marion, 1970). Testes 
suspend vertically in the scrotum with the head of the 
epididymis located at the proximal end of the testes and 
its tail extending towards caudal poles. The testes of a 
buck weigh approximately 130-160 grams each. Scrotal 
circumference of a buck should be 28 cm and above, al-
though it depends on various factors such as breed, age 
and body weight (Ridler et al., 2012; Tibary, 2018). The 
penis has a sigmoid flexure located caudal to the sper-
matic cord and an urethral process is located to project 
2-3 cm beyond the glans penis (Sathe & Shipley, 2014). 
Furthermore, bucks have all three accessory sex glands, 
vesicula seminalis being the largest. The prostate is dis-
seminated and surrounds the wall of the pelvic urethra. 
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A pair of bulbourethral glands are situated caudal to the 
prostate and on the dorsal surface of the urethra (Haigh, 
2007). All observable parts of this system should be nor-
mal and in harmony with other body systems.

The prepuce and penis should be both inspected 
visually and by palpation to make sure there are no signs 
of injury, adhesions, or other pathologies. Palpation of 
the accessory glands is not as easily done as in bulls; 
however, it can be done using one or two fingers or by 
transrectal ultrasonography (Tekin et al.,2019). Testicu-
lar traits are properties correlated with sperm produc-
tion and animal fertility. Scrotal shape and content are 
parameters closely related to fertility parameters (Ge-
bre, 2007; Sathe &Shipley, 2014; Coulter & Foote, 1977; 
Ott & Memon, 1980). During palpation of testicles and 
scrotum; the testes should be firm, movable within the 
scrotum, and similar in size. During this examination, ep-
ididymis should also be palpated in terms of any harden-
ing or swelling as it can be an indicator of important dis-
eases such as brucellosis. Scrotal circumference and tes-
ticular consistency are used to determine reproductive 
capacity because the scrotal circumference is a method 
of measuring testicular mass and when combined with 
testicular consistency it can be an indirect indicator of 
spermatogenetic capacity (Gebre, 2007; Ridler et al., 
2012; Sathe &Shipley, 2014; Gouletsou & Fthenakis, 
2010; Daudu, 1984, Pezzanite et al., 2018; Filazi et al., 
2017) (Figure 1). 

Figure 1: A: Testicular length measurement, B: Ultrasonographic 
Imaging, C: Circumference measurement, D: Testicular ther-
mography imaging (Daskin et al., 2015).

It was also shown that scrotal circumference is 
correlated to both age and body weight, with the lat-
ter being more significant (Sathe &Shipley, 2014; Pe-
zzanite et al., 2018). Recently additional procedures 
have been introduced in this part of the andrological 
evaluation. These procedures include ultrasonographic 
imaging of the testes (Sathe &Shipley, 2014; Gouletsou 
& Fthenakis, 2010). Up to date, ultrasonographic imag-
ing has been used in bucks to determine testicular and 
epididymal measurements and testicular degeneration 

(Raji et al.,2016; Ahmad & Noakes, 1995)(Figure 1). Tes-
ticular echo-texture can be used to understand fertility. 
Healthy, normal buck testes are homogenously echo-
genic (Ahmad et al.,1991). The mineralization within 
the testicular parenchyma can be seen using ultrasono-
graphic monitoring with dense hyperechoic areas and 
acoustic shadowing (Ahmad & Noakes, 1995). Another 
option was introduced to the examination of reproduc-
tive organs: Thermography. Even though no difference 
in terms of scrotal temperature was observed among 
bucks examined (Daskin et al., 2015), this method may 
give insights about inflammation in the area (Figure 1). 
Thus, further research on this topic is required.

Semen Analyses

Semen collection and analyses form the last part 
of an andrological evaluation examination (Tirpan & 
Tekin, 2015). There are two methods generally used for 
collecting semen from the buck: using artificial vagina 
or electro-ejaculator (Sathe &Shipley, 2014). Recently, 
a novel semen collection method was also described: 
Transrectal digital massage. In this method, after the 
feces is removed from the rectum, the seminal vesicles 
and ampulla are located. On this part of the reproduc-
tive organs, back and forth vigorous motion is applied 
and is continued for up to 5 minutes and thus semen is 
collected (Tekin et al.,2017). It is the best time to collect 
semen is during the breeding season. For the artificial 
vagina method, the artificial vagina should consist of 
a hose 20-25 cm in length and 5 to 7 cm in diameter, 
with a rubber liner. It is critical to have the interlining 
lubricated, with the temperature of the artificial vagi-
na approximately 39 ℃. As the buck mounts the doe, 
his penis is gently guided inside the artificial vagina. It 
is also important to an artificial vagina to have optimal 
pressure. The glass collecting tube warm also should be 
kept 37 ℃ to avoid cold shock until the semen evalua-
tion. (Sathe &Shipley, 2014; Hafez &Hafez, 2000). In the 
other method, electroejaculation is usually preferred in 
bucks that are not trained for the artificial vagina. This 
is an easy to use method for the practitioner if the ani-
mal is well restrained or sedated, however, the semen 
sample obtained is not always in the optimal state. The 
electro ejaculator procedure is applied by putting a bi-
polar electrical probe into the buck’s rectum. Low volt-
age electrical stimulation is given for 2 to 4 seconds at 
10 to 20 seconds interim until ejaculation occurs. The 
sample collected using this method may be tainted with 
urine, may have a high volume but low concentration or 
higher concentrations of sodium and potassium (Sathe 
&Shipley, 2014). Semen volume varies considering the 
collection method. Fewer volumes are provided from 
artificial vagina comparing to electroejaculation collec-
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tions. However, the electroejaculation method has sev-
eral disadvantages as mentioned before. 

Semen quality is mainly determined by the evalu-
ation of spermatozoa motility, concentration, and mor-
phology (Ott &Memon, 1980). In general, the minimal 
standards for the classification of buck semen samples 
are at least 85% motility, less than 10% morphological 
abnormalities, 6 to 10 x 108 sperm per ml, and at least 
0.5 to 2 ml per ejaculate. A single test does not accu-
rately predict the fertility of the sperm sample, but ex-
amining the various physical properties of the sperm 
can help determine the fertility potential (Kimberling, 
1984; Hafez & Hafez, 2000; Tibary, 2018). In addition, se-
men evaluation grants a general idea of testicular and 
epididymal function, allowing the prevention of housing 
an infertile or subfertile animal (Gebre, 2007; Rodrigues-
Martinez, 2003). 

Beside all these classical methods, semen evalu-
ations are mostly carried out by ancillary evaluation 
methods (computer-assisted semen analyse system and 
flow cytometry etc.) (Gürler et al.,2012).

Ancillary Semen Evaluation Methods

Various methods have been used to evaluate sperm 
ancillary. Some of them are electron microscopy, sperm 
chromatin structure assay (SCSA), flow cytometry, and 
computer-assisted semen analyses system (CASA). Flow 
cytometry and CASA are two methods that used com-
monly and enable sperm to be examined in many ways 
in detail (Hafez & Hafez, 2000, Korkmaz & Cil, 2020) (Fig-
ure 2).

Figure 2: A-B: CASA morphometry and motility analysis, C: Flow 
cytometric PMAI (Plasma membrane and acrosome integrity) 
analysis, D: Flow cytometric MMP (Mitochondrial membrane 
potential) analysis.

Computer Assisted Semen Analyses (CASA)

CASA is a functional and useful method to reveal 
sperm populations and subpopulations in an ejaculate. 
Determination of motility and kinetic parameters of 
sperm in the ejaculate shows whether they are suit-
able for freezing and insemination (Tsakmakidis, 2010). 
These parameters obtained with CASA have been associ-
ated with fertility in many studies. The main parameters 
we can obtain regarding sperm populations with CASA 
are total motility, progressive motility, VAP (Average 
path velocity), VSL (Progressive velocity), VCL (Curvilin-
ear velocity), BCF (Beat frequency), STR (Straightness), 
LIN (Linearity), ALH (Lateral head amplitude), etc. val-
ues. These parameters give us an idea of the sperm abil-
ity for fertility, and the power of advance in the female 
genital tract (Hirano et al., 2001). When evaluating goat 
sperm in the CASA system, the point to be considered 
to obtain an objective result is the selection of specific 
settings for the buck. However, the values that obtain 
from the assessment from these systems should be eval-
uated with minimum and maximum limits for buck se-
men (Palacin et al., 2013; Tekin & Daşkin, 2016; Anand et 
al., 2016). 

Flow Cytometry

Flow cytometry is often used in andrology labo-
ratories to use for sperm concentration, plasma mem-
brane and acrosome integrity, apoptosis, mitochondrial 
membrane potential, the capacitation, oxidative stress, 
lipid peroxidation, DNA integrity analyzes (Korkmaz & 
Cil 2020). The purpose of these analyzes is to deter-
mine the quality of sperm like all other analyzes. Flow 
cytometry allows the objective, rapid and simultaneous 
analysis of several properties in a large number mass of 
spermatozoa, suggesting that the results of flow cyto-
metric analysis may allow the estimation of the fertility 
of a semen sample. The results to be obtained from flow 
cytometry analysis make it easy to estimate the fertility 
of the semen sample with its reliable and rapid values 
(Peterson et al., 2007; Tsakmakidis, 2010).

Assisted Reproductive Techniques

Up-to-date, assisted reproductive techniques fre-
quently used in goats include; synchronization of estrus 
and ovulation, estrus detection methods, and different 
insemination techniques. Controlling the reproduction 
of goats by inducing ovulation via hormonal treatments, 
manipulation of photoperiod, modulation of estrus cy-
cles brings it about group kidding over a limited period 
(Sathe &Shipley, 2014). Goat reproduction management 
presents these main advantages; synchronizing preg-
nancies to form a kidding period in a selected season 
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and management of genetic resources (Sathe &Shipley, 
2014).

Although all of the artificial insemination methods 
used in goats have their advantages and disadvantag-
es, the methods used can be listed as follows: vaginal, 
cervical, transcervical, and laparoscopic, or intrauter-
ine (Daskin et al.,2016). In goats, artificial insemina-
tion is usually performed using fresh semen because of 
the hardships faced during freezing or chilling semen 
(Chesh et al., 2012). When processing goat semen Tris-
egg yolk-based extenders are most commonly using 
agents. Since semen cryopreservation is a valuable tech-
nique for goat production allowing semen to be stored 
for later use (Konyalı et al., 2013), researchers are still 
trying (1) different extenders (Roof et al., Küçük et al., 
2014; Yodmingkwan et al., 2016), (2) freezing protocols 
(Küçük et al., 2014; Salmon et al., 2017; Inanç et al., 
2017) and (3) additives (Konyalı et al., 2013; Salmon et 
al., 2017) to increase cryo survival of goat semen. If the 
doe is synchronized; the optimal timing for insemina-
tion, including laparoscopic procedure, is usually around 
45 hours after progestagen device removal (Cseh et 
al., 2012). Artificial insemination in goats results in ac-
ceptable pregnancy rates when fresh semen is used for 
vaginal or intra-cervical insemination and frozen semen 
is used for trans-cervical intrauterine or laparoscopic 
insemination. Insemination with fresh semen results in 
pregnancy rates close to natural mating while cervical 
insemination with frozen semen does not yield satisfac-
tory results (Tırpan et al., 2017; Tırpan et al.,2019). With 
the laparoscopic insemination technique recently devel-
oped, better and more consistent pregnancy rates may 
be achieved even with frozen semen. Cervical insemi-
nation is the most preferred method in goats (Cseh et 
al., 2012). 

Conclusions

In conclusion, the usage of the andrological exami-
nation technique carries the utmost importance in the 
selection of breeder bucks. The common herd reproduc-
tive systems have been used in goat breeding is uncon-
trolled natural breeding. In such systems, bucks and does 
are kept together in the same environment regardless of 
their reproductive characteristics. One step further, in 
herds where limited controlled natural mating is applied, 
goats are selected as breeders according to their phe-
notypic features. However, a little attention is given to 
the fertility characteristics of the female, and the male 
andrological and spermatological evaluation can bring 
success. With enhancing technology; ultrasonography, 
thermography, computer-assisted methods, and flow cy-
tometry devices finding their place among andrological 
examinations aid in the better determination of bucks’ 

breeder values. By means of these technologies integrat-
ing with andrological examination systematics, param-
eters such as genetic advance, determination of heredi-
tary and contagious diseases, litter size, estimation of 
breeding value can be determined more healthily and 
contribute to the breeding of animals of economic value. 
The semen collected from bucks of which breeding val-
ues are revealed by innovative techniques can be used 
to inseminate females and reaching genetically superior 
herds is simplified. With this vision in mind, future re-
search in determining easily applicable technologies and 
forming a species-specific database should be pursued. 
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