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Abstract. The study was carried out in the International GAP Agricultural Research and Training Centre
(GATEA) between the years 2010-2014 in Diyarbakir, Turkey. The aims of this study were 1) to compare
8 different models (MG, Dhanoa, Nelder, Wood, CLD, and 2nd-, 3rd- and 4th-degree polynomial) used to
describe the lactation curve for Awassi sheep by using 557 completed lactation milk yield records, and 2)
to identify the suitable model. In addition, the most effects of birth season, parity, and birth type on the
lactation milk yield and parameters on the identified model were investigated. As a result of this study, it
was determined that the 4th-degree polynomial (POL4) model is the most suitable. In addition, it was
found that all the factors, excluding birth type, have significant effects on the model parameters and
lactation milk yield (P < 0.05).
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Introduction

In Turkey, seventeen percent of the total sheep population is raised in the
Southeastern Anatolia Region of Turkey (Anonymous, 2017). The Awassi sheep is the
prevalent in the region due to high milk yield. However, the milk yield of Awassi shows
wide variation depending on the level of breeding in milk yield, age and weight at birth,
lambing month, birth type, production system, and lactation period. Average lactation
milk yield of the sheep raised in Southeastern Anatolia is about 80-100 kg/lac
(Kaymakg1, 2006), and some breeding studies must be performed in that region in order
to benefit from the higher milk yield potential of the Awassi sheep.

In the case of milk production, the appropriate description of the lactation curve is a
useful tool in management decision making and in design genetic improvement
strategies for the group of animals evaluated (Vazquez-Pelaez et al., 2014). A lactation
curve is defined as the variation of milk yield depending on time, representing of the
milk yield with respect to time using a figure, or the milk yield shown in a figure after
lambing (Keskin, 2006; Koncagiil et al., 2012). Lactation curves can be beneficial in
terms of biological and economic efficiency, selection, monitoring of animal health,
ration formulation, and determination of type of care and feeding methods (Wood,
1967; Ruiz et al., 2000; Dag et al., 2005; Koncagiil et al., 2012). Moreover, it is possible
to use lactation curve models to estimate the total lactation milk yield from partial
lactations and to use the peak yield and persistency values as selection criteria in
developing a model for the improvement of milk yield (Wiggans and Gangler, 1999;
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Takma et al., 2009). The shape of the lactation curve and environmental factors that
affect the curve can be used to determine the biological affectivity (Grossman and
Koops, 1988). The environmental factors that affect the milk yield and lactation curve
have been determined by many researchers, and different mathematical models have
been proposed for determining the lactation milk yield in dairy cattle (Koncagiil and
Yazgan, 2011). Most of these models developed for dairy cattle can also be used to
identify the lactation curves of sheep and goats (Fernandez et al., 2002; Koncagiil et al.,
2012; Angeles-Hernandez et al., 2013). Among them, Wood’s model (1967) has been
the most widely used (Nezamidoust et al., 2013; Angeles-Hernandez et al., 2013)

Lactation curve studies have conducted rarely in Awassi sheep. The aims of this
study were to compare 8 different models (MG, Dhanoa, Nelder, Wood, CLD, POL2,
POL3, and POL4) used to define the lactation curve for the Awassi breed and to
identify the suitable models. In addition, the effects of birth season, parity, and birth
types on lactation milk yield and model parameters were investigated.

Material and Methods
Data

The experiment was conducted in the International GAP Agricultural Research and
Training Centre (GATEA) between the years 2010-2014 in Diyarbakir, Turkey
(37°57'41 N and 40°13'54 E, 650 m asl) (Fig. 1). Study area has a semi-arid climate and
is very hot during the summer months. The temperature rises above 40°C in summer.
Rainfall is almost non-existent during the summer months. Winters are cool and wet.
Spring and automn are warm and wet as well.

Figure 1. Study location map (https://www.express.co.uk)

The animal material consisted of 557 Awassi sheep raised in training center above
mentioned. Semi-intensive care and feeding was applied in addition to 10 hours of
pasture time each day, and supplementary feeding was provided following pasture. The
milk controls were started 15 days after the first lambing occurred in the herd, and the
amount of milk was measured on a scale with 50 g of precision and repeated every 14
days interval until the end of lactation. The test day of the milking were made at 14 days
intervals (Giirsu and Aygiin, 2014). Lactation milk yield (LMY) was calculated using
the Fleischmann method (Barillet et al., 1992).
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Data Analysis

The models used in this study were chosen from among the models applied
previously to describe lactation curves of sheep. For the analyses of the lactation, the
following models were used.

MG model (Morant and Gnanasakthy, 1989):

y, =@ P (Eq.1)
Nel model (Nelder, 1966):
yi = ¥ +bt+ct? (Eq.2)
Wood model (Wood, 1967):
y, =atPe™ (Eq.3)

CLD model (Cobby and Le Du, 1978):
yi =a—bt—ae™® (Eq.4)
Dhanoa model (1981):
y, =at™e™ (Eq.5)

Three polynomials: the second degree (POL2):

y, =a+bt+ct? (Eq.6)
The third degree (POL3):
y, =a+bt+ct? +dt? (Eq.7)
The fourth degree (POLA4):
y, =a+bt+ct? +dt® +et* (Eq.8)

The parameters of the models defined above were as follows: yt is the milk yield on
the tth day after lambing; a, b, ¢, d and e are the model parameters; t is the tth day after
lambing; and t1 = (t —lactation period / 2) / 100. Starting values for the parameters of the
models mentioned in “a, b, ¢ d and e¢” were taken from various analyses conducted by
many researcher such as Dag et al. (2005).

Analyses were performed using the Proc Nlin procedure in the SAS program (SAS,
2000). For the comparison of the models, the coefficient of determination (R?), mean
square error (RMSE), and correlation coefficient (r) between observed and estimated
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lactation curves were considered as the comparison criteria. After identifying the best
mathematical model description of the lactation curve, the estimated lactation milk yield
(ELMY) for each sheep was calculated using the parameters of the identified model.
Then, the ELMY was compared with the LMY calculated by the Fleischmann method
(Barillet et al., 1992) described below:

LSV:81XA1+ZHZS‘+ZS”A‘_+Snx15 (Eq.9)

where LMY is lactation milk yield, Ai is the number of days between lambing and first
milk control day, A is the number of days between the ith and (i-1)th control milking,
Si is the amount of milk in the ith control milking day, and 15 is the number of days
assumed to have passed between the last day of control milking and the end of the
lactation. The values of LMY and ELMY were adjusted to 180 days of lactation length.

The correlation coefficients between LMY and ELMY were calculated by the Proc
Corr procedure in SAS (2000).

In order to examine the effects of environmental factors on the model parameters,
LMY and ELMY, the linear model given below was used in the Proc GIm procedure in
SAS (2000):

Yijkl= p + Pi + LSj + BTk + eijkl (Eq.10)

where Yijklm is the model parameters, LMY or ELMY, u refers to the average value
for the trait being analyzed, Pi is the effect of the ith parity, LSj is the effect of the jth
lambing season, BTk is the effect of the kth birth type, and eijkl refers to the random
residual. Differences among the means of the environmental factors were tested using
the Tukey-Cramer test option.

Results
Model Selection

Fit statistics of the mathematical model are given in Table 1. In terms of mean square
error (MSE), the highest value was observed in the Dhanoa model, followed by the
Wood, CLD, MG, and Nelder models, respectively. It has also been determined that
MSEs obtained from polynomial models were not different from zero. The best
performance in terms of determination coefficient (R?) belonged to the polynomial and
Nelder models. POL4 has the highest R? value (0.99), followed by the POL3, POL2,
and Nelder models (0.98, 0.97, and 0.93, respectively). R? values of the other models
were below 0.85. A similar situation was also observed in terms of the correlation
coefficient (r) between observed and estimated lactation curves. POL4 (0.90) had the
highest value in terms of correlation coefficient, followed by the POL3, POL2, and
CLD models (0.84, 0.74, and 0.69, respectively). The correlation coefficients obtained
from the other models were found to have lower values.

Considering the MSE, R?, and r parameters all together, it was concluded that the
best model to properly identify the lactation curves of the Awassi sheep breed was
POL4. Therefore, the characteristics of lactation curve and environmental factors
affecting the LMY were investigated by taking into account the POL4 model.
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Table 1. Comparison criteriaof models used fordescibing lactation curves of Awassi sheep

Model MSE R2 r

MG 150+9.333 0.06+0.126 0.12+0.022
Dhanoa 532.37+9.996 0.35+0.019 0.124+0.025
Nelder 39.68+5.197 0.934+0.003 0.51+0.018
Wood 530.524+9.969 0.35+0.019 0.13+0.026
CLD 151.76+6.584 0.84+0.009 0.69+0.011
POL2 0.00£3.192 0.9740.001 0.7440.009
POL3 0.00+2.574 0.98+0.001 0.84+0.007
POL4 0.00+1.989 0.99+0.001 0.90+0.005

R2: coefficient of determination, MSE: Mean square eroor, r: correlation coefficient between observed
and estimated lactaion curve, MG: Morantand Gnanasakthy model, Dhanoa: Dhanoa model, Nelder:
Nelder model, Wood: Wood model, CLD: Cobby and Le Du model, POL2: 2nd degree polynomial
model, POL3: 3rd degree polynomial model, POL4: 4rd degree polynomial model

Model Parameters

The model parameters, standard deviations and correlations between model
parameters are given in Table 2. Accordingly, parameter (a) refers to the milk yield
when standardized time was equal to zero. Standardized time is in the range between -1
and +1; when time is at O, it has been accepted as the middle of lactation (midpoint).
Therefore, parameter (a) represents the estimated milk yield in the middle of lactation.
Parameters (b) and (c) refer to the increases and decreases in milk yield until the
midpoint of lactation, and parameters (d) and (e) refer to the increases and decreases in
milk yield after the midpoint of lactation.

Table 2. Parameters (£SE) of POL4 function, LMY means (+SE) (kg), and correlation
coefficients between model parameters

Factors N a b c d e LMY
Parity
1 141 628+139.6%  -470+168.5 326+87.42 -49+18.68  1.0+1.35*  109+5.42
2 132 936+137.0%  -554+165.4  363+85.87 -58+18.22  1.6+1.328  129+5.3°
3 103 1059+139.4°> -218+168.2 96+87.2° -6+18.6°  -3.1+1.35° 139+5.4°
4 94  1221+140.2° -606+169.2  311+87.7%  -41+18.7% 0.2+1.35%® 13245.4°
5 51  846+170.5®  -510+205.8 298+106.7% -39+22.7% 0.1+1.65® 108+6.6°
6< 36 986+191.2®  -691+230.8 426+119.7%  -73+255%  29+1.858  105+7.42
Lambing Season
December-January 481  916+125.2  -464+151.1 265+78.4 -32+16.7 -0.311.21  126+4.9°
February-March 76 976+119.7  -552+144.4 342+74.9 -53+15.9 12+1.16  115+4.6°
Birth Type
Single 283  923+106.3  -446+128.3 271+66.5 -37+14.2 0.1+1.03 120+4.1
Twin 274 969+148.3  -570+178.9 336+92.8 -48+19.7 0.8+1.43 12145.8
Correlation
A -0.732™ 0.414™ -0.224™ 0.125™ 0.235™
B -0.895" 0.751™ -0.637*" 0.065
C -0.962" 0.893™ -0.051
D -0.980™" 0.040
E -0.035

a, b, ¢, d, e: model parameters of POL4; LMY': lactation milk yield corrected for lactation length
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Relationship Among Parameters

The correlation coefficients among model parameters are given in Table 2. As
expected from polynomial functions, the correlations between sequential parameters (a-
b, b-c, c-d, and d-e) have taken negative and increasing values, whereas the correlations
between other parameters (a-c, b-d, and c-e) have taken positive and increasing values,
respectively. Because linear interpolation is the basis of determination of LMY using
the Fleischmann method, the possibility of errors for estimating milk production
between two consecutive control days would increase as the interval between two
consecutive milk control days increases. However, there were 14 days between the two
milk control days in our study; therefore, LMY was assumed to be estimated closer to
the actual amount of milk production.

Effects of Environmental Factors

The mean and standard errors of LMY and model parameters based on
environmental factors are given in Table 3. All factors except birth type had significant
effects with varying degrees on the model parameters and LMY. The differences
between average values of 1st, 5th and 6th lactations and 2nd, 3rd and 4th lactations
have been found significant (P < 0.05). The difference between milk yield of the sheep
lambing in the December-January season and the February-March season was found
significant (P < 0.05). The type of birth did not have any significant effect on the LMY.

Table 3. Descriptive statistics of LL, LMY, ADMY and LMY180 day

N Mean Std.Err. Min Max. CV%
LL 1077 150.3 0.77 100.0 213.0 16.9
LMY 1077 123.9 1.23 40.9 268.8 32.6
ADMY 1077 819.7 6.60 361.7 1551.6 26.4
LMY180 1077 147.6 1.19 65.1 279.3 26.4

N: Number of observation, Std.Err.: Standard error, Min: minimum, Max: maximum, CV%: coefficient
of variation, LL: Lactation length, LMY Lactation milk yield, ADMY: Avarege Daily milk yield

In this study, all factors except type of birth had significant effects with varying
degrees on the model parameters and LMY (Table 2). The differences between average
values of 1st, 5th, and 6th lactations and 2nd, 3rd, and 4th lactations were found
statistically significant (P < 0.05). As indicated by Mavrogenis (1996), this situation
was to be expected because the milk yield of the Awassi sheep increases in the first 4
parities and has a tendency of decreasing in the following parities. The difference
between milk yield of the sheep lambing in December-January season and February-
March season was found statistically significant (P < 0.05). This can be explained by
the fact that the pasture conditions in the December-January season are better than those
of other seasons, and thus sheep can benefit from pastures more than others lambing in
other seasons. These pastures lose their efficiency after April due to the rapid warming
of the weather in the area where this study was conducted.

The differences between means of 1st lactation and 3rd and 4th lactations have been
found statistically significant (P < 0.05). This shows that the peak yield values of 1st
lactation sheep were lower than the peak yield values of 3rd and 4th lactation sheep in
terms of parameter (a). The effect of lambing month on parameter (a) was found
insignificant, which shows that the peak yield is not affected by the lambing month. The
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differences between levels of birth types in terms of parameter (a), when the time is
equal to zero, were found insignificant.

Descriptive statistics of the research data set in lactation milk yield has shown in
Table 3.

The effect of parity on the parameter (a) was insignificant, whereas its effect on
parameters ¢, d, and e was found to be statistically significant (P < 0.05). The
differences between 1st, 2nd, and 3rd lactations in terms of upward oscillation speed
(parameter c) before the peak yield were found statistically significant (P < 0.05). In
addition, the differences between 1st, 2nd, and 6th and 3rd lactations in terms of upward
and downward oscillation speeds after the peak yield were found statistically significant
(P <0.05) (Fig. 2).
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Figure 2. Milk yield vs. lactation duration in different lactation stages

It was found in this study that the best fit model identifying the lactation curve is the
POL4 model. Ruiz et al. (2000) reported that in the case of a higher positive correlation
between parameters of the mathematical model identifying the lactation curve, the
lactation curve model cannot be identified properly. However, in this study, as can be
seen in Table 2, because there is a negative correlation between 4th-degree polynomial
model parameters in general, this model sufficiently identified the lactation curve of the
Awassi sheep breed. Moreover, the highest correlation between LMY and ELMY (0.90)
was obtained when the POL4 model was applied, and this indicates that the POL4
model can be used for LMY estimations of the Awassi breed.
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Discussion

The lactation milk yields found in this research are consistent with the values
reported by Dag et al. (2005), Seker et al. (2000), and Tekel et al. (2007). In addition,
the lactation curve (Fig. 3) shows consistency with the lactation curve given by
Kaymakg1 (2006). As can be seen in Fig. 3, there was an increase in the first 2 months
of lactation, and the peak value was reached; then, a gradual decline was observed. As
shown in Fig. 3, the decrease in milk yield accelerates after the first 100th day of
lactation approximetly. These changes in ambient temperature and pasture conditions
are thought to have an effect on this situation. As a matter of fact, the climatic and
pasture conditions in the first 3 months of lactation constitute a suitable environment for
milk production of Awassi ewes. However, in the later stages of lactation, the air
temperature increases and the pasture conditions decrease significantly due to the
temperature increase.
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Figure 3. An overall view of the lactation course in Awassi sheep

All of the factors considered in this study, except for the type of birth, had significant
effects on model parameters or LMY at various degrees. These results were similar to
other studies on the milk yield characteristics of Awassi sheep (Ozbey and Akcan,
2000; Reiad et al., 2010; Ustiiner and Ogan, 2013). Differences between 1th, 5th, 6th
lactations and 2nd, 3rd, 4th lactations were statistically significant (P < 0.05) in terms of
LMY. As Mavrogenis (1996) states this sitiuation is expected due to an increase in milk
yield in the first 4th lactation and later tendency to decrease in Awassi sheep. The
difference between the milk yield of sheep gave birth in December-January and
February-March season were statistically significant (P < 0.05). This can be explained
by the fact that those who give birth in December-January season have the opportunity
to benefit from the pasture for a longer period when the pasture conditions are good.
Because the pastures in the region lose their qualities after April due to the rapid heating
of the weather.

It has been reported that if there is a high correlation between the parameters of a
mathematical model defining the lactation curve, the model used will not define the
lactation exactly (Ruiz et al., 2000). When polynomial functions are used in this
research, the correlations between sequential parameters (a-b, b-c, c-d, and d-e) have
negative and increasing values, whereas the correlations between other parameters (a-c,
b-d, and c-e) have positive and increasing values respectively. Because linear
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interpolation is the basis of determination of LMY using the Fleischmann method, the
possibility of errors for estimating milk production between two consecutive control
days would increase as the interval between two consecutive milk control days
increases. However, the POL4 model showed the best performance in terms of
comparison criteria due to high correlation between LMY and ELMY (0.90) was
obtained. This indicates that the POL4 model can be used for LMY estimations of the
Awassi breed.

Lactation milk yield is determined by genotype and environmental conditions in
addition to other quantitative properties. Therefore, the suitability of lactation curve
models used by researchers may vary depending on the breed and species. Accordingly,
the most appropriate model defining the lactation curve differ from breeds to breeds in
different environmental conditions (Unal et al., 2007). It has been reported that the
Pollott Additive and Fractional Polynomial models are the best ones for Lacaune breed
(Elvira et al., 2013). In addition, the Wilmink model is the most suitable one, followed
by Wood and Dhanoa models, for studies conducted in Akkaraman, Kivircik-
Akkaraman, and Sakiz-Akkaraman crossbred sheep (Unal et al., 2007). It has been
determined that Wood, Wilmink, POL2 and POL3 models can be used to estimate milk
yield in F1 cross-breeds (Angeles-Hernandez et al., 2013). It has been determined that
the Wood model can be used to estimate lactation milk yield in organically raised sheep
such as East Friesian, Pelibuey, Suffolk and Black Belly (Angeles-Hernandez et al.,
2014). On the other hand, in a study conducted on Awassi sheep, the most suitable
model was found to be the Cubic model (Dag et al., 2005), whereas the Wood model
was found to be the best one in another study (Yildiz, 1997). Furthermore Wood, Cobby
and Le Du, Dhanoa, and Wilmink models have been found equally suitable for studies
conducted on the Awassi sheep breed.

Conclusions

Using of the best suitable lactation model will affect the efficiency and profitability
of production. In addition, suitable model provide increasing of the genotypic gain in
breeding program. The POL4 model used in the study give better results compared to
the other 7 models. The value of ELMY calculated by POL4 was very close to the value
of LMY calculated by using the Fleischmann method (r = 0.90). This result shows that
the POL4 model can be used for LMY estimations of the Awassi sheep breed.

Further researchers are needed to understand different predictive power of models. It
is important that different models must be tested by different researchers due to Awassi
breed raised in various countries and under different envoirmental conditions.
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