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This study was aimed to investigate biometry of lactation curve for Italian origined water buffalo in Istanbul province of Turkey. Total 72 head Italian origined water buffalo were used at first lactation and three calving seasons as animal material. Wood, Wilmink and Cobby and Le Du models were chosen in present study. The general average lactation length, total lactation milk yield average and average daily milk yield were found 234 days, 1607.4 kg and 6.86 kg, respectively. Determination coefficient was calculated for Wood, Wilmink and Cobby and Le Du models for summer calving season as 0.94, 0.92 and 0.93, respectively. Wood model was found the highest coefficient of determination in general. Moreover, persistency (S) and maximum milk yields (Ymax) for Wood model were calculated. These values were found as 5.89 and 9.76 for first lactation in general group, respectively. Finally, this study is showed that the Wood model has the best fitted model among all models for all groups for first lactation for Italian origined water buffalo,
Keywords: Wood, Wilmink, Cobby and Le Du Models, Italian Water Buffalo, Lactation Curve

Türkiye İstanbul İlinde Yetiştirilen İtalyan Orijinli Manda Sürülerinde Farklı Modeller ile Laktasyon Eğrilerinin Karşılaştırılması 
Bu çalışmada Türkiye’de İstanbul ilinde yetiştirilen İtalyan orijinli mandalarda laktasyon eğrilerinin biyometrisi araştırılması amaçlanmıştır.  Hayvan materyali olarak üç malaklama mevsiminde ve ilk laktasyonda olan 72 baş İtalyan orijinli manda kullanılmıştır.  Sunulan çalışmada Wood, Wilmink ve Cobby ve Le Du modelleri seçilmiştir. Genel ortalama laktasyon süresi, toplam süt verim ortalaması ve günlük ortalama süt verimi sırasıyla 234 gün, 1607,4 kg ve 6.86 kg olarak bulunmuştur. Yazın malaklayan hayvanlarda Wood, Wilmink ve Cobby ve Le Du modelleri için belirleme katsayıları sırasıyla 0.94, 0.92 ve 0.93 olarak bulunmuştur. Genel olarak Wood modeli en yüksek belirleme katsayısına sahip olmuştur. Bunun yanında, Wood modeli için persistens (S), maksimum süt verimi (Ymax) değerleri hesaplanmıştır. Bu değerler ilk laktasyon için sırasıyla 5.89 ve 9.76 olarak bulunmuştur. Sonuç olarak çalışma göstermiştir ki ilk laktasyondaki İtalyan orijinli mandalarda tüm gruplar için diğer modeler içinde en iyi uyum Wood modelinde görülmüştür. 
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Introduction
Water buffalo is an important animal between the other farm animals from the point of special value of milk and meat production. Recently, In spite of the fact that the breeding is still generally done under extensive conditions the water buffalo population is increasing in Turkey. Water buffalo milk is used in production of kaymak, cheese, and ice-cream. Also, buffalo meat is used in sausage production. Especially, buffalo milk is fatter than cow’s milk with a fat content of 7-8% (Soysal, 2009). By the end of lactation, fat content increases more, and besides that it may reach to the levels of 12,5-15% (Kreul and Sarıcan, 1993).  The buffalo are the second largest source of milk supply in the world. The average fat content in buffalo milk is about 7 to 8% while protein content in buffalo milk ranges from 4.2 to 4.5% (Thomas, 2008). Considering statistical data, in 2013, the total number of water buffalo has increased to 117591 heads, the number of milking water buffalo has increased to 51940 heads and the amount of water buffalo milk production has reached to 51,947 tons (Anonymous 2014). Many studies have realized about water buffalo breeding as to increase water buffalo production in the world.  
Nili Ravi buffaloes’ average lactation period and average lactation milk yield were found 317 days and 2219 kg in Pakistan, respectively. Furthermore,  the first lactation milk yields were found in Nili Ravi, Murrah, and Egyptian buffaloes as 1854, 1654 and 1185, respectively. As to Italian buffaloes the producing was found as 2587 kg of milk on average 322,9 days (Muhammed, 2009). Malhado et al. (2013) have found milk yield and lactation period of crossbred buffaloes as 1546 kg and 252 days, respectively. Hasanpur et al. 2013 are showed in which some environmental factors and traits of various lactation curves. In this study, calving age, calving season, year of birth and year of calving were found statistically important factors on the lactation curve characteristics (P <0.05). In addition to this, it was reported that non-genetic factors have a significant role in determination of total milk yield and lactation in buffaloes. Garcia et al. (2013), are reported that 244-day mean milk yield and lactation period were 864 kg and 240 days, respectively. Additionally, while the heritability of milk yield and lactation length were detected to be 0.15 and 0.13, respectively, the genetic correlation between these properties, has found to be 0,63.
Lactation curve’s shape is a significant criteria. It is possible to draw some conclusions on lactation milk yield of animal. For instance, an animal showing little change during lactation is more preferable than an animal giving a large part of milk at the beginning and a little amount after peak yield. In this case, the first animal’s curve is called flat lactation curve, and the second animal’s curve is called the steep lactation curve. In animal breeding practice, animals with flat lactation curve, are preferred over the ones with steep lactation curve (Akbulut et al. 1994). Moreover, Soysal and Mutlu (2005); Kaygısız (1998) are stated that using partial lactation records, lactation curve may be employed in a method of estimating total lactation yield. Shokrollahi and Hasanpur (2014) were reported that the peak yield is accepted the most important factor determining the shape and total milk production of a buffalo. The phenotypic correlation between these parameters is strong and positive. 
Logarithmic, logarithmic quadratic, gamma, Wood, Goodall and Grossman and such models were used by Kaygısız (1999) in Turkey. Lactation length and its relationship with economic traits was investigated for 993 Nili-Ravi buffaloes. Lactation length and milk yield were found 289,5 days and 1984 kg respectively (Khan and Chaudhry, 2000).
Milk production traits of 534 Italian buffalo cows were analyzed with a mixed linear model in order to estimate lactation curves pertaining to different ages at calving and different seasons of calving. Average correlations among test day measures within lactation were 0.59, 0.31, and 0.36 for milk yield, fat, and protein percentages, respectively. At the same time, five standard linear functions of time were used to lactation curves. Goodness of fit was satisfactory for five models, although only the five-parameter model was found to fit all the three traits considered very well (Catillo at al. 2002).  Dimauro et al. (2005), were researched total 30296 test day milk yield record of Italian water buffalo cows. All date were grouped as herd, age at calving, calving season and year. The four linear models were used to lactation curve as Wood, Wilmink, Ali and Schaeffer and Legendre orthogonal polynomials. Ali and Schaeffer model was found the best fitted model. 
In a study, models were used called quadratic logarithmic linear, logarithmic quadratic, linear hyperbolic, inverse polynomial and Wilmink models by comparing different models of lactation curve. Moreover, the highest adjusted R2 was detected in logarithmic quadratic model (0.97) and has indicated as the adjusted R2 of Wilmink model was 0.86 (Gürcan et al., 2011).
Penchev et al, (2011), were aimed to show the effects of different factors on lactation curve at first-lactation Bulgarian Murrah buffalo cows. These factors were used as age at first calving, pregnancy-related status, lactation month, days in milk, calendar month of calving, and period of calving. The effect of age at first calving was found significantly higher to peak yield. The calendar month of calving and period were not important effect on lactation curve. Şahin et al. (2013), have compared different lactation curve models of Anatolian water buffaloes and Wood, Cobby and Le Du, exponential, parabolic exponential, inverse polynomial, quadratic, logarithmic quadratic and logarithmic linear models were used in defining lactation curve. The results indicated that quadratic logarithmic and quadratic models that produce the highest R2 and the lowest RSD values, are showing the best fit. The gamma-type function, exponential function, mixed log function and polynomial regression function were used to estimate lactation curve parameters for test day milk yields in Murrah buffaloes (Sahoo et al.  2014). Şahin et al (2015), were researched 690 lactation curves totally. All lactation were classified as 406 (58.84%) typical, 90 (13.04%) concave and 194 (28.12%) of a decreasing type according to Wood model. The Wood model was recommended as a useful model for breeding programme. In this study, daily milk yield records of Italian origined water buffaloes raised in İstanbul Province of Turkiye were used in modelling lactation curves for first lactation with three calving seasons and determining the most suitable model.
Material and Method
Animal material consisted of total 72 heads Italian water buffalo namely Mediterranean water buffalo population raised in intensive water buffalo farm in İstanbul whose recently imported from Italy. Milk yield records were taken as daily during lactation and which were in the first lactation periods. All animal were grouped to calving season as summer, spring and autumn. The change in yield with respect to time is researched with Wood, Wilmink and Cobby models (Wood, 1967; Wilmink 1987, Cobby and Le Du 1978). From another hand, in determination of the most appropriate one among the models used determination coefficients (R2) and Residual Standart Deviation (RSD) were utilized. RSD=[RSS/(n-p)]1/2 and RSS is Residual Sum of Squares, n is the number of observation and p is the number of the parameters. The functions of models (Wood, Wilmink, Cobby and Le Du) have been indicated in Table 1. Modelling processes and parameter estimates of the models used were made in statistical package software Statistica (Statistica, 1994).

Parameter estimates for each one of the models, have been made. Depending on the characteristics of model used in parameter estimation, a, b, c, and k parameters as initial milk yield, pre-peak increase rate, post-peak decline rate, and peak-reach time, respectively and in the this research k parameters was assumed equal to 0,05 for Wilmink model (Özyurt and Özkan 2009). Moreover, in the study, persistence (S) values for Wood’s model, has been found to be S = -(1+b).lnc.   The day that the highest milk yield was obtained (Tmax) and maximum milk yield (Ymax), have been calculated to be Tmax=b/c and Ymax=a(b/c)be-b, respectively (Soysal and Gürcan 2000).
Results and Discussion	
At present study, milk yield records of 72 heads Italian water buffalo, have been kept to be used in modelling lactation curve. Additionally, the lowest milk yield and the highest total milk yield were found to be autumn and spring calving seasons as 1260.2 kg and 1780.4 kg, respectively. However, among the animals of which yield records were taken to first lactation, average lactation period was calculated as 234 days and average daily milk yield were calculated as 6.86 kg in general. This results are shown at table 2.


Table 1. The models and their functions 
	Models
	Functions 

	Wood
	Yt=atb e-ct

	Wilmink
	Yt=a + be-kt  + ct

	Cobby and Le Du
	Yt=a – bt – ae-ct 



Table 2. Lactation period (day), total milk yield (kg) and average daily milk yield (kg) according to calving seasons
	Calving Seasons
	N
	Lactation length 
	Total milk yield 
	Average daily milk yield

	Spring
	5
	236
	1780,4
	7,54

	Summer
	59
	239
	1639,4
	6,85

	Autumn
	8
	192
	1260,2
	6,58

	General
	72
	234
	1607,4
	6,86


Table 3. Parameter estimations according to Wood, Wilmink and Cobby and Le Du models for calving season
	Calving Seasons
	Models
	a
	b
	c
	R2
	RSD

	
Summer
	Wood
	7,90
	0,098
	0,0044
	0,94
	1,00

	
	Wilmink
	10,42
	-1,328
	-0,024
	0,92
	1,17

	
	Cobby and Le Du
	10,20
	0,022
	0,8419
	0,93
	1,09

	
Spring
	Wood
	5,45
	0,232
	0,0062
	0,64
	16,85

	
	Wilmink
	11,84
	-4,99
	-0,032
	0,63
	16,88

	
Autumn
	Wood
	7,88
	0,112
	0,0072
	0,88
	5,34

	
	Wilmink
	10,11
	-0,66
	-0,034
	0,85
	5,76


R2= Determination Coefficient, , RSD=Residual Standart Deviation


In the study conducted to model lactation curve of the water buffalo, of which milk yield records were kept, Wood, Wilmink and Cobby and Le Du models were utilized. The parameters estimations related to these models are demonstrated in Table 3. According to the results, initial milk yields of summer calving season for Wood, Wilmink and Cobby and Le Du models were detected as 7.90 kg, 10.42 kg and 10.20 kg, respectively. Subsequently, in the same order, determination coefficients were determined as 0.94, 0.92, and 0.93, respectively. Accordingly, among the models studied, Wood model was the one with the highest determination of coefficient for all calving season.
On the other hand, values of persistency (S), maximum milk yield (Ymax) and time of the maximum milk yield (Tmax), which belong to Wood model, are presented in Table 4 for all calving seasons. Accordingly, for Wood model, persistency values was 5.89, Ymax values was 9.76 and Tmax values was 25.07 for general groups, respectively.
Şahin et al (2015), were found a, b, c, persistency (S), Tmax, Ymax, and R2 as 7.14, 0.85, 0.40, 2.68, 63.6, 6.41, 76.33 and 4.94, -0.73, -0.23, 95.40, 7.41 and 71.68,  respectively of typical and concave lactation curves for Wood model.  The peak yield from all lactation curves functions was found to be highest around 65th day of lactation in Murrah buffaloes. The best function were found mixed log function explaining highest coefficient of determination and in Murrah buffaloes  (Sahoo et al.  2014).
The change in observed yield and predicted yield with respect to time is demonstrated in Figure 1, 2 and 3.

Table  4. Persistence, Ymax and Tmax values of Wood models according to calving seasons  
	Calving Seasons
	S
	Ymax
	Tmax

	Summer
	5,95
	9,70
	22,27

	Spring
	6,26
	10,01
	37,41

	Autumn
	5,48
	9,57
	15,55

	General
	5,89
	9,76
	25,07
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Figure 1. Lactation curves of Wood, Wilmink and Cobby and Le Du models for calving season of summer.
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Figure 2. Lactation curves of Wood and Wilmink models for calving season of spring.
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Figure 3. Lactation curves of Wood, Wilmink models for calving season of autumn
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Present study, Wood, Wilmink and Cobby and Le Du models were used. Furthermore, among the models used, the highest coefficient of determination was determined for the Wood model for all groups. Nevertheless, Şahin et al. (2013), have compared Wood, Cobby and Le Du, exponential, parabolic exponential, inverse polynomial, quadratic, Logarithmic Quadratic and Logarithmic Linear models were used in the conduct of this study. Subsequently, it is detected that quadratic logarithmic and quadratic models that produce the highest R2 and the lowest RSD values. Gürcan et al. (2011) have used quadratic logarithmic linear, logarithmic quadratic, linear hyperbolic, inverse polynomial and Wilmink models. Subsequently, among the models used in the research, the most suitable and the highest adjusted R2 value was found in logarithmic quadratic model (0.97). 
This study is showed that the daily milk yield records of first lactation for Italian water buffalo, Wood, Wilmink and Cobby and Le Du models were compared with fitness criteria. Ultimately, it is found that the Wood model has the best fitted model among all models for all groups. According to the data obtained from the animals used for the lactation curves.
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