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The estimation of lactation curve parameters from test-day milk yield in Holstein-Friesian cows was 
investigated. The material of this study was formed by 18081 test-day records of 68 Holstein-Friesian 
cows raised between the years of 2011 and 2013 in a dairy farm at Bozdogan province in Turkey. Milk 
yields were obtained from the morning and evening milking of each cow. The Wood model was used for 
the estimation of the parameters of lactation curve. The a, b, c (parameters of lactation curve) and 
coefficients of determination (R

2
) were found as 22.215 ± 1.4957, 23.641 ± 0.4111, 23.126 ± 2.0427; 0.043 

± 0.0288, 0.051 ± 0.0204, 0.092 ± 0.0344; 0.002 ± 0.0004, 0.004 ± 0.0005, 0.004 ± 0.0007 and 0.531 ± 0.0359, 
0.556 ± 0.0466, 0.651 ± 0.0396 for 1

st
, 2

nd
 and 3

rd
 parities, respectively. The Wood model was proposed 

due to indicated higher adaptability to various data sets and degree of accuracy in representing the 
shape of the lactation curve for Bozdogan dairy cows. 
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INTRODUCTION 
 
The effective dairy production relate to a large scale on 
suitable decisions made at several production phases. 
Countless genetic and environmental agents that affect 
animals productivity could inconvenience decisions 
making, consequently, certain facility for simplification of 
herd management decisions on dairy farm is required 
(Gantner et al., 2010).  

In practice given the evaluation of milk production of a 
cow in dairy farms, addition to the total or 305-day milk 
yield, lactation curve may be of beneficial. The graphical 
representation of the change of milk yield with time is 
mentioned as ‘Lactation Curve’ in dairy cattle.  

Standard lactation curve shape may be defined as 
elevating with a relatively high rate, till to the point where 
peak production is attained, after which it diminished at a 
slower rate until final milk  production  (Lombaard,  2006).   
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The estimation shape of lactation curve supply with 
information about economic and biological effectiveness 
of dairy cows and support management decisions 
(milking schemes, feeding, culling, fertility and health 
status monitoring etc.) (Grossman and Koops, 1988; 
Sakul and Boylan, 1992; Tozer and Huffaker, 1999; 
Lombaard, 2006; Gołębiewski et al., 2011; Macciotta et 
al., 2011; Elahi Torshizi et al., 2011). In general, lactation 
curve models are used in estimation of future milk 
production of a dairy herd or an individual cow herd for 
the aim of culling or keeping breeding stock (Lombaard, 
2006; Seyed-Sharifi et al., 2009; Gantner et al., 2010).  

In this study, the parameters of lactation curve were 
estimated to provides information about future milk 
production of Holstein-Friesian cows in Bozdogan 
province in Turkey. 
 
 
MATERIALS AND METHODS 
 
The material of this study was obtained from  18081  test- 
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Table 1. The means and standard errors (SE) of test-day milk yield and actual milk yield according to lactation (kg). 
 

 

Lactations 

 

N 

Test-day milk yield (kg) 

X
SX ±  

Actual milk yield (kg) 

X
SX ±  

** * 
I 32 18.02b ± 0.073 4678.09a ± 250.565 
II 15 18.29b ± 0.099 5056.13ab ± 232.100 
III 21 20.35a ± 0.109 5478.14b ± 419.417 

 

*: P<0.05; **: P<0.01; a, b, c, d: Least square means on the same column within years 
 
 

Table 2. The means and standard errors (SE) of parameters of Wood model. 
 

        Parameters 

 

Lactations  

N a 

X
SX ±  

b 

X
SX ±  

c 

X
SX ±  

R
2 

X
SX ±  

I 32 22.215 ± 1.4957 0.043 ± 0.0288 0.002 ± 0.0004 0.531 ± 0.0359 
II 15 23.641 ± 0.4111 0.051 ± 0.0204 0.004 ± 0.0005 0.556 ± 0.0466 
III 21 23.126 ± 2.0427 0.092 ± 0.0344 0.004 ± 0.0007 0.651 ± 0.0396 

 
 
 
day records of 68 Holstein-Friesian cows at 1st, 2nd and 
3rd lactations and raised between the years of 2011 and 
2013 in a dairy farm at Bozdogan province in Turkey. The 
whole cows had two times a day milking in dairy farm. 
The Gamma function of Wood (1967) as the 
mathematical models used to identify of lactation curve 
and the estimation of the parameters of lactation curve. 
The Wood model: 
 
Y t  =  a t

b
e

( - c t )
 

 
where Yt milk yield on day t, a approximates the initial 
milk yield after calving, b is the increasing slope 
parameter up to lactation peak yield, and c is the 
decreasing slope parameter of lactation curve, e is the 
base of the natural logarithms (Ln). The lactation curves 
were drawn for the herd’s mean and each lactation 
benefit from the estimation of the parameters. The SPSS 
(2008) programme was used to calculate curve 
parameters ‘a’, ‘b’, ‘c’ and estimation the coefficient of 
determination (R2). A one-way ANOVA method was used 
to determine the effect of lactation on Wood’s parameters 
(SPSS, 2008). The differences between subclass means 
were determined by Duncan’s multiple range test (Steel 
and Torrie, 1984). 
 
 
RESULTS  
 
In this study, descriptive statistics for test-day and actual 
milk yield are presented in Table 1. The maximum mean 
value of test-day milk yield and actual milk yield was 
observed in 3rd lactation (20.35 ± 0.109 kg and 5478.14 ± 
419.417, respectively). The difference between lactations  

according to test-day milk yields was found statistically 
significant (P<0.01). It was determined that lactation had 
significant effect on actual milk yield (P<0.05). 

Estimates of lactation curve parameters are presented 
in Table 2. The a parameter value of Wood’s model was 
estimated 22.21, 23.64 and 23.12 at 1th, 2nd and 3rd 
lactations, respectively. Orman and Ertugrul (1999) 
reported a parameter estimates to be between 11.96 and 
18.55 from1th to 6th lactation by the Wood Model. Orhan 
and Kaygisiz (2002) notified that a parameter was found 
20.6 by Wood’s model. Quinn et al. (2005) reported that a 
parameter value was found 25.20 by Wood’s model. 
Cagan and Ozyurt (2008) reported a parameter was 
estimated 20.55, 21.48 and 23.41 for first, second and 
third lactations with Wood model, respectively. 
Accordingly, a parameter was found 27.1 by Wood’s 
model (Keskin et al., 2009). The a parameter estimates 
were reported by Elahi Torshizi et al. (2011) was 4.98, by 
Patel and Vataliya (2011) was 58.99 to 91.25, by Jeretine 
et al. (2013) were 15.7, 19.3 and 19.4 for 1th, 2nd and ≥3rd 
lactations by the Wood model, respectively.  

The b parameter values of Wood’s model for three 
parities were estimated 0.04, 0.05 and 0.09, respectively. 
Orman and Ertugrul (1999) reported b parameter 
estimates to be between 0.17 and 0.22 from1th to 6th 
lactation by the Wood Model. The b parameter was found 
0.21 by Wood’s model in Orhan and Kaygisiz’s (2002) 
study. The b estimates reported by Quinn et al. (2005) 
were 0.35, 0.27 and 0.32 by the Wood’s linear, weighted 
linear and nonlinear forms, respectively. Same parameter 
was found 0.09, 0.10 and 0.09 using Wood model for 1th, 
2nd and 3rd lactations, respectively (Cagan and Ozyurt, 
2008). Keskin et al. (2009) reported the b parameter by 
Wood model that were estimated 0.32 for lactation curve.  



 

                                                                                                Ural and Koskan          147 
 
 
 
The b parameter estimates were reported by Elahi 
Torshizi et al. (2011) was 0.218, by Patel and Vataliya 
(2011) was 0.12 to 0.27, by Jeretina et al. (2013) were 
0.184, 0.193 and 0.179 for 1th, 2nd and ≥3rd lactations by 
the Wood model, respectively. 

The c parameter values for 1th, 2nd and 3rd parities were 
found 0.002, 0.004 and 0.004 by Wood’s model, 
respectively. Orman and Ertugrul (1999) reported c 
parameter estimates to be between 0.004 and 0.007 
from1th to 6th lactation by the Wood model. The c 
parameter values was estimated 0.004, 0.003 and 0.003 
by Wood’s linear, weighted linear and nonlinear forms, 
respectively (Quinn et al., 2005). Cagan and Ozyurt 
(2008) reported that c parameter was estimated to be 
0.001, 0.002 and 0.002 for first, second and third 
lactations, respectively. The c parameter estimates were 
reported by Orhan and Kaygisiz (2002) was 0.006, by 
Keskin et al. (2009) was 0.140, by Elahi Torshizi et al. 
(2011) was 0.002, by Patel and Vataliya (2011) was 
0.023 to 0.035, by Jeretina et al. (2013) were 0.002, 
0.003 and 0.001 for 1th, 2nd and ≥3rd lactations by the 
Wood model, respectively. 
Keskin et al. (2009) reported a high value of a (initial milk 
yield after calving) and b (the increasing slope parameter 
up to lactation peak yield) parameters and low of c (the 
decreasing slope parameter of lactation curve) parameter 
at lactation curve for more milk production. The 
parameters of Wood’s model obtained in this study are 
comparable with those reported by other researchers. 
The results were generally showed similarity to 
aforementioned findings of some author for a parameter 
(Orhan and Kaygisiz, 2002; Quinn et al., 2005; Cagan 
and Ozyurt, 2008), were lower than findings of some 
researchers for b parameter (Orman and Ertugrul, 1999; 
Orhan and Kaygisiz, 2002; Quinn et al., 2005; Keskin et 
al., 2009; Elahi Torshizi et al., 2011; Patel and Vataliya, 
2011) and were similar with findings of some authors for 
c parameter (Orman and Ertugrul, 1999; Quinn et al., 
2005; Patel and Vataliya, 2011; Jeretina et al., 2013). 
These difference and similarity between parameters 
probably may be due to management and environmental 
conditions. Hence, Orman and Ertugrul (1999) reported 
that milk yields of Holstein-Friesian cows show variability 
as to wealthy pasturage and temperate zones.  

The coefficients of determination (R2) were changed 
between from 0.53 to 0.65 in Table 2. In this study, R2 
value of first lactation was lower than in later lactations. 
On the other contrary, the similar situation was not 
present in the study of Orman and Ertuğrul (1999). This 
authors reported that estimates of R2 changing from 0.73 
to 0.79, depending on the lactation by the Wood model. 
The R2 estimates were reported by Orhan and Kaygisiz 
(2002) was 0.62, by Quinn et al. (2005) was 0.63, by 
Cagan and Ozyurt (2008) was 0.93 for each lactation, by 
Kocak and Ekiz (2008) was 0.59, 0.70 and 0.73 for 1th, 
2nd and 3rd, respectively, by Atashi et al. (2009) was 0.70, 
by Keskin et al. (2009) was 0.65, by Elahi Torshizi et al. 

(2011) was 0.99, by Patel and Vataliya (2011) was 0.87 
to 0.97, by Jeretina et al. (2013) were 0.36, 0.33 and 0.15 
for 1th, 2nd and ≥3rd lactations by the Wood Model, 
respectively. In the current study, the R2 values were 
found similar with findings of some researchers (Orhan 
and Kaygisiz, 2002; Quinn et al. 2005; Keskin et al. 
2009).  

The parameters of lactation curve are i n f l u e nc e d  by 
some environmental factors such as lactation, calving 
year, calving season, calving age, pregnancy status and 
the duration of the drying-off period (Tekerli et al., 2000; 
Capuco et al., 2003; Rekik and Gara, 2004; Macciotta et 
al., 2006; Cole et al., 2009; Jeretina et al., 2013). In this 
study, the effect of lactation on lactation parameters (a, b, 
c) was found non-significant (P>0.05). Similar results 
were notified by Cagan and Ozyurt (2008), but some 
researchers reported significant effect of lactation on 
lactation curve parameters of Wood model (Tekerli et al, 
2000; Horan et al., 2005; Kocak and Ekiz 2008).  

Predicted lactation curves as to parities (1st, 2nd and 3rd) 
by Gamma function were given in Figure 1. The actual 
and predicted curve started same rate to lactation in 
Figures 1, 2 and 3. The curves of Gamma function for all 
lactation are very similar. The actual and predicted 
lactation curves generally collide with one another in the 
midst of 1th lactation. In second lactation, it was shown 
that actual and predicted lactation curves collided with 
one another different point of second and third lactation. 
 
 
Conclusıon  
 
The primary aim of this study was determination of 
lactation curve parameters from test-day milk yield by 
Wood’s model. In previous period, approaches to 
mathematical define of lactation curve in dairy cattle have 
high in number. The mathematical modeling of great 
amount of singular animal data will undispute raise the 
amount of knowledge available with positive results for 
management and breeding decisions. Besides, 
mathematical modeling will be asked to mention new 
topics: check of major variation within cows, data 
rectification for the large variation in milking intervals and 
frequencies between individuals, evaluation of individual 
deviations from expectable structure for controlling 
nutritional and health status (Macciotta et al., 2011).  

In the present study, the Wood model was preferred to 
high adaptability to small data set. The Wood’s model is 
primary of the most widespread models in fitting test-day 
milk yield for estimation of shape of lactation curve 
(Jeretine et al., 2013). Friggens et al. (1999) reported that 
handicap of Wood’s function developed out of power 
function tb used to define the growth phase of lactation in 
model. Besides, some authors notified that estimation of 
lactation curve is supplied with a small data set without 
systematical milk recording by Wood’s model (Grossman 
and Koops, 2003; Val-Arreola et al., 2004; Silvestre et al.,  



 

         148          Res. J. Agric. Environ. Manage. 
 
 
 

0

5

10

15

20

25

30

1 16 31 46 61 76 91 106 121 136 151 166 181 196 211 226 241 256 271 286 301

Test-days

M
il

k
 y

ie
ld

 (
k
g

)

Actual Gamma
 

 
Figure 1. Actual and predicted lactation curves for 1st lactation. 
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Figure 2. Actual and predicted lactation curves for 2nd lactation. 
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Figure 3. Actual and predicted lactation curves for 3rd lactation 



 

 
 
 
 
2006).  

In this study, a, b and c parameters of lactation curve 
were in harmony with findings of some authors. R2 values 
indicated that the Wood model is fit for lactation curve in 
Holstein-Friesian cows, despite determination coefficients 
(R2) for parameters were estimated relatively middle level 
for lactations. Consequently, identification of individual 
lactation curve has an important role for interpretation of 
cow milk production according to lactations. 
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