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Abstract
To evaluate effect of dystocia on the lactation curve characteristics for milk yield and composition in Holstein cows, six non-linear 

models (Brody, Wood, Sikka, Nelder, Dijkstra and Rook) were fitted on 5,917,677 test day records for milk yield (MY), fat (FP) and 
protein (PP) percentages, fat to protein ratio (FPR) and somatic cell score (SCS) of 643,625 first lactation Holstein cows with normal 
calving or dystocia from 3146 herds which were collected by the Animal Breeding Center of Iran. The models were tested for goodness 
of fit using adjusted coefficient of determination, root means square error, Akaike’s information criterion and Bayesian information 
criterion. Rook model provided the best fit of the lactation curve for MY and SCS in normal and difficult calvers and dairy cows with 
dystocia for FP. Dijkstra model provided the best fit of the lactation curve for PP and FPR in normal and difficult calvers and dairy cows 
with normal calving for FP. Dairy cows with dystocia had generally lower 100-d, 200-d and 305-d cumulative milk yield compared 
with normal calvers. Time to the peak milk yield was observed later for difficult calvers (89 days in milk vs. 79 days in milk) with 
lower peak milk yield (31.45 kg vs. 31.88 kg) compared with normal calvers. Evaluation of the different non-linear models indicated 
that dystocia had important negative effects on milk yield and lactation curve characteristics in dairy cows and it should be reduced as 
much as possible in dairy herds. 
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Introduction

Reproductive problems happen frequently in lactating 
dairy cows and can largely influence reproductive 
efficiency in a dairy farm (Sewalem et al., 2008; Ghavi 
Hossein-Zadeh, 2013). These problems result in high 
economic losses and public health issues in dairy in
dustry. Therefore, low reproductive efficiency is known 
as the main reason for involuntary culling and has a 
negative effect on the later productive performance of 
a dairy herd. One of the major health problems which 
has a negative effect on reproductive ability of dairy 
cows and imposed major economic losses in dairy 
herds is dystocia. These are different disorders that are 
similar in that they all can lead to impaired reproductive 
performance. Dairy producers should emphasize on the 

prevention and control of risk factors for dystocia and 
consult with their herd veterinarian to apply appropriate 
management interventions when essential (Fricke, 2001). 

Dystocia is routinely defined as difficult or lengthened 
calving (Mee, 2008), although different range of defi
nitions was provided for dystocia in the literature 
varying from assistance requirement to substantial force 
or surgery for taking out the newborn calf (Mee, 2008). 
Several methods are existed to evaluate the calving 
difficulty (also known as calving ease in cattle). Ordinal 
scales with three to five rating points are accepted in 
cattle to score various degrees of difficulty (Mee, 2008). 
The lowest and highest scores are usually assigned to 
the easiest and the most difficult calvings, respectively. 
Previous studies reported different outcomes for 
dystocia including increased rate of calf mortality and 
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morbidity (Lombard et al., 2007; Ghavi Hossein-Zadeh, 
2014b), decreased fertility (Lopez de Maturana et al., 
2007; Tenhagen et al., 2007) and milk yield (McGuirk et 
al., 2007; Ghavi Hossein-Zadeh, 2014b) as well as cow 
survival and longevity (Lopez de Maturana et al., 2007), 
and increase in the culling rate in dairy herds (Ghavi 
Hossein-Zadeh, 2016).

Lactation curve provides information on the rela
tionship between milk yield and milking time beginning 
at calving (Ghavi Hossein-Zadeh, 2014a). Models 
which characterize productive performance over time 
can be very helpful in genetic breeding strategies, 
feeding management of dairy herd, and making decision 
on keeping or removal of dairy cows from the herd 
and designing simulation systems of milk production 
(Cankaya et al., 2011; Ghavi Hossein-Zadeh, 2014a). 
There are different empirical and mechanistic functions 
which characterize the lactation curve features to provide 
information on the biology of lactation in dairy cows 
(Wood, 1967; Rook et al., 1993; Dijkstra et al., 1997). 
These functions are beneficial to study effect of dystocia 
on different parts of lactation curve for milk yield and 
composition more accurately and in much more detail 
(Rajala & Gröhn, 1998; Atashi et al., 2012). However, 
studies on the effect of dystocia on the lactation curve 
features of dairy cows are scarce in the literature. 
Therefore, the aim of the current study was to evaluate 
effects of dystocia on the main features of lactation curves 
for MY and its composition (milk fat percentage (FP), 
milk protein percentage (PP), milk fat to protein ratio 
(FPR) and somatic cell score (SCS)) for the first lactation 
of Iranian Holsteins, using six non-linear mathematical 
models (Brody, Wood, Sikka, Nelder, Rook and Dijkstra).

Material and methods 

Data set

Data set consisted of 5,917,677 test day records for 
milk yield (MY), fat (FP) and protein (PP) percentages, 
fat to protein ratio (FPR) and somatic cell score [SCS = 
3 + log2 (SCC/100); where SCC is somatic cell count in 

cells/µL] of 643,625 first lactation Holstein cows from 
3146 herds which were collected by the Animal Breeding 
Center of Iran from April 1987 to February 2014. Because 
previously collected data was used in this study it was 
not required to obtain ethical approval for conducting 
it. General characteristics of dairy herds in Iran along 
with their management were reported in previous study 
(Ghavi Hossein-Zadeh et al., 2008). Outliers and out of 
range productive records were deleted from the analyses. 
Records from days in milk (DIM) <5 and >305 days 
were eliminated and only cows with at least four test-
day records were remained in the data set. Records were 
also eliminated if no registration number was present 
for a given cow. Analyses were applied to only the first 
lactation and, therefore, data from later lactations were 
also discarded. Age at first calving varied between 20 and 
40 months. Individual daily milk production should be 
between 3 and 90 kg. Also, fat and protein percentages 
should be in a range from 1 to 9%. Calvings were scored 
on a 5-point system of difficulty with increments of 1, 
where score 1 = unassisted, score 2 = slight assistance, 
score 3 = considerable assistance, score 4 = considerable 
force needed, and score 5 = caesarian. In the current study, 
dystocia scores of 1 and 2 were combined to consider as 
normal or easy calving (92.03% of total calvings), and 
other scores were considered as difficult calving (7.97% 
of total calvings). Therefore, data set was stratified into 
two parts based on dystocia score and different non-linear 
lactation models considered were fitted on these two sub 
data. Descriptive statistics for test-day productive records 
in the first lactation of Holstein cows are shown in Table 1.

Lactation curve models

The non-linear models used to describe the lactation 
curves for milk yield and compositions are presented in 
Table 2. The Brody, Wood, Sikka, Nelder, Dijkstra and 
Rook functions were non-linear functions to model the 
relationship between productive traits and days in milk. For 
all models, peak yield (PY) was assumed as the maximum 
test day milk yield or minimum milk constituents and 
peak time (PT) was accepted as the test time, at which 
daily milk yield was maximum or milk constituents were 

Table 1. Descriptive statistics for test-day productive records in the first lactation of Holstein cows.

Trait
All dairy cows Dairy cows with normal calving Dairy cows with dystocia

Mean SD Min Max Mean SD Min Max Mean SD Min Max
MY (kg) 28.88 8.18 3 90 28.92 8.19 3 90 28.35 7.93 3 87
FP (%) 3.23 0.85 1 9 3.22 0.85 1 9 3.28 0.86 1 9
PP (%) 3.12 0.40 1 9 3.12 0.40 1 9 3.12 0.41 1 9
FPR 1.06 0.29 0.13 9 1.06 0.29 0.13 9 1.09 0.30 0.18 6.72
SCS 2.56 1.89 0.06 10.64 2.56 1.89 0.06 10.64 2.48 1.86 0.06 10.54

MY: milk yield; FP: fat percentage; PP: protein percentage; FPR: fat to protein ratio; SCS: somatic cell score.
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minimum. The ratio between the milk yields of the second 
100 days of lactation and those of the first 100 days (P2:1) 
was considered as a persistency measure in this study 
(Johansson & Hansson, 1940).

Statistical analyses

Each model was fitted separately to monthly productive 
records of normal and dystocial dairy cows using the 
NLIN and MODEL procedures in SAS (SAS Inst., 2002) 
and the parameters were estimated. When non-linear 
functions were fitted, the Gauss-Newton method was 
applied as the iteration method. The models were tested 
for goodness of fit (quality of prediction) using adjusted 
coefficient of determination ( 2

adjR ), residual standard 
deviation or root means square error (RMSE), Akaike’s 
information criterion (AIC) and Bayesian information 
criterion (BIC). 

 2
adjR  was calculated using the following formula:

where, R2 is the coefficient of determination  
 TSS is total sum of squares, RSS is residual 

sum of squares, n is the number of observations (data points) 
and p is the number of parameters in the equation. The 

coefficient of determination lies always between 0 and 1, 
and the fit of a model is satisfactory if R2 is close to unity.

RMSE is a kind of generalized standard deviation and 
was calculated as follows:

 

The best model was considered one with the lowest 
RMSE. AIC was calculated as using the equation:

 

A smaller numerical value of AIC indicates a better fit 
when comparing models. BIC was calculated as using the 
equation:

 

A smaller numerical value of BIC indicates a better fit 
when comparing models.

Results

Estimated parameters of non-linear equations for 
the dairy cows with normal or dystocial calvings are 

Table 2. Equations and their features used to describe the lactation curve of Holstein cows.
Equation Functional form PT PY

Brody ( )( )1 cty a be −= − Not applicable Not applicable

Wood b cty at e−=
b
c

b
bba e

c
− 

 
 

Parabolic 
(Sikka)

( )2bt cty ae −
= 2

b
c

2

4
b

cae
 
  
 

Inverse 
polynomial 
(Nelder) ( )2

ty
a bt ct

=
+ +

a
c

1 2 ac
b
+

Rook
1

1

dty a e
b

c t

−

 
 
 =

  +   +  

( )
2

2 2
b b bc c c b c

d
    − + + + − + +         

( )

( )
1

c PTae
b

c PT

−

 
+ + 

Dijkstra
( )1 ctb e

dt
c

y ae

− −
 −
 
  =

1 ln bc
d

−  
 
 

( )d b d
c cda e

b

− 
 
  

 
 

y= milk yield and composition; PY= maximum value for MY and minimum value for FP, PP, FPR and SCS; PT= peak time for MY 
and minimum time for FP, PP, FPR and SCS; a, b, c and d are parameters that define the scale and shape of the lactation curve; t= time 
from parturition.



Navid Ghavi Hossein-Zadeh

Spanish Journal of Agricultural Research March 2019 • Volume 17 • Issue 1 • e0401

4

greatest values of AIC, BIC and RMSE. 2
adjR  values 

were generally similar among models. Therefore, 
Dijkstra and Rook equations provided the best fit of the 
lactation curve for FP in normal and difficult calvers, 
respectively, while Brody model provided the worst fit.

Goodness of fit statistics for the six functions fitted 
to average standard curves of PP according to dystocia 
score are shown in Table 7. The Dijkstra model provided 
the lowest values of AIC and BIC in dairy cows with 
normal calving and dystocia. The Wood, Nelder, Sikka, 
Rook and Dijkstra equations provided the lowest RMSE 
values for normal and difficult calvers. In general, the 
Brody model had the greatest values of AIC, BIC and 
RMSE. 2

adjR  values were generally similar among mo
dels. Therefore, Dijkstra equation provided the best 
fit of the lactation curve for PP in normal and difficult 
calvers, respectively, while Nelder model provided the 
worst fit.

Goodness of fit statistics for the six functions fit
ted to average standard curves of FPR according 
to dystocia score are shown in Table 8. The Dijkstra 
model provided the lowest values of AIC and BIC in 
dairy cows with normal and difficult calvings. Brody 
model had the greatest values of AIC and BIC. 2

adjR  and 

presented in Tables 3 and 4, respectively. Also, goodness 
of fit statistics for the six functions fitted to average 
standard curves of MY according to dystocia score are 
shown in Table 5. The Rook model provided the lowest 
values of AIC and BIC in normal and difficult calvers. 
For normal calvers, Wood, Rook and Dijkstra equations 
provided the lowest RMSE values. For difficult calvers, 
Rook and Dijkstra equations provided the lowest 
RMSE values. In general, the Brody model had the 
greatest values of AIC, BIC and RMSE. 2

adjR  values 
were generally similar among models. Therefore, Rook 
model provided the best fit of the lactation curve for 
MY in normal and difficult calvers, while Brody model 
provided the worst fit.

Goodness of fit statistics for the six functions fitted 
to average standard curves of FP according to dystocia 
score are shown in Table 6. The Dijkstra model 
provided the lowest values of AIC and BIC in dairy 
cows with normal calving, while Rook model had the 
lowest values for difficult calvers. For normal calvers, 
Wood, Nelder, Rook and Dijkstra equations provided 
the lowest RMSE values. For difficult calvers, Wood, 
Nelder, Rook and Dijkstra models had the lowest 
values of RMSE. In general, the Brody model had the 

Table 3. Parameter estimates for the different lactation equations of the dairy cows with 
normal calving.

Trait Parameter
Model

Brody Wood Sikka Nelder Rook Dijkstra
MY a 29.16 18.51 28.32 0.12 37.78 21.23

b 0.50 0.15 0.001 0.03 8.21 0.02
c 0.14 0.002 0.000006 0.00003 7.31 0.05
d - - - - 0.001 0.001

FP a 3.20 4.75 3.40 -0.56 2.71 4.28
b -0.46 -0.12 -0.001 0.34 -6.37 -0.02
c 0.11 -0.001 -0.000005 -0.0001 14.60 0.05
d - - - - -0.0007 -0.0005

PP a 3.12 3.58 3.04 -0.36 2.85 4.06
b -0.54 -0.05 -0.0001 0.35 -1.19 -0.04
c 0.26 -0.001 -0.000001 -0.0002 0.75 0.11
d - - - - -0.0005 -0.0004

FPR a 1.04 1.38 1.16 -0.83 0.84 1.21
b -0.18 -0.07 -0.001 0.95 -29.04 -0.004
c 0.03 -0.0004 -0.000004 0.00006 94.36 0.02
d - - - - -0.0005 -0.0003

SCS a 2.54 3.81 2.63 -0.82 2.10 3.58
b -0.66 -0.13 -0.001 0.44 -5.23 -0.03
c 0.16 -0.002 -0.000005 -0.0003 9.72 0.06
d - - - - -0.0009 -0.0007

MY: milk yield; FP: fat percentage; PP: protein percentage; FPR: fat to protein ratio; SCS: somatic cell 
score; a, b, c and d are parameters that define the scale and shape of the lactation curve.
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Table 4. Parameter estimates for the different lactation equations of the dairy cows with 
dystocia.

Trait Parameter
Model

Brody Wood Sikka Nelder Rook Dijkstra
MY a 28.66 16.54 27.10 0.14 38.03 19.69

b 0.53 0.18 0.002 0.03 10.27 0.02
c 0.12 0.002 0.000007 0.00004 7.73 0.05
d - - - - 0.001 0.001

FP a 3.26 5.16 3.52 -0.62 2.71 4.57
b -0.55 -0.14 -0.002 0.34 -7.27 -0.02
c 0.11 -0.001 -0.000005 -0.0002 15.06 0.05
d - - - - -0.0008 -0.0006

PP a 3.11 3.62 3.02 -0.40 2.80 4.19
b -0.66 -0.06 -0.0001 0.35 -1.33 -0.04
c 0.28 -0.0009 -0.000002 -0.0002 0.84 0.11
d - - - - -0.0006 -0.0005

FPR a 1.07 1.53 1.22 -1.02 0.87 1.30
b -0.24 -0.09 -0.002 0.92 -25.56 -0.005
c 0.03 -0.0005 -0.000004 0.0001 75.03 0.02
d - - - - -0.0005 -0.0002

SCS a 2.46 3.92 2.59 -0.93 2.00 3.56
b -0.72 -0.15 -0.001 0.46 -6.34 -0.03
c 0.15 -0.002 -0.000006 -0.0003 11.30 0.06
d - - - - -0.001 -0.0007

MY: milk yield; FP: fat percentage; PP: protein percentage; FPR: fat to protein ratio; SCS: somatic 
cell score; a, b, c and d are parameters that define the scale and shape of the lactation curve.

Table 5. Comparing goodness of fit for average standard curves of milk yield according to dystocia 
class, for Brody, Wood, Sikka, Nelder, Rook and Dijkstra models.

Dystocia 
score Statistics

Model
Brody Wood Sikka Nelder Rook Dijkstra

1 2
adjR 0.93 0.93 0.93 0.93 0.93 0.93

RMSE 8.10 7.91 7.97 7.92 7.91 7.91
AIC 62974684 62818297 62863812 62823084 62815423 62816222
BIC 12508854 12370457 12410736 12374694 12367927 12368634

2 2
adjR 0.93 0.93 0.93 0.93 0.93 0.93

RMSE 7.82 7.64 7.70 7.64 7.63 7.63
AIC 4741424 4727993 4733017 4728538 4727689 4727751
BIC 1169786 1156355 1161379 1156900 1156062 1156123

2
adjR : adjusted coefficient of determination; RMSE: root means square error; AIC: Akaike information criteria; 

BIC: Bayesian information criteria.

RMSE values were generally similar among models. 
Therefore, Dijkstra equation provided the best fit of the 
lactation curve for FPR in normal and difficult calvers, 
respectively, while Brody model provided the worst fit.

Goodness of fit statistics for the six functions fitted to 
average standard curves of SCS according to dystocia 

score are shown in Table 9. The Rook model provided 
the lowest values of AIC and BIC in dairy cows with 
normal and difficult calvings. 2

adjR  and RMSE values 
were generally similar among models in normal calvers. 
However, 2

adjR  values were similar among models for 
difficult calvers. The Brody, Wood and Sikka provided 
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Table 6. Comparing goodness of fit for average standard curves of fat percentage according to 
dystocia class, for Brody, Wood, Sikka, Nelder, Rook and Dijkstra models.

Dystocia 
score Statistics

Model
Brody Wood Sikka Nelder Rook Dijkstra

1 2
adjR 0.94 0.94 0.94 0.94 0.94 0.94

RMSE 0.84 0.83 0.84 0.83 0.83 0.83
AIC 42383327 42341812 42377058 42351232 42339209 42339170
BIC -1036986 -1078501 -1043255 -1069081 -1081091 -1081130

2 2
adjR 0.94 0.94 0.94 0.94 0.94 0.94

RMSE 0.85 0.84 0.85 0.84 0.84 0.84
AIC 3053561 3049372 3053282 3050509 3049100 3049140
BIC -84032 -88221 -84311 -87084 -88482 -88443

2
adjR : adjusted coefficient of determination; RMSE: root means square error; AIC: Akaike information 

criteria; BIC: Bayesian information criteria.

Table 7. Comparing goodness of fit for average standard curves of protein percentage 
according to dystocia class, for Brody, Wood, Sikka, Nelder, Rook and Dijkstra models.

Dystocia 
score Statistics

Model
Brody Wood Sikka Nelder Rook Dijkstra

1 2
adjR 0.98 0.98 0.98 0.98 0.98 0.98

RMSE 0.40 0.39 0.39 0.39 0.39 0.39
AIC 26549101 26436874 26468663 26420835 26419995 26415997
BIC -3800479 -3912706 -3880916 -3928745 -3929573 -3933570

2 2
adjR 0.98 0.98 0.98 0.98 0.98 0.98

RMSE 0.40 0.39 0.39 0.39 0.39 0.39
AIC 1868571 1854560 1857850 1852914 1852822 1852442
BIC -329944 -343956 -340665 -345602 -345683 -346063

2
adjR : adjusted coefficient of determination; RMSE: root means square error; AIC: Akaike 

information criteria; BIC: Bayesian information criteria.

Table 8. Comparing goodness of fit for average standard curves of milk fat to protein ratio 
according to dystocia class, for Brody, Wood, Sikka, Nelder, Rook and Dijkstra models.

Dystocia 
score Statistics

Model
Brody Wood Sikka Nelder Rook Dijkstra

1 2
adjR 0.93 0.93 0.93 0.93 0.93 0.93

RMSE 0.29 0.29 0.29 0.29 0.29 0.29
AIC 24970319 24970068 24971633 24976869 24968755 24968683
BIC -5135501 -5135752 -5134187 -5128951 -5137053 -5137125

2 2
adjR 0.93 0.93 0.93 0.93 0.93 0.93

RMSE 0.30 0.30 0.30 0.30 0.30 0.30
AIC 1747029 1747025 1747379 1747888 1746911 1746904
BIC -436427 -436432 -436078 -435568 -436535 -436542

2
adjR : adjusted coefficient of determination; RMSE: root means square error; AIC: Akaike informa-

tion criteria; BIC: Bayesian information criteria.
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the greatest values for dairy cows with dystocia. 
Therefore, Rook equation provided the best fit of the 
lactation curve for SCS in normal and difficult calvers, 
respectively, while Brody model provided the worst fit. 

Observed and predicted PT and PY for milk yield 
and composition predicted by six non-linear models 
are shown in Table 10. Also, predicted lactation curves 
for milk yield, fat and protein percentages, fat to 
protein ratio and somatic cell score by different non-
linear models in dairy cows with normal calving and 
dystocia are presented in Figures 1 and 2, respectively. 
Dairy cows with difficult calving had generally lower 
100MY (100-d cumulative milk yield), 200MY (200-d 
cumulative milk yield) and 305MY (305-d cumulative 
milk yield) compared with normal calvers. Time to the 
peak milk yield was observed later for difficult calvers 
(89 days in milk vs. 79 days in milk) with lower peak 
milk yield (31.45 kg vs. 31.88 kg) compared with 
normal calvers. Evaluation of lactation curve features 
of normal calvers showed that the Dijkstra and Nelder 
equations were able to estimate time to the peak more 
accurately than the other equations, but Rook model 
provided more accurate estimate of peak milk yield, 
100MY and 200MY than other models. Brody equation 
provided more accurate 305MY compared with other 
models. In addition, the Wood model provided more 
persistent lactation curves of dairy cows with normal 
calving compared with other models. Evaluation of 
lactation curve features of difficult calvers showed that 
the Rook equation was able to estimate time to the peak 
more accurately than the other equations, but Sikka 
model provided more accurate estimate of peak milk 
yield than other models. The Wood equation predicted 
more accurate 100MY and 200MY and Brody equation 
provided more accurate 305MY compared with other 
models. The Nelder model provided more persistent 

lactation curves of dairy cows with dystocia compared 
with other models (Table 10). 

Time to the minimum FP was observed later for 
normal calvers (79 days in milk vs. 70 days in milk) 
with lower minimum FP (3.06% vs. 3.09%) compared 
with difficult calvers. Evaluation of lactation curve 
features of normal calvers showed that the Nelder 
equation was able to estimate time to minimum FP more 
accurately than the other equations, but Rook model 
provided more accurate estimate of minimum FP than 
other models. Evaluation of lactation curve features of 
difficult calvers showed that the Dijkstra equation was 
able to estimate time to minimum FP more accurately 
than the other equations, but Rook model provided 
more accurate estimate of minimum FP than other 
models (Table 10).

Time to the minimum PP was observed later for 
normal calvers (51 days in milk vs. 46 days in milk) 
with greater minimum PP (2.95% vs. 2.91%) compared 
with difficult calvers. Evaluation of lactation curve 
features of normal calvers showed that the Wood and 
Sikka equations were able to estimate time to minimum 
PP more accurately than the other equations, but Rook 
model provided more accurate estimate of minimum 
PP than other models. Evaluation of lactation curve 
features of difficult calvers showed that the Nelder and 
Rook equations were able to estimate time to minimum 
PP more accurately than the other equations, but Rook 
model provided more accurate estimate of minimum PP 
than other models (Table 10).

Time to the minimum FPR was observed later for 
normal calvers (161 days in milk vs. 130 days in milk) 
compared with difficult calvers, but minimum FPR 
was similar between two groups (1.03). Evaluation of 
lactation curve features of normal calvers showed that 
the Rook model was able to estimate time to minimum 

Table 9. Comparing goodness of fit for average standard curves of somatic cell score according 
to dystocia class, for Brody, Wood, Sikka, Nelder, Rook and Dijkstra models.

Dystocia 
score Statistics

Model
Brody Wood Sikka Nelder Rook Dijkstra

1 2
adjR 0.65 0.65 0.65 0.65 0.65 0.65

RMSE 1.88 1.88 1.88 1.88 1.88 1.88
AIC 19235273 19230435 19232762 19230595 19230145 19230154
BIC 1591300 1586462 1588788 1586622 1586184 1586192

2 2
adjR 0.64 0.64 0.64 0.64 0.64 0.64

RMSE 1.86 1.85 1.86 1.85 1.85 1.85
AIC 1361734 1361325 1361548 1361353 1361305 1361308
BIC 131696 131286 131510 131314 131276 131279

2
adjR : adjusted coefficient of determination; RMSE: root means square error; AIC: Akaike information 

criteria; BIC: Bayesian information criteria.
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Table 10. Different features of lactation curve for MY, PP, FP and SCS according to dystocia score class, 
predicted by Brody, Wood, Sikka, Nelder, Rook and Dijkstra models*.

Trait Dystocia 
score Statistics Observed

Model

Brody Wood Sikka Nelder Rook Dijkstra

MY 1 PT (day) 62 - 75 83 63 79 60

PY (kg) 31.57 - 30.45 29.52 29.59 31.88 29.24

100MY (kg) 2883 2744 2815 2805 2728 2918 2705

200MY (kg) 5859 5660 5714 5666 5559 6003 5429

305MY (kg) 8675 8722 8401 8265 8318 8989 8013

P2:1 - 1.04 1.00 0.99 1.01 1.03 0.98

2 PT (day) 83 - 90 143 59 89 60

PY (kg) 31.19 - 31.05 31.26 28.79 31.45 27.12

100MY (kg) 2801 2678 2819 2821 2645 2842 2509

200MY (kg) 5715 5544 5828 5928 5350 5908 5035

305MY (kg) 8514 8553 8661 8927 7933 8890 7431

P2:1 - 1.05 1.04 1.08 1.00 1.05 0.98

FP 1 PT 79 - 120 100 75 84 74

PY 3.06 - 3.02 3.23 2.82 3.07 3.01

2 PT 70 - 140 200 56 84 70

PY 3.09 - 2.97 2.88 2.76 3.13 3.23

PP 1 PT 51 - 50 50 42 49 42

PY 2.95 - 3.09 3.03 2.73 2.99 2.88

2 PT 46 - 67 25 45 47 40

PY 2.91 - 2.99 3.02 2.72 2.96 2.98

FPR 1 PT 161 - 175 125 118 162 130

PY 1.03 - 1.03 1.09 1.07 1.03 1.05

2 PT 130 - 180 250 101 164 161

PY 1.03 - 1.05 0.95 1.11 1.06 1.06

SCS 1 PT 57 - 65 100 52 69 63

PY 2.34 - 2.52 2.50 2.12 2.39 2.30

2 PT 64 - 75 83 56 72 63

PY 2.07 - 2.38 2.48 2.03 2.33 2.28
* PY= maximum value for MY and minimum value for FP, PP, FPR and SCS; PT= peak time for MY and minimum 
time for FP, PP, FPR and SCS; 100MY: 100-d cumulative milk yield; 200MY: 200-d cumulative milk yield; 305MY: 
305-d cumulative milk yield; P2:1 = measure of persistency based on the ratio between the milk yields of the second 
100 days of lactation and those of the first 100 days.

FPR more accurately than the other equations, but Rook 
and Wood models provided more accurate estimate 
of minimum FPR than other models. Evaluation of 
lactation curve features of normal calvers showed 
that the Nelder model was able to estimate time 
to minimum FPR more accurately than the other 
equations, but Wood model provided more accurate 

estimate of minimum FPR than other models (Table 
10).

Time to the minimum SCS was observed later 
for difficult calvers (64 days in milk vs. 57 days in 
milk) with lower minimum SCS (2.34% vs. 2.07%) 
compared with normal calvers. Evaluation of lactation 
curve features of normal calvers showed that the 
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Figure 1. Predicted lactation curves for milk yield, fat and protein percentages, fat to protein ratio and 
somatic cell score by different non-linear models in dairy cows with normal calving.
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Figure 2. Predicted lactation curves for milk yield, fat and protein percentages, fat to protein ratio and 
somatic cell score by different non-linear models in dairy cows with dystocia.
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Nelder and Dijkstra equations were able to estimate 
time to minimum SCS more accurately than the 
other equations, but Dijkstra model provided more 
accurate estimate of minimum SCS than other models. 
Evaluation of lactation curve features of difficult 
calvers showed that the Dijkstra equation was able to 
estimate time to minimum SCS more accurately than 
the other equations, but Nelder model provided more 
accurate estimate of minimum SCS than other models 
(Table 10).

Discussion

Although several researches have conducted to 
study the effect of calving difficulty on milk yield 
performance of Holstein cows (Berry et al., 2007; 
Bicalho et al., 2008; Atashi et al., 2012), there is no 
published research to report the effect of dystocia on 
the lactation curve characteristics not only for milk 
yield but also for milk composition traits according 
to the best fitted non-linear model in Holstein cows. 
Six non-linear models with different complexity 
were assessed and compared using two large data 
sets from first lactation Holstein cows with normal or 
difficult calving. Comparison of their predictive ability 
permits to introduce the best mathematical equation 
for characterizing the lactation curve features of dairy 
cows which classified based on their calving ease score. 
With fitting non-linear lactation models, it is possible 
to predict lactation production of dairy cows over 
a specific time period or whole lactation. Also, it is 
possible to predict missing test day production records 
of dairy cows which are lost due to unpredictable events 
such as injury, diseases and etc. Therefore, the decision 
on the keeping or culling a cow in the herd based on 
the first lactation milk production and also in the early 
phases of the lactation period would be likely. If possible 
shape of the lactation curve is known, dairy cows with 
normal or difficult calving can be classified based to 
their expected lactation performance and more suitable 
nutritional programs and management enterprises can be 
considered which are compatible with the requirements 
for each group of animals by taking into consideration 
the variations among the groups. 

Inconsistent with the current results, Domecq et al. 
(1997) observed no significant association between 
dystocia and milk production at 120 days in milk in 
primiparous high yielding Holstein cows. Also, Rajala 
& Gröhn (1998) reported no relationship between 
calving difficulty with 305-day milk production in 
dairy cows, but consistent with the results of this study, 
Dematawewa & Berger (1997), Berry et al. (2007), 
Gaafar et al. (2011), Atashi et al. (2012) and Ghavi 

Hossein-Zadeh (2014b) reported milk yield was lower 
in cows that experienced dystocia at calving compared 
with those that did not. Also, inconsistent with current 
results, Thompson et al. (1983) reported no significant 
effect of dystocia on 90-day milk yield or mature 
equivalent milk yield and Tenhagen et al. (2007) also 
reported there were no clear influences of severe degree 
of dystocia on monthly test day milk yield. Djemali 
et al. (1987) reported that 305-d milk yield of cows 
experienced difficult calving was decreased by 465 
kg in the first lactation cows in comparison with cows 
which did not. Also, they reported 305-d fat yield of 
cows which experienced calving difficulty was 20.7 
kg lower than cows with dystocia. Kaya et al. (2015) 
observed first lactation cows with calving difficulty 
produced 85 and 219 kg less milk in 100 and 305 days 
in milk, respectively, but no difference was observed 
between 200-d milk yield of cows with normal and 
difficult calving. The discrepancies observed between 
the results of different studies might be attributable 
to different definitions of dystocia, different statistical 
methods and models, measures and time periods used to 
estimate the milk loss, animal genetics and management 
factors (Rajala & Gröhn, 1998; Barrier & Haskell, 
2011). Several factors could justify the variation in 
models’ fit such as differences in mathematical formula 
for each equation, differences in the number of test day 
records and test day yield, the data amount, and the test 
intervals. Also, lactation curve observed for each animal 
would be an outcome of combining non-genetic and 
genetic factors (Pérochon et al., 1996; Ghavi Hossein-
Zadeh, 2014a). Reduced milk production in the first 
100 days of lactation and postponed peak time in cows 
with calving difficulty may be associated with trauma in 
calving and heightened risk of postpartum problems. The 
possible reasons for reduced milk production in cows 
with dystocia would be changes in the concentrations 
of hormones and decreased appetite (Barrier & Haskell, 
2011). It has been reported that incidence of dystocia in 
primiparous cows is chiefly because of disproportioned 
fetal-maternal size (Ghavi Hossein-Zadeh, 2014b). 
Except for SCS, minimum values of other composition 
traits (FP, PP, FPR) were observed later in cows with 
normal calving compared with cows experiencing 
dystocia. In general, the values of SCS were lower in 
cows with dystocia than normal calvers, this would be 
assigned to lower milk yield produced by cows with 
dystocia. A greater milk yield over the lactation, for 
normal calvers in this study, may increase the udder 
infection risk and this would act as stress factor, as a 
result of that increasing the SCS (de los Campos et al., 
2006). The reverse condition would be likely for dairy 
cows with dystocia which experienced lower milk yield 
over the lactation.
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Improvement of lactation persistency would be 
associated with the reduction of the production system 
costs, because milk yield persistency is connected 
with health and feeding costs, resistance to disease, 
reproductive performance and the income from milk 
sales (Dekkers et al. 1996, 1998; Ghavi Hossein-Zadeh, 
2014a). The incidence of reproductive and metabolic 
diseases could be reduced for cows with flatter lactation 
curves and the proportion of roughage in the ration of 
these cows could be increased, therefore, decreasing 
the costs of production (Tekerli et al., 2000). A genetic 
modification towards a persistent lactation curve could 
be applied as a means to decreased disease susceptibility 
in dairy cows (Ghavi Hossein-Zadeh, 2014a). There 
was a positive relationship between 305MY and per
sistency measure, calculated by different models, 
in the current study. Lactation persistency is relied 
on yields, especially total yields, but the direction of 
the relationship relies on the measure applied. The 
reason for this positive relationship could be that the 
ratio measure of persistency is greatly influenced by 
the production level (Gengler, 1996; Ghavi Hossein-
Zadeh, 2014a). 

Physiological and biological characteristics of 
each system along with mathematical properties 
of non-linear function should be considered when 
derived outputs of models were interpreted by 
researchers. The results of current study indicated 
that a reproductive disorder as dystocia would change 
different properties of lactation curve and its shape for 
milk yield and composition. Therefore, this disorder 
could be considered as a factor generating problems in 
the expression of the actual genetic potential of dairy 
cows for production traits. Understanding the effect of 
a disorder, such as dystocia, on different features of 
a lactation curve would provide a perspective to help 
dairy managers and herders in designing feeding plans 
to keep the production of dairy cows high as long as 
possible. Also, it is necessary to reduce the incidence 
of dystocia by management and breeding strategies to 
assure economics and animal welfare in dairy herds.

In conclusion, although the accuracy of the fit of the 
non-linear model would be one of the main variables 
for selecting the best equation to describe lactation 
curve, the possibility for characterizing curve features 
and the interpretation of its parameters is as critical. The 
choice of a suitable non-linear model to characterize 
lactation curve for milk yield and composition in dairy 
cows which classified based on their calving type 
could provide the possibility of direct selection on the 
lactation curve level for individual cow. Therefore, it is 
likely to develop an optimal strategy to reach a desired 
lactation curve shape via changing the parameters of 
model. Of the six models explored in the current study, 

Rook model provided the best fit of the lactation curve 
for MY and SCS in normal and difficult calvers and 
dairy cows with dystocia for FP. In addition, Dijkstra 
model provided the best fit of the lactation curve for PP 
and FPR in normal and difficult calvers and dairy cows 
with normal calving for FP. The results of this study 
showed that dystocia had important negative effects on 
milk yield and lactation curve characteristics in dairy 
cows. 
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