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SUMMARY 
 
 Data were collected at monthly intervals over the period from February 2013 to March 2015 to select the 
best equation to describe the lactation curve pattern for the daily milk traits. A total of 2265 test day records of 
milk yield (MY), fat yield (FY) and protein yield (PY) in the first seven lactations for 263 Egyptian buffalo cows 
raised at three experimental herds belonging to the Animal Production Research Institute, Egypt were analyzed. 
Four non linear equations were compared to predict daily milk yield traits, Wood's (WOD), Wilmink's (WIL), 
Guo and Swalve (GS) and Cobby and Le Du (CLD). For all models, the initial and ascending to peak daily yield 
phases were contributed with high variability of lactation curve pattern. In a comparison with the WIL, the three 
equations (WOD, CLD and GS, respectively) had the low values with Residual Standard Deviation (RSD), 
Akaike Information Criterion (AIC) and Schwarz Bayesian Criterion (SBC) criteria over the first seven 
lactations. Based on RSD, AIC and SBC criteria, Wood's equation showed more flexibility than other models to 
explore lactation curve pattern for expected daily milk yield traits. Considering values obtained by the WOD 
model, the expected daily yield at peak, time at peak daily yield and persistency ranged from 4.59 to 7.38 kg, 
5.03 to 8.23 wk and 40.26 to 65.90%, respectively for MY. The corresponding values varied between 0.395 and 
0.467 kg, 5.39 and 9.35 wk and 41.53 and 72.00 %, respectively for FY and varied between 0.230 and 0.263kg, 
4.05 and 8.13 wk, 40.33 and 70.41%, respectively for PY. Moreover, higher persistency was observed for MY, 
FY and PY in the 1stlactation (65.90, 72.00 and 70.41%, respectively), which declined till the fifth lactation and 
then tended to be almost constant till the seventh one (47.60, 48.76 and 47.32%, respectively).  
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NTRODUCTION 
 
 The nonlinear models are widely used in dairy 
cattle to describe a relatively wide range of lactation 
curve shapes (Cobby and Le Du, 1978). The 
graphical representation of daily milk yield against 
time after calving is defined a lactation curve (Olds et 
al., 1979). Lactation curve can be characterized by 
coefficients of mathematical functions to predict the 
trend at different stages of lactation. Primarily, a 
rapid increase from calving to attain a peak period in 
a few weeks, and a gradual decline until milking is 
no longer practical determines the shape of the 
lactation curve (Olds et al., 1979). In dairy cattle, 
information of pattern of the lactation curve along 
trajectory could assist in determining biological and 
economical efficiency for purposes of feeding and 
selection (Grossman and Koops, 1988).In addition, 
costs of prolonged calving interval have been 
demonstrated to greatly depend on milk yield in the 
latter part of lactation (Dijkhuizen et al., 1985). 
 The use of test day records (TD) would permit 
better removing of more sources of variation through 
more precise modeling of individual TD yields as 
compared with traditional models; avoid the use of 
extension factors, providing longitudinal information 
and offer more flexible system of evaluation. It 
allows evaluation based on a limited number of TD 
records during lactation (Ptak and Schaeffer, 1993 
and Swalve, 1995).Information of lactation curve 

pattern of buffalo cows at different stages of lactation 
for milk yield traits based on test-day records using 
mathematical equations is very limited. Therefore, 
the objective of the study was to select the best 
equation to describe the lactation curve for the daily 
milk yield traits. 

 
MATERIALS AND METHODS 

 
Description of the data set: 
 Data were collected at monthly intervals over the 
period from February, 2013 to March, 2015 from three 
buffalo experimental herds belonging to the Animal 
Production Research Institute (APRI), Ministry of 
Agriculture, and Land Reclamation. A total of 2265 test 
day records of daily milk yield traits (milk, fat, and 
protein) for 263 buffalo cows, in the first seven 
lactations were used.  
 Test day (TD) records from the first seven lactations 
between 5 and 305 days in milk (DIM) classes were 
considered in the statistical analysis. In addition, the first 
class included test days between 5 and 15 DIM and 
all the subsequent tests were of 30d interval up to 305 
DIM. Buffalo cows those had less than 4TD 
records/lactation were excluded. DIM data after 305 days 
was discarded as well from data file. Data were 
classified according to days in milk into eleven 
classes.  
 Fat and protein percentages were measured by the 
automated method of infrared absorption 
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spectrophotometry (Milk-o-Scan); at the Dairy 
Services Unit, APRI, Sakha, Kafr El-Sheikh 
Governorate. Milking was practiced twice a day at 
7:00 am and 4:00 pm throughout the lactation. 
Morning and evening milk yields were recorded and 
composite samples of the two milking were taken to 
determine fat and protein percentages. Fat and 
protein yields per lactation were calculated by the 
product of fat and protein percentages and daily milk 
yield. Milk yield traits studied were milk yield (MY, 
kg/d), fat yield (FY, kg/d) and (PY, kg/d) of the first 
seven lactations. 
 
Mathematical models: 
 Daily milk yield traits were analyzed with 
nonlinear models by Gauss Newton iteration method 
using PROC NLIN (SAS, 2002) to estimate lactation 
curve parameters.  
The following mathematical functions were applied: 
Wood (1967) model (WOD);                         

Yt= atb exp (-ct),           {1}                                                                                                                           

Wilmink, (1987) model (WIL);                                        
Yt= a + b exp (-kt) + ct   {2} 

Guo and Swalve (1995) model (GS); 

              Yt= a + b√t+c ln (t)       {3} 
 

Cobby and Le Du, (1978) model (CLD);                                        
Yt= a - bt - a exp (-ct)     {4} 

 Where: Yt is the  average daily milk yield traits 
measured at the test day t (1, 2,…,11);"a" is the initial 
yield just after calving; "b" is the ascending slope 
parameter up to peak yield, and "c" is the descending 
slope parameter after peak yield, and "exp" is the 
constant refers to the natural exponential function. 
According to the suggestion of Wilmink (1987) 
parameter k is related to the moment of peak, which 
is about 50d and usually assumes a fixed value, 
derived from a preliminary analysis made on average 
production (Vargas et al., 2000). In a preliminary 
analysis, k was estimated at 0.147.  
 The variables related to shape of lactation curve 
according to Wood (1967) model were time at peak 
yield (TPY,wk), peak yield (PY, kg) and persistency 
(P,%) values for this model calculated as TPY= b/c, 
PY= a (b/c)b exp(-b) and P= -(b+1) ln (c). Fixed 
effects of herd, test date, and days in milk classes 
affecting on lactation parameters were included in the 
statistical analysis. 
 
Criteria for all models: 
Goodness of fit models was evaluated according to 
following criteria: 
a) Residual Standard Deviation (RSD, Neter et al., 
1985). 
 

RSD = √ RSS / √ (n−p);  

Where: RSS is the residual sum of squares, n is the 
number of observations and p is the number of 
parameters in the model.  
b) Akaike Information Criterion (AIC, Akaike, 
1974). 
AIC (θ) = (-2) log (L) + 2 (K);  

c)  Schwarz Bayesian Criterion (SBC, Schwarz, 
1978). 
SBC (θ) = (-2) log (L) + K ln (N);  
Where: L: is the maximum likelihood, k: is the 
number of independent parameters and N: is the 
sample size. 
 AIC and SBC are used to impose a penalty 
according to the number of parameters estimated. 
The SBC is more severe than one imposed by AIC 
(Littell et al., 1998). When the maximum likelihood 
estimates of the parameters give the minimum of AIC 
and SBC, the expected equation is considered a good 
one.  

 
RESULTS AND DISCUSSION 
 
Actual and predicted lactation curve pattern: 

For all lactations, the pattern of actual and 
predicted daily yield traits (milk, fat, and protein) is 
graphically represented in Figures (1 to 7).  

In the first lactation, average daily yield traits 
started at lower level of production at first DIM class. 
It reached the maximum daily yield in a shorter time 
at second DIM class, followed by daily gradual 
decline until the end of lactation at eleventh DIM 
class for actual, WOD, GS, and CLD functions, 
whereas the WIL function had over estimates daily 
yields in first DIM class, followed by a gradual 
decrease until to the end of lactation (Figure 1). 
 Figures (from 2 to 4) represented the actual and 
predicted lactation curve pattern for yields from the 
second to fourth lactations. The results showed that 
the actual, WOD and CLD equations had similar 
lactation curve pattern. Daily yields increased till the 
3rd DIM class and then the curves decreased to the 9th 

DIM class and then sharply decreased in the 11th one 
(Figure 2). The WIL and GS functions had different 
trend. Daily yields increased reaching maximum 
level at the 2nd DIM class (Figure 2). Then the curves 
decreased up to the 9th DIM class and then sharply 
decreased in the 11thone.  
 As for 2nd, 3rd and 4th lactations had similar 
pattern of actual and WOD equation while, it had 
different trend of WIL, GS, and CLD equations 
(Figures 3 and 4). 
 The actual and predicted pattern of daily yields is 
presented in Figures (5 to 7) in the rest lactations. 
Daily yields increased till the second DIM class and 
then decreased gradual to the end of lactation stage at 
eleventh DIM class. 
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    (a) 

 
 

(b) 

 
 

(c) 

 

Fig. 1. Actual and predicted curves sorted by 
daily yield traits: (a): milk ;( b): fat and 
(c): protein of the 1stlactation. The first 
class included test days between 5 and 15 
DIM class and all the subsequent tests 
were of 30d interval up to 305 DIM. 
Number of records for this lactation: 274 
test day records. 

(a) 

 
 

(b) 

 
 
(c) 

 

Fig. 2. Actual and predicted curves sorted by 
daily yield traits: (a): milk; (b): fat and (c): 
protein of the 2nd lactation. The first class 
included test days between 5 and 15 DIM 
class and all the subsequent tests were of 
30d interval up to 305 DIM. Number of 
records for this lactation: 320 test day 
records. 
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(a) 

 
 

(b) 

 
 

(c) 

 

Fig. 3. Actual and predicted curves sorted by 
daily yield traits: (a): milk; (b): fat and (c): 
protein of the 3rd lactation. The first class 
included test days between 5 and 15 DIM 
class and all the subsequent tests were of 
30-d interval up to 305 DIM. Number of 
records for this lactation: 387 test day 
records. 

 

(a) 

 
 

(b) 

 
 
(c) 

 

Fig. 4. Actual and predicted curves sorted by 
daily yield traits: (a): milk; (b): fat and (c): 
protein of the 4th lactation. The first class 
included test days between 5 and 15 DIM 
class and all the subsequent tests were of 
30-d interval up to 305 DIM. Number of 
records for this lactation: 371 test day 
records 
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(a) 

 
 

(b) 

 
 

(c) 

 

Fig. 5. Actual and predicted curves sorted by 
daily yield traits: (a): milk; (b): fat and (c): 
protein of the 5th lactation. The first class 
included test   days between 5 and 15 DIM 
class and all the subsequent tests were of 
30-d interval up to 305 DIM. Number of 
records for this lactation: 370 test day 
records 

 

(a)

 
 

(b) 

 
 
(c) 

 

Fig.  6. Actual and predicted curves sorted by 
daily yield traits: (a): milk; (b): fat and (c): 
protein of the 6th lactation. The first class 
included test days between 5 and 15 DIM 
class and all the subsequent tests were of 
30-d interval up to 305 DIM. Number of 
records for this lactation: 298 test day 
records. 
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 In conclusion, actual daily yield traits peaked at 
approximately third DIM class in the 2nd and the 3rd 

lactations while, other rest lactations had maximum 
yields at the 2nd DIM class. On the other hand, the 
average of daily yield traits gradually increased with 
advanced lactation number from the 1st to 
3rdlactations followed by a slight decrease till the 4th 
lactation and then increased until the 7thone (Figures 
1 to 7).The pattern of change in lactation curves for 
yield traits were depressed in the 5th up to the 7th 
DIM classes. However, Stanton et al. (1992) 
suggested that increasing influence of pregnancy 
might provide a partial explanation, to this 
depression.  

The pattern of change in the actual and predicted 
lactation curves for daily yield traits over days in 
milk classes observed in this study was in agreement 
with those reported by Samak et al. (1988); Mansour 
et al. (1993), Badran et al. (2002); El-Bramony et al. 
(2004); Aziz et al. (2006) and El-Bramony (2011) in 
Egyptian buffalo and Kumar and Bhat (1979); Catillo 
et al. (2002); Cerón-Muñoz et al. (2002) and Tonhati 
et al. (2008) for other populations of buffalo. 

In general, predicated lactation curves provided 
satisfactory fit for yield traits up to the 9th DIM class. 
Then all models showed inability to fit the rest of 
lactation curves till the end of lactation (Figures 1 to 
7). In earlier study Grossman and Koops (1988) 
reported that a systematic deviation from actual milk 
yield is observed especially at the beginning and at 
the end of long (more than 305 days) lactations. 
Moreover, Cobby and Le Due (1978) and Olori et al. 
(1999) reported that the bias in predicting daily milk 
yield with non-linear models depends on the stage of 
lactation. 
 The general pattern of the lactation curve for 
daily yields in the 1st and 7th lactations differ from the 
2nd to 6th one. It was sharply convex in the 1st and 7th 

lactation when compared with  those from 2nd to 6th 
lactation, which seems sighlty concave.  
 

Lactation curve parameters: 
 Regression parameter estimated and criteria of 
yield traits for different equations over 7 lactations 
are in Tables (1 to 3). Lactation curve parameters 
characterized by the initial yield "a" just after 
calving, the ascending slope parameter up to the peak 
yield "b" and the descending after peak yield "c" of 
each equation for yield traits. All estimated 
regression coefficients were significant (P<0.05) of 
all lactations for milk yield traits. 
 In comparison among models, WOD model had 
lower average initial daily yields "a" after calving in 
first lactation and then tend to slightly increase as 
lactation order advanced (Tables 1 to 3).This trend 
was in accordance with Mansour et al. (1993), Aziz 
et al. (2006) and Abdel-Salam et al. (2011) for 
Egyptian buffalo and Silvestre et al. (2009) and 
Jingar et al. (2014) for dairy cows. 
  

(a)

 
 

(b) 

 
 

(c) 

 

Fig.  7. Actual and predicted curves sorted by 
daily yield traits: (a): milk; (b): fat and 
(c): protein of the 7th lactation. The first 
class included test days between 5 and 
15 DIM class and all the subsequent 
tests were of 30-d interval up to 305 
DIM. Number of records for this 
lactation: 245 test day records. 
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Table 1. Estimated regression parameters and their standard errors and criteria of expected curves for 
daily milk yield 

Criteria3 Regression parameter estimates2 
Lactation 
number  / 
model1 

SBC AIC RSD c± SE b± SE a±SE  

      1st 
7.8207 7.5777 2.7318 0.094±0.028 0.211±0.114 7.558±0.428 WOD 

7.8815 7.6372 2.7452 -0.558±0.274 -4.035±3.975 11.310±.3.969 WIL 

7.8386 7.5957 2.7377 3.234±1.347 -4.338±1.357 11.220±1.067 GS 

7.8213 7.5789 2.7346 1.858±0.503 0.341±0.065 8.269±0.400 CLD 
      2nd 

8.4372 8.1437 2.8309 0.182±0.034 0.471±0.123 8.469±0.465 WOD 

8.6201 8.3209 2.8621 -1.266±0.313 -11.874±4.391 19.278±3.796 WIL 

8.4679 8.1739 2.8368 6.669±1.453 -8.521±1.531 15.576±1.244 GS 

8.4445 8.1495 2.8325 1.310±0.244 0.615±0.090 10.267±0.569 CLD 

      3rd 
8.4394 8.1227 2.8253 0.191±0.033 0.471±0.126 9.427±0.555 WOD 

8.5788 8.2569 2.8486 -1.373±0.328 -12.056±4.696 20.380±4.013 WIL 

8.4642 8.1465 2.8294 6.996±1.579 -9.235±1.613 17.117±1.296 GS 

8.4636 8.1459 2.8294 1.304±0.274 0.713±0.094 11.247±0.602 CLD 
      4th 

8.5045 8.2824 2.8626 0.247±0.027 0.556±0.103 9.335±0.440 WOD 

8.6747 8.4482 2.8912 -1.830±0.251 -17.740±3.662 25.498±3.097 WIL 

8.5102 8.2879 2.8636 9.314±1.231 -11.801±1.250 19.217±1.000 GS 

8.5134 8.2910 2.8642 1.095±0.151 0.875±0.081 12.187±0.556 CLD 

      5th 
6.3121 6.1150 2.4562 0.296±0.033 0.650±0.114 10.030±0.451 WOD 

6.5427 6.3384 2.5007 -1.802±0.297 -15.267±4.045 23.668±3.517 WIL 

6.3620 6.1633 2.4659 8.942±1.301 -12.196±1.367 18.943±1.120 GS 

6.3608 6.1622 2.4657 1.224±0.179 0.987±0.086 11.966±0.553 CLD 

      6th 
7.7062 7.4247 2.7020 0.223±0.033 0.453±0.144 10.638±0.510 WOD 

7.9359 7.6460 2.7472 -1.351±0.342 -9.254±4.673 18.965±4.067 WIL 

7.7635 7.4790 2.7121 6.923±1.494 -9.928±1.580 18.568±1.237 GS 

7.7296 7.4472 2.7162 1.569±0.273 0.850±0.008 11.711±0.532 CLD 

      7th  
5.8821 5.7741 2.3949 0.187±0.021 0.344± 0.068 10.703±0.282 WOD 

5.9253 5.8166 2.4037 -1.306±0.237 - 9.096±3.046 18.775±2.696 WIL 

5.8852 5.7772 2.3956 5.702±0.936 -8.735±1.027 17.699±0.878 GS 

5.8971 5.7889 2.3980 1.984±0.276 0.787±0.056 11.222±0.304 CLD 
1Model; WOD: Wood (1967); WIL: Wilmink(1987); GS: Guo and Swalve(1995) and CLD: Cobby and Le Du (1978). 
2Regression parameter estimates where: � is the initial milk yield after calving; � is the ascending slope parameter up to peak yield;  
� is descending slope parameter after peak yield and (a's, b's and c's) per lactation were significant (P<0.05). 
3Criteria; RSD: Residual Standard Deviation, AIC: Akaike Information Criterion and SBC: Schwarz Bayesian Criterion.  
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Table 2. Estimated regression parameters and their standard errors and criteria of expected curves for 
daily fat yield 

1Model; WOD: Wood (1967); WIL: Wilmink(1987); GS: Guo and Swalve(1995) and CLD: Cobby and Le Du (1978). 
2Regression parameter estimates where: � is the initial milk yield after calving; � is the ascending slope parameter up to peak yield;  
� is descending slope parameter after peak yield and (a's, b's and c's) per lactation were significant (P<0.05). 
3Criteria; RSD: Residual Standard Deviation, AIC: Akaike Information Criterion and SBC: Schwarz Bayesian Criterion.  

 
 As for WOD model, CLD had similar pattern for 
parameter "a" in the 1st lactation. It increased up to 
the 4thlactation and declined in subsequent ones 
(Tables 1 to 3). On the contrary, WIL and GS models 
had the highest average initial daily yields "a" across 
lactations for daily yield traits (Tables 1 to 3).The 
average initial daily yields "a" tended to increase 
rapidly until the 4th and 5th lactations, respectively 
followed by a gradual decline till the 7th lactation. 
Similar trend was recorded in Egyptian buffalo cows 
by Aziz et al. (2006) and Abdel-Salam et al. (2011). 
 For daily yield traits, as shown in Tables (1 to 3) 
the ascending slope parameter of "b" of WOD and 
CLD equations had a similar pattern. For MY among 
lactations, rate incline after calving up to peak (slope 
parameter "b") ranged from 0.211 to 0.650, 0.341 to 

0.987, respectively. The corresponding values for FY 
varied between 0.147 and 0.656, 0.016 and 0.052, 
respectively, while ranged from 0.205 to 0.602 and 
0.010 to 0.033, for PY respectively. The similar 
pattern of slope parameter "b" for daily yields with 
parity order were reported by Silvestre et al. (2009), 
Cankaya et al. (2011) and Jingar et al. (2014) for 
dairy cows. According to the results of WIL and the 
GS equations, rate of incline after calving up to peak 
(slope parameter "b") ranged from -4.035 to -17.740 
and -4.338 to-12.196, for MY and -0.157 to -1.093 
and -0.208 to -0.819 for FY and -0.163 to -0.591 and 
-0.148 to -0.414, for PY, respectively (Tables 1 to 3) 
in the first 7 lactations. These results are consistent 
with those reported by Cankaya et al. (2011). 

 
 
 

Criteria3
 Regression parameters estimates2 

Lactation 
number / 
model1 

SBC AIC RSD c ±SE b ±SE a ±SE  
      1st 

0.0360 0.0340 0.1850 0.069±0.030 0.147±0.122 0.455±0.028 WOD 
0.0361 0.0350 0.1859 0.024±0.018 -0.157±0.269 0.603±0.229 WIL 
0.0359 0.0348 0.1854 0.151±0.091 -0.208±0.092 0.628±0.072 GS 
0.0359 0.0348 0.1853 2.010±0.642 0.016±0.004 0.488±0.025 CLD 

      2nd 
0.0420 0.0401 0.2001 0.171±0.038 0.487±0.142 0.492±0.032 WOD 
0.0430 0.0415 0.2021 -0.083±0.022 -0.884±0.310 1.301±.0268 WIL 
0.0426 0.0411 0.2012 0.423±0.103 -0.516±0.107 0.930±0.088 GS 
0.0425 0.0410 0.2009 1.178±0.257 0.035±0.006 0.630±0.045 CLD 

      3rd 
0.0451 0.0440 0.2080 0.182±0.039 0.508±0.152 0.535±0.039 WOD 
0.0463 0.0445 0.2092 -0.096±0.024 -1.009±0.344 1.461±0.294 WIL 
0.0460 0.0443 0.2087 0.473±0.116 -0.581±0.119 1.031±0.095 GS 

0.0460 0.0443 0.2086 1.104±0.257 0.041±0.007 0.702±0.052 CLD 

      4th 
0.0470 0.0451 0.2130 0.242±0.032 0.656±0.122 0.570±0.032 WOD 
0.0483 0.0471 0.2158 -0.121±0.022 -1.093±0.270 1.569±0.231 WIL 
0.0474 0.0462 0.2138 0.588±0.091 -0.734±0.093 1.184±0.074 GS 
0.0474 0.0461 0.2136 1.087±0.173 0.052±0.005 0.751±0.040 CLD 

      5th 
0.0334 0.0332 0.1810 0.321±0.040 0.805±0.140 0.598±0.033 WOD 
0.0358 0.0347 0.1850 -0.113±0.018 -1.006±0.298 1.508±0.259 WIL 
0.0347 0.0336 0.1821 0.524±0.069 -0.819±0.101 1.171±0.082 GS 
0.0345 0.0335 0.1817 1.1 96±0.169 0.063±0.006 0.706±0.042 CLD 

      6th 
0.0460 0.0440 0.2084 0.197±0.042 0.400±0.144 0.625±0.038 WOD 
0.0472 0.0454 0.2114 -0.063±0.026 -0.361±0.360 0.936±0.313 WIL 
0.0465 0.0448 0.2090 0.367±0.115 -0.531±0.122 1.049±0.102 GS 
0.0462 0.0445 0.2093 1.640±0.361 0.046±0.006 0.681±0.038 CLD 

      7th 
0.0350 0.0340 0.1850 0.184±0.026 0.354±0.087 0.637±0.021 WOD 
0.0358 0.0351 0.1869 -0.056±0.018 -0.351±0.236 0.916 ±0.209 WIL 
0.0355 0.0349 0.1861 0.348±0.072 -0.522±0.079 1.007±0.068 GS 
0.0355 0.0348 0.1859 1.860±0.297 0.036±0.004 0.677±0.023 CLD 
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Table 3. Estimated regression parameters and their standard errors and criteria of expected curves for 
daily protein yield 

1Model; WOD: Wood (1967); WIL: Wilmink(1987); GS: Guo and Swalve(1995) and CLD: Cobby and Le Du (1978). 
2Regression parameter estimates where: � is the initial milk yield after calving; � is the ascending slope parameter up to peak yield;  
� is descending slope parameter after peak yield and (a's, b's and c's) per lactation were significant (P<0.05). 
3Criteria; RSD: Residual Standard Deviation, AIC: Akaike Information Criterion and SBC: Schwarz Bayesian Criterion.  
 

Table  4. Peak yield (PY, kg), time at peak yield (TPY, wk) and persistency (P, %) for Wood function 
predicted curves of daily milk yield traits (MY, FY, and PY) in the first seven lactations 

  
 

 
 
 

Criteria3 Regression parameter estimates2 
Lactation 
number / 
model1 

SBC AIC RSD c±SE b±SE a±SE  

      1st 
0.0111 0.0105 0.1060 0.082±0.029  0.205±0.121 0.266±0.016 WOD 

0.0120 0.0116 0.1072 -0.019±0.010 -0.163±0.155 0.419±0.132 WIL 

0.0120 0.0116 0.1069  0.115±0.052 -0.148±0.053 0.390±0.041 GS 

0.0120 0.0116 0.1068 1.782±0.511   0.010±0.002 0.295±0.016 CLD 
      2nd 

0.0120 0.0120 0.1090 0.190±0.037 0.488±0.135 0.304±0.018 WOD 

0.0130 0.0125 0.1112 -0.043±0.012 -0.399±0.170 0.668±0.147 WIL 

0.0127 0.0123 0.1100 0.242±0.056 -0.310±0.058 0.562±0.048 GS 

0.0127 0.0122 0.1098 1.305±0.253 0.022±0.003 0.368±0.021 CLD 
      3rd 

0.0120 0.0111 0.1082 0.185±0.035 0.457±0.131 0.349±0.021 WOD 

0.0127 0.0122 0.1095 -0.058±0.012 -0.469±0.180 0.688±0.153 WIL 

0.0127 0.0122 0.1095 0.283±0.061 -0.366±0.062 0.567±0.050 GS 

0.0126 0.0121 0.1090 1.283±0.536 0.022±0.003 0.379±0.020 CLD 
      4th 

0.0135 0.0131 0.1160 0.222±0.030 0.481± 0.116 0.330±0.017 WOD 

0.0142 0.0139 0.1172 -0.061±0.010 -0.591±0.146 0.867±0.125 WIL 

0.0141 0.0138 0.1167 0.300±0.050 -0.383±0.050 0.652±0.040 GS 

0.0142 0.0138 0.1168 1.163±0. 201 0.028±0.003 0.419±0.002 CLD 
      5th 

0.0083 0.0080 0.0923 0.285±0.036 0.602±0.115 0.341±0.016 WOD 

0.0093 0.0090 0.0941 -0.051±0.111 -0.501±0.152 0.791±0.132 WIL 

0.0090 0.0087 0.0929 0.285±0.049 -0.414±0.051 0.636±0.042 GS 

0.0090 0.0087 0.0927 1.229±0.190 0.033±0.003 0.409±0.020 CLD 
      6th 

0.0103 0.0100 0.1020 0.212±0.037 0.440±0.127 0.361±0.019 WOD 

0.0114 0.0109 0.1037 -0.047±0.012 -0.340±0.176 0.657±0.153 WIL 

0.0112 0.0108 0.1032 0.227±0.056 -0.327±0.060 0.624±0.050 GS 

0.0112 0.0108 0.1031 1.639±0.353 0.028±0.003 0.395±0.020 CLD 
      7th  

0.0083 0.0082 0.0930 0.173±0.023 0.279±0.074 0.381±0.011 WOD 

0.0089 0.0088 0.0934 -0.044±0.009 -0.261±0.118 0.602±0.104 WIL 

0.0089 0.0088 0.0933 0.171±0.036 - 0.280±0.040 0.605±0.034 GS 

0.0089 0.0087 0.0932 2.350±0.429 0.027±0.002 0.386±0.010 CLD 

P, % TPY, wk PY, kg 
Lactation  

   MY            FY              PY  MY         FY          PY     MY        FY         PY      

70.41 72.00 65.90 7.86 6.27 6.76 0.230 0.395 6.50 1st 

54.14 58.79 55.19 8.13 9.35 8.23 0.249 0.437 7.01 2nd 

53.76 57.08 53.06 7.19 9.11 7.71 0.261 0.467 7.38 3rd 
46.87 50.49 45.28 6.43 8.76 6.79 0.258 0.452 7.22 4th 

40.33 41.53 40.26 6.20 7.87 6.55 0.239 0.430 6.92 5th 
47.01 48.23 45.41 6.04 5.84 5.85 0.249 0.440 7.31 6th 

47.32 48.76 47.60 4.05 5.39 5.03 0.263 0.462 4.59 7th 
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According to results of  Macciotta (2005) 
revealed that the absolute value of "b" parameter and 
the "c" parameter of WIL are mainly related to 
variation in the first part and the rate of decline in the 
second part of lactation, respectively; control the 
magnitude of the curvature of the lactation pattern. 

Results in Tables (1 to 3) show that the 
descending slope parameter "c" of WOD equation 
was lower 0.094, 0.069 and 0.082, for MY, FY and 
PY in the 1st lactation and higher 0.296,0.321 and 
0.285 in the fifth lactation, respectively. Different 
pattern was reported for Egyptian buffalo by Aziz et 
al. (2006). They found that all lactations had a 
constant (1st through 10th) descending slope 
parameter "c" after peak for Wood equation. 

According to the results of GS and CLD 
equations, rate of decline after peak yield were 3.234 
to 9.314 and 1.095 to 1.984 for MY and 0.151 to 
0.588 and 1.087 to 2.010 for FY and 0.115 to 0.300 
and 1.163 to 2.350, for PY, respectively during 
different lactations. The corresponding values of 
WIL equation varied from -0.558 to -1.830, -0.024 to 
-0.121and -0.019 to -0.061 for MY, FY and PY, 
respectively. 

The pattern of descending slope parameter "c" 
observed in this study was in agreement with the 
findings of Silvestre et al, (2009) and Jingar et al. 
(2014). However, Solkner and Fuchs (1987) 
suggested that the high persistency was associated 
with a slow rate of decline in milk yield after peak 
production, low persistency was associated with a 
rapid rate of decline in milk yield due to less feed 
intake. 
 

Model selection criteria: 
 Estimates of criteria for evaluating different 
models were shown in Tables (1, 2 and 3). Lowest 
values of Residual Standard Deviation (RSD), 
Akaike Information Criterion (AIC) and Schwarz 
Bayesian Criterion (SBC) indicated that the model 
used was appropriately fitting the data as reported by 
Akaike (1974); Schwarz (1978); Neter et al. 
(1985);Grossman and Koops (1988) and Littell et al. 
(1998). Compared with the WIL, the three other 
models (GS, CLD and WOD) showed lower values 
of RSD, AIC and SBC criteria over the first 
7lactations. For milk yield among lactations, RSD, 
AIC and SBC values of different models (Table 1) 
ranged from 2.3949 to 2.8912 kg, 5.7741 to 8.4482 
kg, and 5.8821 to 8.6747 kg, respectively. On the 
other hand, Table (2) showed that the corresponding 
values varied between 0.1810 and 0.2158 kg, 0.0332 
and 0.0471 kg and 0.0434 and 0.0483 kg, for daily 
fat yield, respectively. The corresponding values for 
daily protein yield of different models ranged from 
0.0923 to 0.1172 kg, 0.0080 to 0.0139 kg, and 0.0083 
to 0.0142 kg, respectively (Table 3). Moreover, there 
are considerable differences among models for the 
regression parameter values.  

Based on the previous mentioned criteria, 
Wood's model was more flexibility than the other 
models to explore lactation curve pattern for expected 

daily milk yield traits. These results were in 
agreement with those reports of Samak et al. (1988), 
Mansour et al. (1993), Aziz et al. (2006) and Abdel-
Salam et al. (2011) for Egyptian buffalo. They 
mentioned that Wood’s function seemed to be 
suitable for Egyptian lactation data and might be used 
for predicting the whole lactation yield from part 
lactation data.  
 For other populations of buffaloes, Kumar and 
Bhat (1979) found that the best fit for average milk 
lactation curve was shown by the Gamma type 
function data from the 1st to the 6thlactations. Catillo 
et al. (2002) revealed that Wood’s function had 
goodness of fit for lactation curve of milk yield traits. 
The variables related to lactation curve pattern, in 
terms of peak yield (kg), time at peak daily yield(wk) 
and persistency (%) for predicted lactation curve by 
Wood function were shown in Table (4) for MY, FY 
and PY in the first 7 lactations. Considering values 
obtained by the WOD model, the expected daily 
yield at peak (kg), time at peak daily yield (wk) and 
persistency (%) ranged from 4.59 to 7.38 kg, 5.03 to 
to 8.23 wk and 40.62 to 65.90 %, respectively for 
MY. On the other hand, the corresponding values of 
FY (Table 4) varied between 0.395 and 0.467 kg, 
5.39 and 9.35 wk, and 41.58 and 72.00 %, 
respectively, while ranged between 0.230 and 0.263 
kg, 4.05 and 8.13 wk, and 40.33 and 70.41%, 
respectively for PY. 
 Moreover, higher persistency over the 7 lactations 
for MY, FY and PY  was observed in the 1st lactation 
(65.90, 72.00 and 70.41%, respectively) which 
declined till the 5th lactation and then tended to be 
almost constant till the 7th one (47.60, 48.76 and 
47.32%, respectively (Table 4). If persistency is 
defined as the extent to which peak yield is 
maintained (Grossman et al., 1999), lactation curves 
for daily milk yield traits for the 1st lactation buffalo 
cows peaked lower and were more persistent than for 
multiparous animals. Similar pattern was reported by 
El-Bramony et al. (2004) for Egyptian and Catillo et 
al. (2002) on Italian buffalo cows. 
 As expected, the lower initial yield, peak milk 
yield, and greater persistency in the first parity than 
the subsequent parities could be due to increase 
growth rates of heifers and the development of 
mammary gland secretory tissue (Sejrsen et al., 1982 
and Stanton et al., 1992). They stated that the decline 
in persistency with lactation order advanced is 
attributed to the fact older animals start their lactation 
at a higher level and had a rapid rate of decline in 
milk yield due to regression of alveolar cells with 
advancement in age.  

 

CONCLUSION 
 

In a comparison with the WIL, the three models 
(GS, CLD, and WOD) have the low values with 
RSD, AIC and SBC criteria in the first seven 
lactations. Based on previous mentioned criteria, 
Wood's equation showed more flexibility than other 
models to explore lactation curve pattern for daily 
milk yield traits. Further genetic investigation, should 
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be considered to identify genetic pattern of milk yield 
traits using mathematical models. 
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  فى الجاموس المصري الیومي لإنتاج اللبن والدھن والبروتینالحلیب التنبوء بنمط منحى 

 
  ١، كوثر عبد المنعم مراد ٢، عبد الحلیم أنیس عشماوى١تىرجلا، حسین أحمد ال١منال محمد البرمونى

  
كلیة  ،الحیوانيقسم الإنتاج  - ٢، معھد بحوث الإنتاج الحیواني، وزارة الزراعة واستصلاح الأراضي، الدقى، جیزه، مصر - ١

  الزراعة، جامعة عین شمس، القاھرة، مصر.
  

لإختیار أفضل معادلة لوصف نمط  ٢٠١٥حتى مارس  ٢٠١٣جمعت البیانات على فترات شھریة خلال الفترة من فبرایر   
،  FY)ة الدھن (، وكمی MY)سجلا شھریاً لكمیة اللبن ( ٢٢٦٥منحنى الحلیب لصفات إنتاج اللبن الیومي. استخدم فى ھذه الدراسة 

جاموسة في ثلاث قطعان بحثیة تابعة لمعھد بحوث   ٢٦٣في المواسم السبعة الأولى للجاموس المصري لعدد PY)وكمیة البروتین (
  قورنت أربعة معادلات لتنبوء بنمط منحى الحلیب  لصفات إنتاج اللبن الیومي ھى: مصر. - الإنتاج الحیواني

 . Wood's (WOD), Wilmink's (WIL), Guo and Swalve (GS) and Cobby and Le Du (CLD) مرحلتي  ساھمت
، تبین إنخفاض  WILالبدایة والزیادة حتى الوصول إلى أعلى إنتاج یومى تباین عالى فى نمط منحنى الحلیب. فى مقارنة مع معادلة 

 Residual Standard Deviation (RSD), Akaike Information Criterion (AIC) and Schwarz قیم المعاییر
Bayesian Criterion (SBC)   : لثلاثة معادلات وھىWOD ، و CLDو ،GS  ووفقاً  الترتیب فى المواسم السبعة الأولى. علي

أكثر مرونة من الاخرین لتحلیل نمط منحنى صفات إنتاج اللبن WOD ، فإن معادلة  SBC، وAIC و ، RSD الى المعاییر السابقة 
 ،یوميالوقت حتى الوصول إلى أعلى إنتاج ومتوقع ،  یوميتتراوح قیم كل من: أقصى إنتاج  WODالیومي المتوقع. وطبقاً لمعادلة 

الترتیب لكمیة اللبن. تتراوح % على  ٦٥.٩٠إلى  ٤٠.٢٦، و أسبوع ٨.٢٣إلى   ٥.٠٣كجم، و ٧.٣٨إلى  ٤.٥٩ونسبة المثابرة من 
لكمیة الدھن،  على الترتیب%  ٧٢.٠٠ إلى ٤١.٥٣أسبوع ، و ٩.٣٥ إلى ٥.٣٩، و كجم  ٠.٤٦٧الى  ٠.٣٩٥ القیم المناظرة بین

لكمیة البروتین. علاوة على أن أعلى  على الترتیب % ٧٠.٤١ إلى ٤٠.٣٣أسبوع ، و ٨.١٣إلى  ٤.٠٥و كجم ٠.٢٦٣إلى  ٠.٢٣٠و
% على الترتیب) بینما  ٧٠.٤١، و ٧٢.٠٠، و ٦٥.٩٠ة لكمیة اللبن، وكمیة الدھن، وكمیة البروتین فى الموسم الأول (نسبة مثابر

% على   ٤٧.٣٢، و ٤٨.٧٦، و ٤٧.٦٠أظھرت المثابرة إنخفاض حتى الموسم الخامس ثم إتجھت للثبات تقریباً حتى الموسم السابع (
  الترتیب).

  


