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SUMMARY

The initial dataset included a total of 7819 monthly test-day records of 1205
buffaloes located in six different farms and recorded by Cattle Information
System/Egypt (CISE). The buffalo having less than five test-day records were
removed from the dataset. The test-day records after 300 days of lactation were
excluded from the analysis. Also, the extreme phenotypic values of daily milk yield,
fat and protein percentage were removed from the dataset. Three different models
were tested for fitting the lactation curve of the Egyptian buffalo, Wilmink (WM),
Guo and Swalve (GSM) and Wood (WD).

The expected daily milk yield at the beginning of lactation was 8.90, 9.16 and
9.08 kg in WM, GSM and WD, respectively, and then increased to reach the peak
10.56, 10.67 and 9.08 kg in WM, GSM and WD, respectively. Days to attain the peak
were 29, 26 and 28 day, in the three models, respectively. The daily milk production
was decreased to 2.41 kg in WM and WD and 2.64 kg in GSM at the end of the
lactation period. The curves of milk fat, protein and lactose yield had similar pattern
to the curves of the daily milk yield. The milk fat and protein percentage seem to have
an increasing trend with the increasing of days in milk. The curve of milk lactose
percentage was in contrast with the curve of the milk fat and protein percentage. The
three criteria used to compare the goodness of fit of these models were Mean Square
Prediction Error (MSPE) value, Akaike Information Criterion (AIC) and Schwartz’s
Bayesian Information Criteria (BIC). The goodness-of-fit statistics of the expected
curves for daily milk yield and its contents, for the better-fitting models, appear that
WD model gave the best fit for the studied criteria.
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INTRODUCTION

Empirical algebraic modeling of lactation curves offers a summary of longitudinal
milk yield patterns from which cumulative lactation curves can be estimated or by
which total milk yield may be predicted from incomplete data. Appropriate models
provide useful information for breeding and management decisions at both industry
and farm level, and also for the comparison of alternative production strategies in
bio-economic modeling. To ensure accurate decisions pertinent to individual animals
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or herds it is essential that cumulative milk yield is predicted with minimum error
and from relatively few test dates, reducing the cost and inconvenience of milk
recording. From the bio-economist’s viewpoint, the model of lactation curve must
accurately depict what is expected at farm level so that a cost can be associated with
each cow (Quinn et al., 2005).

Milk production increases from calving to peak then followed by a gradual
decline after the end of persistency till the animal goes dry. The graphical
representation of milk production throughout the lactation period is the lactation
curve which doesn't include the colostrums and transitional milk periods. The
description of the lactation curve assists the breeder to predict total milk yield from
part lactations and to take early decisions for culling or selection as well as
introducing new genetic materials (Sadek et al., 1998, Chaudhry et al., 2000 and
Barbosa et al., 2007).

The lactation curve refers to a graphic relation between milk production and
lactation time after calving apart the week of colostrum and transitional milk
(Papajcsik and Bodero, 1988). Equations that describe milk production in time can be
very useful in breeding programs, herd nutritional management, decision taking on
the culling cows and simulation of production system. The lactation curve is also
important because its wide characterization of the animal production throughout
lactation allows estimating the peak yield; lactation persistency and days in milk
(Cunha et al., 2010). Kirkpatrick et al. (1990) showed that the phenotypic changes
with age could be represented as a function of lactation time.

Empirical mathematical models of lactation curves are regular functions y = f(t),
defined for positive values of daily milk production (y) and time from parturition (t),
used in the dairy cattle industry for breeding and management purposes. These
models represent an essential research tool for developing and validating mechanistic
models, aimed at explaining the main features of the milk production pattern in terms
of the known biology of the mammary gland during pregnancy and lactation, whereas
the biosynthetic capacity of the mammary gland started as early as 45 days prepartum
to form the pre-colostrum and accumulates it, then at parturition modifies it to
colostrum, followed by transitional milk and finally milk postpartum (Neal and
Thornley, 1983 and Mepham, 1987).

When fitted to milk test-day (TD) data, an empirical model must be able to
disentangle the continuous component from temporary environmental perturbations
and to make predictions on milk yields. Several mathematical functions have been
proposed, differing mainly in the type of regression (linear or nonlinear), in the
number of parameters and in their degree of relationships with the main features of a
typical lactation pattern, such as peak yield, time at peak, and persistency (Macciotta
et al., 2005).

Lactation curves in dairy animals have been used extensively for early prediction
of total milk yield and thus culling of low producers and forward planning of feed
and farm resources. Daily milk yield in dairy buffaloes increases rapidly from calving
to a peak in a few weeks, followed by a gradual decline until milk removal is no
longer practical. The graph of daily milk production during lactation can be described
by the coefficients of a mathematical equation model. An abrupt decline in milk yield
after the peak increases production costs because yield is distributed less equally over
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the complete lactation. Dairy buffaloes with a flat lactation curve are considered to
have more persistent lactations than those with the same lactation yield but a rapidly
declining lactation curve (Anwar et al., 2009).

Information on the shape of lactation curves in dairy buffaloes is very limited.
The objective of this study was to fit lactation curve of Egyptian buffalo for milk
yield and its contents using three different models of Wood (1967), Wilmink (1987)
and Guo and Swalve (1995).

MATERIALS AND METHODS

Data:

The initial dataset included a total of 7819 monthly test-day records of 1205
buffaloes located in 6 different farms and recorded by Cattle Information
System/Egypt (CISE). The buffaloes having less than 5 test-day records were
removed from the dataset. The test-day records after 300 days of lactation were
excluded from the analysis. Also, the extreme and abnormal phenotypic values of
daily milk yield, milk fat and milk protein percentage were removed from the dataset
to avoid errors in sampling and / or in analysis. Finally, the edited dataset used for
analyses included 5344 test-day records of 813 buffalo from 5 different commercial
farms located in 5 different governorates of Egypt plus the experimental farm of the
Faculty of Agriculture, Cairo University, Giza, Egypt. For each cow, test-day milk,
fat, protein and lactose yields in milk were analyzed in the CISE Lab.

Statistical models:

Three different models were tested for fitting the lactation curve of the Egyptian
buffalo Wood (1967), Wilmink (1987) and Guo and Swalve, (GSM), (1995) as the
following:

Wood: Y, = an’e™
Where, Y is the yield in day t of lactation. According to Wood (1967), uses the
method of least squares to obtain estimates for three parameters in the incomplete
gamma function: a is a scaling factor associated with the average vyield, b is
related to pre-peak curvature and c is related to post-peak curvature.

Wilmink: Yy=a+be™+ct
Where, Y, is the yield in day t of lactation. According to Wilmink (1987), the
parameters a, b, and ¢ are associated with the level of production, the increase of
production before the peak, and with the subsequent decrease, respectively.
Parameter k is related to the time of peak lactation and usually assumes a fixed value,
derived from a preliminary analysis made on average production. This implies that
the model has only 3 parameters to be estimated. In a preliminary analysis, k was
estimated at 0.093.

Guo and Swalve: Yt=a+b ’-"T+ cIn(t)

Y, is the yield in day t of lactation. Guo and Swalve model is an empirical three
coefficient model that is considered worthy of investigation, because they have been
proven to have a better fit than other models that have biological interpretation.
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The main effects included in the analysis were farm, year-season of calving,
milking time (morning or evening) and parity. The parities ranged from 1 to 10
parities, where the parities number higher than 10 were grouped together with the
tenth parity because these parities had few numbers of observations.

Model Comparison:

Three criteria were used to compare the goodness of fit of these models. The first

was the Mean Square Prediction Error (MSPE) value (Kvanli, et al., 1986) as

follows:
iﬂ:_ er:
MSPE = =1

n
Where e, is the residual for observation t and n is the number of predicted values
obtained.

The second was Akaike Information Criterion (1974) AIC and the third was
Schwartz’s Bayesian Information Criteria (1978) BIC as follows:

AIC =-2log L (Dly) + 2k

BIC=-2log L (d|y) + kin(n)

Where L (®ly) is the maximum likelihood for the model and k is the number of
parameters in the model and n is the sample size. The AIC takes into account both the
statistical goodness of fit and the number of parameters that have to be estimated to
achieve this particular degree of fit, by imposing a penalty for increasing the number
of parameters. Lower values of the AIC and BIC indicate the preferred model.
However, AIC values may sometimes lead to model over fitting.

The statistical analysis was done by R program (2010) using “nlme” package
(Pinherio et al., 2010).

RESULTS AND DISCUSSION

The estimated regression parameters of the studied traits using the three models
are shown in Table 1. The values of scaling factor associated with the average yield
(a), pre-peak curvature (b) and post-peak curvature (c¢) of each model and for
different milk yield and milk contents traits were present in Table (1).

The expected daily milk yield at the beginning of lactation (the 6™ day of
lactation) was 8.90, 9.16 and 8.26 kg in WM, GSM and WD, respectively, then
increased to reach the peak 10.65 (the 29" day of lactation), 10.67 kg (the 26™ day of
lactation) and 9.08 kg (the 28" day of lactation) in WM, GSM and WD, respectively
(Table 2). The daily milk production decreased to 2.41, 2.64 and 3.55 kg in WM,
GSM and WD, respectively, at the end of the lactation period. Figure 1 indicates that
the high level of milk yield in the Egyptian buffalo lasts for very short-time which
reflects the low persistency of the animal. Buffaloes were unique in reaching the peak
milk yield faster with low persistency and a slight linear gradual reduction in milk
production.

Table 1. The expected equations of the studied traits using the relevant three
models
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Trait Expected equation
Wilgwoigrgk Guo and Swalve Wood
S Rkl -
Milk yield 11.89-491e -0.031t 6.26-1.35 5 +3.46In() 1.9n0-13¢-0.008n
3 -0.093t

Fat yield 0.69 —0.43¢ - 0.001t 0.19_0_091& +0.26 In(t) -1.03n%135°0.003n
Proteinyield  0.44-0.10 e%%. 0,001t -1.271,0°07¢-0.004n

Lactose yield
Fat %
Protein %

Lactose %

0.61-0.33 €%%*. 0,002t
4.85+0.45 %%+ 0,010t
3.42+1.03 %%+ 0,002t
5.27-0.91 ¢%%'. 0,002t

0.30-0.05¥E +0.10 In(t)
0.26-0.08 ¥E +0.21 In(t)
5.66+0.37VT - 0.75 In(t)
4.47+0.12¥T - 0.47 In)
4.36-0.11¥F + 0.41 In(t)

_1.17n0.166-0.005n
1'66n0A00e-0A001n
1_42n-0.05e-0.001n

1_52n0.04e—0.001n

Table 2. Daily milk yield and its contents traits at the 6" day of lactation and
minimum and peak production of Egyptian buffalo

Model Trait The 6™ Minimum Peak production
day of production
lactation Value Days in Value Days in
milk (day) milk (day)

Milk Yield (kg) 8.90 241 300 10.65 29

Fat Yield (kg) 0.43 0.18 300 0.62 34

Protein Yield 0.37 0.09 300 0.40 22
i (ko)

Wilmink Lactose Yield 0.42 0.11 300 0.55 31
(kg)

Fat (%) 5.17 5.11 15 7.93 300

Protein (%) 4.02 351 43 4.02 6

Lactose (%) 474 474 6 5.18 42

Milk Yield (kg) 9.16 2.64 300 10.67 26

Fat Yield (kg) 0.45 0.18 300 0.61 36

Protein Yield 0.37 0.09 300 0.41 20
(ko)

Guo&Swalve | 4tose Yield 0.4 0.12 300 0.54 30
(kg)

Fat (%) 5.22 5.06 16 7.79 300

Protein (%) 3.94 3.53 56 3.97 300

Lactose (%) 4.82 4.74 300 5.17 52

Milk Yield (kg) 8.26 3.55 300 9.08 28

Fat Yield (kg) 0.44 0.27 300 0.50 38

Protein Yield 0.31 0.14 300 0.32 20
(ko)

Wood Lactose Yield 0.41 0.17 300 0.46 31
(kg)

Fat (%) 5.32 5.32 6 7.61 300

Protein (%) 3.79 351 63 3.94 300

Lactose (%) 4.89 4.67 300 5.14 57
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Figure 1. The estimated lactation curve of daily milk yield of the Egyptian
buffalo

The present results are comparable to those cited by Sadek et al. (1998) which
reported that the overall average peak milk yield was 58 kg/week using Wood
function. First lactation had lower peak milk yield as compared with other lactations.
The overall average of peak week, using 2158 lactation records, was 6.3 weeks (44
days). The first lactation peak week occurred earlier as compared with the subsequent
lactations, indicating that the time required to each maximum weekly milk yield
increased with parity.

In contrast, Barbosa et al. (2007) found that the incomplete gamma function must
have a lactation peak. The lack of a lactation peak is likely due to the low level of
nutrition of buffalo. Despite the high determination coefficient, the incomplete
gamma function overestimated the lactation curve of buffaloes, creating an asymptote
after the curve inflection.

Aziz et al. (2006) stated that in the first parity, the incomplete gamma function
slightly underestimated milk yield in the periods between the second and fifth weeks
and between week 17 and 34, then it overestimated actual milk yield up to week 48,
and finally underestimated it up to the end of lactation. Wood model perfectly
predicted the actual milk yield of the fifth parity, but slightly underestimated peak
yield. In parity 10, the lactation curves estimated by Wood functions were more or
less flat. It gave higher initial production (over-prediction) and flatter peaks (under-
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prediction). This could be due to shifting the model further on the hyperbolic tangent
curve because milk yield declines linearly after approximately 7 weeks in milk.

Several workers have estimated lactation curve parameters of Egyptian buffaloes.
Samak et al. (1988) described lactation curve of milk yield of Egyptian buffaloes
using the linear form of the incomplete gamma function and reported values of the
initial milk yield (a) ranging between 17.43 and 27.43 kg in the first and fourth
parities, respectively. The rate of increase to peak production (b) and the rate of
decline after peak (c) in their study ranged between 0.421 and 0.537 kg and between
0.04 and 0.05 kg, respectively and they were higher than the corresponding values
found in the present study. Aziz et al. (2003) found that the values of the initial milk
yield (a) for the first six lactations are ranging between 30.30 and 44.38 kg. The rate
of increase to peak production (b) in their study ranged between 0.17 and 0.27 kg and
those of the rate of decrease after peak (c) were between 0.02 and 0.03 kg.

Olori et al. (1999) reported that predicted week of peak yield and yield at peak for
Holstein—Friesian herd was 9 week and 31.4 kg milk, respectively, for using Guo and
Swalve model while was 7 week and 32.0 kg milk for using Wilmink model.
Lactation curve show that first lactation cows produce lower yields than older cows
at the beginning of the lactation and were, as expected, more persistent (Tekerli et al.,
2000 and Chaudhry et al. 2000). Multiparous cows on the other hand reach their peak
of production earlier in the lactation (5-6th week of lactation) than first parity cows
(7-10th week of lactation). Rekik et al. (2003) reported that the peak yield was
greater for older (23-34 kg) than for primiparous cows (17-29 kg). Chaudhry et al.
(2000) found that peak milk yield averaged 10.8 kg with average days to peak of 48
days in Nile Ravi buffalo.
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Figure 2. The estimated curves of milk fat yield (Kg) of the Egyptian buffalo

The curves of milk fat, milk protein and lactose yields had similar pattern to that
of the daily milk yield. The expected daily fat yield (Figure 2) at the beginning of
lactation (the 6™ day of lactation) was 0.43, 0.45 and 0.44 kg in WM, GSM and WD,
respectively, and then increased to reach the peak of 0.62 (the 34" day of lactation)
and 0.61 kg (the 36" day of lactation) in both WM and GSM, respectively, and 0.50
kg (the 38" day of lactation) in WD model. The daily fat production decreased to
0.18 kg in both WM and GSM and 0.27 kg in WD at the end of the lactation period.

The expected daily milk protein yield (Figure 3) at the beginning of lactation (the
6" day of lactation) was 0.37 kg in WM and GSM and 0.31 in WD, then increased to
reach the peak 0.40 kg (the 20™and 22" days of lactation) in WM and GSM and 0.32
kg (the 20" day of lactation) in WD. Thereafter the daily protein yield decreased to
0.09 kg in WM and GSM and to 0.14 kg in WD at the end of the lactation period
(300 days).

The expected daily lactose yield (Figure 4) at the beginning of lactation (the 6"
day of lactation) was 0.42, 0.44 and 0.41 kg in WM, GSM and WD, respectively,
then increased to reach the peak 0.46 and 0.55 kg (the 31™ day of lactation) in WM
and WD, respectively, and 0.54 kg (the 30" day of lactation) in GSM. The daily
lactose production decreased to 0.11 kg in WM and GSM and 0.17 kg in WD at the
end of the lactation period.
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Figure 3. The estimated curves of milk protein yield (Kg) of the Egyptian
buffalo

The usual description of milk secretion refers to the occurrence of changes
in milk contents during lactation, being the decrease of milk yield accompanied by
the increase in fat and protein percentage. The shapes for daily milk yield and the
reversed standard shape for milk components (Fat %, Protein %), were in agreement
with previous works for dairy cattle (Pollott, 2004 and Silvestre et al., 2009).
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Figure 4. The estimated curves of milk lactose yield (kg) of the Egyptian buffalo

The milk fat percentage seems to have an increasing trend with the increase of
lactation day. At the beginning of the lactation, the fat percentage in the three models
was ranged from 5.17 to 5.32 % then decreased very slightly to 5.11% at the 15™ day
of lactation then increased to 7.93% at the end of lactation (Figure 5).

Also, the curve of milk protein percentage had increasing trend, but the change in
the protein percentage along the lactation period was very low where at the beginning
of the lactation, the protein percentage was 4.02, 3.94 and 3.79% in WM, GSM and
WD, respectively, then decreased very slightly to 3.5% at the 43", 56 and 63 days of
lactation in WM, GSM and WD, respectively, then increased to 4% at the end of
lactation (Figure 6).
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Figure 6. The estimated curve of milk protein percent of the Egyptian buffalo
The curve of milk lactose percentage was in contrast to the curves of the fat and
protein percentages. Also, the change in the lactose percentage along the lactation
period was very low where at the beginning of the lactation; the lactose percentage
was 4.74% (WM) then increased very slightly to 5.18% at the 42** day of lactation
then decreased to 4.7% at the end of lactation (Figure 7).
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Figure 7. The estimated curve of milk lactose percent of the Egyptian buffalo

The Goodness of fit statistics of expected curves for daily milk yield and its
contents using three different comparison criteria (MSPE, AIC and BIC) were
present in Table 3.

The preliminary examination indicated that these models fitted to data richly.
Table 3 showed that the estimated Akaike Information Criteria (AIC) for the Wood's
model were lowers for all traits which mean that WD model provides better fitting
for the curves of the all studied traits.

In conclusion, Wood (WD) model gave the best fit with a MSPE, BIC and AIC
values. Guo and Swalve's model produced curves similar to the curves of Wilmink's
model.
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Table 3. Goodness of fit statistics of expected curves of Egyptian buffalo for
daily milk yield and its contents

Model Traits MSPE AIC BIC
Milk Yield 9.97 27551 27709
Fat Yield 0.08 2318 2475
Protein Yield 0.02 -5339 -5182
Wilmink Lactose Yield 0.03 -3887 -3729
Fat % 2.69 20568 20726
Protein % 0.22 7289 7447
Lactose % 0.23 7500 7658
Milk Yield 9.95 27535 27692
Fat Yield 0.09 2311 2469
Protein Yield 0.02 -5357 -5199
Guo&Swalve Lactose Yield 0.03 -3898 -3740
Fat % 2.68 20554 20712
Protein % 0.22 7286 7443
Lactose % 0.23 7501 7659
Milk Yield 10.09 27422 27580
Fat Yield 0.09 2108 2266
Protein Yield 0.02 -5615 -5457
Wood Lactose Yield 0.03 -4138 -3980
Fat % 2.71 20497 20655
Protein % 0.22 7207 7365
Lactose % 0.23 7410 7568
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