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Prediction of Fortnightly Test-Day Milk Yields Using Four
Different Lactation Curve Models in Indian Murrah Buffalo
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Abstract | The present investigation was carried out using data on 18871 fortnightly test day milk
yield (FTDMY) records during first lactation of 961 Murrah buffaloes calved during 1977-2012
maintained in an organized farm at National Dairy Research Institute, Karnal. The least squares
means of the FTDMY ranged from 2.35kg to 7.92kg. The relative efficiency of four lactation curve
models via. Gamma-type function (GF), Exponential function (EF), Mixed log function (MLF)
and polynomial regression function (PRF) were compared. PRF described the highest coefficient
of determination (R2) (99.78%) and with least value (0.02kg) of root mean squares error (RMSE),
whereas, least coeflicient of determination (93.13%) was observed in Gamma-type function having
maximum (0.1kg) RMSE value suggesting PRE being best mathematical model for prediction of
FTDMYs in Murrah buffaloes.
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INTRODUCTION

actation curve is the graphical representation of

milk yield against time (Brody et al., 1923). Dairy
cattle and buffaloes with more stable lactation curve
are more persistent than those which show a rapid in-
crease in the daily milk yield from calving to peak fol-
lowed by a rapid decline. Very scanty work on lacta-
tion curve has been reported in Murrah buftaloes, the
best dairy buffalo breed of India. Hence, the present
investigation has been proposed to fit and compare
the lactation curve models for describing the shape of
the lactation curve in Murrah buftaloes and predic-
tion of fortnightly test day milk yields.

MATERIALS AND METHODS

Data of 18871 fortnightly test day milk yield (F'TD-
MY) records during first lactation of 961 Murrah
buffaloes calved during 1977-2012 at the National
Dairy Research Institute, Karnal were collected. The
climate of the farm is subtropical in nature. The lowest
temperature falls to 2°C during the winter months,
whereas the highest temperature goes up to 45°C dur-
ing the summer. The annual rainfall is about 760 to
960mm, out of which most of the rainfall is received
during the months of July and August. The relative
humidity ranges from 41% to 85%.
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A total of 21 fortnightly test day milk yield records
(6™ day, 20™ day, 35" day,. . ., 305" day) were taken
at an interval of 15days from daily milk yield record-
ing register. The data were used to estimate lactation
curve parameters of the four lactation curve models
via. Gamma-type function (GF), Exponential func-
tion (EF), Mixed log function (MLF) and polynomial
regression function (PRF) for developing the predic-
tion model for estimation of fortnightly test day milk
yields in Murrah buffaloes.

1. Gamma-type function: (Wood, 1967)
Y = ate™
In its logarithmic form, this reduces to

In (Y) =1In(a) +bln (t) —ct
2. Exponential function (Catillo, 2002)

Y, = a+be *7%+ct
3. Mixed log function (Guo and Swalve, 1995)

Y =a+bt®+clogt
In the models, Y, = average daily yield in the t™ test
day of lactation; a = initial milk yield just after calving;
b= ascending slope parameter up to the peak yield;
c=descending slope parameter and t = length of time
since calving.
4. Polynomial regression function (Ali and Schaef-
fer, 1987)

Y =a+bx+cx?+dlog (1/x)+elog (1/x)?

In this model, Y, = Average milk yield in t* week of
lactation, a = Associated with peak yield, b & ¢ = As-
sociated with the decreasing slope, d & e = Associated
with the increasing slope, x = t /305

RESULTS AND DISCUSSION

'The least squares means of the FTDMY's were calcu-
lated for adjustment of effect of non-genetic factors
(season, year of calving and age at first calving groups).
The average FTDMYs increases from 3.93+0.05 kg
in first test day (6™ day of lactation) to a peak yield of
7.92+0.06 kg on test day 4 (50" day of lactation), and
subsequently declined to 2.35+0.07 kg in last test day.
In accordance with the present findings, Chakraborty
et al. (2010) observed the minimum least-squares
means as 4.43 + 0.09 kg on monthly test dayl (MTD
1) (6™ day) and maximum as 8.11 + 0.25 kg on MTD
3 (65™ day) in Murrah buffaloes.

Various lactation curve parameters (a, b, ¢, d and e)
were estimated to fit into the mathematical models to
obtain the prediction equation for FTDMYs (Table
1). The four lactation curve functions (Table 2) were
developed after fitting the values of the lactation curve

parameters for predicting FTDMYs.

Table 1: Estimated lactation curve parameters of different functions in Murrah buffalo

Lactation Parameters
S1. No. curve func-
tions a b c d e
1. GF 4.52 0.81 0.14 — -
2. EF 10.38 -12.68 -0.34 - -
3. MLF 10.97 -7.22 8.29 - -
4. PRF 2.31 1.61 -0.04 -4.1 -3.14

Table 2: Different lactation curve functions with parameters for prediction of FTDMY in Murrah buffaloes

SI. No. Function Parameters of function R? (%) RMSE (kg)
1. GF Y, = 4.52" "8l 014 93.13 0.1
2. 181D Y, = 10.38-12.68%¢ 070" -0.34" 94.35 0.09
3. MLF Y, = 10.97-7.22*%°+8.291og(t) 96.96 0.06
Y = 2.31+1.61%(t/305)-0.04*(t/305)-
* PRE 4 110g(305/0)-3.14%10g(305/¢) 99.78 0.02
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Table 3: Predicted FTDMY and error (kg) of different lactation curve functions in Murrah buffaloes

Observed GF EF MLF PRF
FTDMY V;l::r(l];)s Predicted Error Predicted Error Predicted Error Predicted Error
TD1 3.93 3.94 0.01 3.75 -0.18 3.75 -0.18 3.88 -0.05
TD 2 6.49 6.02 -0.47 6.58 0.09 6.50 0.01 6.70 0.21
TD 3 7.60 7.29 -0.31 7.82 0.22 7.56 -0.04 7.50 -0.10
TD 4 7.92 8.02 0.10 8.27 0.35 8.01 0.09 7.77 -0.15
TD5 7.90 8.38 0.48 8.32 0.42 8.16 0.26 7.84 -0.06
TD 6 7.79 8.48 0.69 8.18 0.39 8.12 0.33 7.82 0.03
TD 7 7.69 8.38 0.69 7.94 0.25 7.98 0.29 7.75 0.06
TD 8 7.59 8.15 0.56 7.65 0.06 7.77 0.18 7.63 0.04
TD9 7.42 7.83 0.41 7.33 -0.09 7.51 0.09 7.49 0.07
TD 10 7.28 7.44 0.16 7.01 -0.27 7.21 -0.07 7.30 0.02
TD 11 7.04 7.02 -0.02 6.68 -0.36 6.88 -0.16 7.08 0.04
TD 12 6.86 6.57 -0.29 6.35 -0.51 6.54 -0.32 6.82 -0.04
TD 13 6.62 6.12 -0.50 6.01 -0.61 6.18 -0.44 6.52 -0.10
TD 14 6.09 5.67 -0.42 5.68 -0.41 5.81 -0.28 6.18 0.09
TD 15 5.77 5.24 -0.53 5.34 -0.43 5.43 -0.34 5.79 0.02
TD 16 5.40 4.82 -0.58 5.01 -0.39 5.05 -0.35 5.36 -0.04
TD 17 4.93 4.42 -0.51 4.67 -0.26 4.67 -0.26 4.87 -0.06
TD 18 4.38 4.04 -0.34 4.33 -0.05 4.28 -0.10 4.34 -0.04
TD 19 3.77 3.68 -0.09 4.00 0.23 3.88 0.11 3.75 -0.02
TD 20 3.07 3.35 0.28 3.66 0.59 3.49 0.42 3.10 0.03
TD 21 2.35 3.04 0.69 3.33 0.98 3.10 0.75 2.40 0.05

The GF gave the lowest R? value (93.13%), with the-
highest RMSE value (0.1 kg). Dimauro et al. (2005)
reported similar R? value (93.7%) in Italian water buf-
faloes using this function, whereas an R? value of 96%
has been reported by Kumar and Bhat (1979) and
Aziz et al. (2006) in Indian buffaloes and Egyptian
buffaloes, respectively. The EF gave a higher R? val-
ue (94.35%) with a comparatively lower RMSE value
(0.09 kg). Similar R? value (94.4%) was also report-
ed in Italian water buffaloes (Dimauro et al., 2005).
The R?and RMSE values from MLF were still better
i.e. 96.96% and 0.06 kg, respectively. In accordance
with this finding, an R? value of 96.7% was reported
by Kumar (2007) in Murrah buffalo. The PRF gave
the highest R? value (99.78%) and the lowest RMSE
value (0.02 kg) for Murrah buffaloes in the present
study. In Italian water buffaloes, Dimauro et al. (2005)
reported R?-value of 96.7% using this function.

PRF which explained highest coefficient of determi-
nation value with lowest root mean squares error pre-
dicted the peak fortnightly test day milk yield to be
7.84 kg in the 5™ test day of lactation. EF and MLF
also predicted the peak yield as 8.32 kg and 8.16 kg in
5% test day of lactation, respectively. However, by GF
the peak yield was found to be 8.48 kg in 6™ test day
of lactation. In Italian water buffaloes using GF, EF
and PRE, Dimauro et al. (2005) reported peak yield of
10.9kg, 11.3kg and 11.5kg in 33, 26™ and 29" day of
lactation, respectively. The predicted and actual fort-
nightly test day milk yield records of different func-
tions have been presented in table 3.

'The overall observed and predicted FTDMYs for all
4 lactation curve functions were plotted graphically
(Figure 1). The closeness of PRE was almost of simi

December 2014 | Volume 2 | Issue 12 | Page 649

5



OPENaACCESS

Advances in Animal and Veterinary Sciences

8 - 8 -
- 71 7
oo o
- - 4
5 6 - 5 0 -
T ' T
T =4 Predicted(EF) © —4—Predicted(MLF)
> 5 - > 5 -
= = Actual =
E 4 E 4 ==Actual
> >
3 3
g ° g3
o o
] 2 4 ] 2 A
1+ 1-
0 0
12 3 45 6 7 8 9 10111213141516171819 2021 123456 7 8 910111215141516 171819 2021
Fortnightly Fortnightly
9 - 9 -
8 - g -
- 71 — 7
< <
— B ) - 6 4
3 6 —+—Predicted(GF) s —4—Predicted(PRF)
> 5 A
= > ——Actual = > == Actual
E 4 E 4
> >
'$ 3 - "'5 3
@ I
o o
o2 Ll
14 1
0 0

123456 78 910111213141516 1718192021

Fortnightly

Figure 1: Actual and predicted FTDMYs from various

lar order of magnitude as the observed one. This may
be due to the fact that this function accounted for
rising and declining segments of the lactation curve.

CONCLUSIONS

In the present investigation it was found that on an
average, the peak yield from all lactation curves func-
tions was found to be highest around 65® day of lac-
tation in Murrah buffaloes. PRF is the best function
among four models studied followed by mixed log
function explaining highest coeficient of determina-
tion with lowest root mean square error and therefore
these two functions are recommended for prediction

of FTDMYs in Murrah buffaloes.
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