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ABSTRACT

Background: Peak milk yield is an important early observable trait that holds immense practical significance in dairy farming. It is
often utilized to assess the production potential of dairy animals under field conditions. Therefore, the present study aimed to
predict the first lactation 305-day milk yield (FL305DMY) based on peak milk yield (PY) and subsequently, compare its efficiency
with monthly test-day milk yield (TD) records alone or in combinations.

Methods: Data on 350 PY and 3,850 TD records pertaining to first lactation of 350 Murrah buffaloes that calved in between 1993
and 2017 at ICAR-National Dairy Research Institute, Karnal, India were utilized for the investigation. A total of 11 TD records were
taken from each animal at an interval of 30 days, starting from 6" day onwards until 305" day of lactation. The prediction of
FL305DMY was performed by univariate and stepwise backward multiple linear regression analysis. The efficiency of the prediction
equations was evaluated by Coefficient of determination (R?), Akaike Information Criterion (AIC), Bayesian Information Criterion
(BIC) and Root Mean Square Error (RMSE).

Result: It was observed that the peak milk yield alone could predict the FL305DMY with 64.15% accuracy, which was the highest
in univariate linear regression analysis. Furthermore, the regression coefficients and R? values indicated that mid-lactation
monthly test-day milk yield records up to TD-7 could be utilized in conjunction with peak milk yield for early prediction of FL305DMY.
The stepwise backward multiple linear regression analysis revealed that the most optimal prediction equation, including peak milk
yield as one of the variables, was found to be composed of three variables (PY, TD-4 and TD-7) showed 84.79% R?2 The results

could be utilized for early selection of genetically superior animals in breeding strategies.
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INTRODUCTION
First lactation 305-day milk yield (FL305DMY) is a
fundamental parameter for assessing the overall productivity
and potential of dairy animals. Breeding strategies are
predominantly structured and evaluated based on
FL305DMY of daughters of genetically superior sires.
However, the record on complete 305-day lactational yield
requires data recording on a day-to-day basis, which is time-
consuming and expensive under field conditions. Studies
conducted in recent years revealed that peak milk yield (PY)
and test-day milk yield records could act as potential
alternatives to daily data recording due to their high genetic
association with complete 305-day milk yield in dairy animals
(Torshizi and Mashhadi, 2015; Miranda et al., 2019; Rana
et al., 2021a). Peak milk yield, in particular, is an important
early observable trait that is attributed to the lactation curve.
It denotes the highest daily milk yield obtained at any point
during the lactation. Under field conditions, the farmers
usually remember the peak milk yield obtained during the
lactation and use it to negotiate the price of the dairy animal
for sale or purchase purposes (Chaudhry et al., 2000; Singh
and Kumar, 2007; Taher, 2012; Marumo et al., 2022).
Precise and early prediction of FL305DMY based on
early traits such as peak milk yield and test-day milk yield
has significant advantages viz. (a) early selection of
genetically superior animals, (b) better farm management
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by sorting out non-productive animals, (c) reduced time
and expenditure in dairy farming and (d) increased annual
genetic response (Patond et al., 2013; Bhosale and Singh,
2015). Over the years, regression analysis has been
extensively utilized by researchers for the prediction of
lactational yield in dairy animals based on test-day milk
yield records (Grzesiak et al., 2003; Singh and Rana, 2008;
Chakraborty et al., 2010; Singh and Tailor, 2013; Chandrakar
et al., 2019; Rana et al., 2021b). However, the literature on
the prediction of FL305DMY based on peak milk yield is
scanty till date, especially in buffaloes. Therefore, the
present study was carried out to predict the FL305DMY

775



Evaluating Peak Milk Yield as a Predictor for First Lactation 305-Day Milk Yield in Murrah Buffaloes

based on peak milk yield in Murrah buffaloes. The prediction
accuracy was then compared with the predictions made
using monthly test-day milk yield (TD) records alone and
in combinations, to understand the significance of peak
milk yield as a predictor for FL305DMY in Murrah Buffaloes.

MATERIALS AND METHODS

The data on 350 peak milk yield (PY) records and
3,850 monthly test-day milk yield (TD) records pertaining
to first lactation of 350 Murrah buffaloes that calved in
between 1993 and 2017 at ICAR-National Dairy Research
Institute, Karnal, India were considered for the present study.
The data was subjected to standardization by excluding the
records depicting (a) lactation length less than 100 days,
(b) 305-day milk yield lower than 900 kg, (c) interruption in
the middle of lactation due to culling or death of the animal
and (d) abnormal pathological cases such as abortion,
still-birth, etc. The normalization of the data was performed
by deleting the outliers beyond three standard deviations
on both the tail ends of normally distributed data set. A total
of 11 TD records were taken from each animal at an interval
of 30 days. First TD (TD-1) was recorded on 6" day, TD-2
on 35" day, TD-3 on 65" day, TD-4 on 95" day, TD-5 on
125" day, TD-6 on 155" day, TD-7 on 185" day, TD-8 on
215" day, TD-9 on 245" day, TD-10 on 275" day and the
last TD (TD-11) was recorded on 305" day.

Prediction based on regression analysis

The prediction of first lactation 305-day milk yield
(FL305DMY) was performed by univariate and stepwise
backward multiple linear regression analysis. Statistical
Analysis System (SAS) Enterprise Guide version 4.3, 2003
software was utilized to conduct the regression analysis.
Stepwise backward multiple linear regression analysis was
performed by estimating the regression coefficients of
respective peak milk yield and monthly test-day milk yield
records in different combinations. The prediction equations
were derived using peak milk yield and/or one or more
TDs as independent variables based on the following

formula:
Qi = a+2biXi

Where,

Qi = Estimated first lactation 305-day milk yield of i animal.

a = Intercept value.

b, = Regression coefficient of first lactation 305-day milk
yield on monthly test-day milk yield or peak milk yield
record.

X, = Monthly test-day milk yield or peak milk yield of i animal.

Criteria for evaluating the prediction equations

The efficiency of the prediction equations was evaluated
based on Coefficient of determination (R?), Akaike Information
Criterion (AIC), Bayesian Information Criterion (BIC) and
Root Mean Square Error (RMSE) as per the formulas
mentioned below (Akaike, 1974; Schwarz, 1978; Yang, 2019;
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Rana et al., 2021b). The coefficient of determination is also
represented as the accuracy of fitting the regression models.
Higher the values of R? and lower the values of AIC, BIC and
RMSE denoted the optimal prediction equations.

_ Sum of squares due to regressionx
- Total sum of squares

AIC= 2k + n In(RSS / n)
BIC=k In(n) + n In (RSS/ n)

211 (Qi-Yi)z
n

R2

100

RMSE=

Where,

k = Number of parameters in the model.

n = Number of observations.

In = Natural logarithm.

RSS = Residual sum of squares from the fitted regression
model.

Y= Predicted 305-day milk yield of i animal.

Y= Actual 305-day milk yield of i animal.

RESULTS AND DISCUSSION
Prediction based on univariate linear regression analysis

The univariate linear regression analysis revealed that the
highest prediction accuracy was exhibited by peak milk
yield records with 64.15% R? and 256.0293 RMSE. TD-5
showed the highest accuracy amongst the monthly test-
day milk yield records with 62.53% R?, followed by TD-7
with 62.30% R?2. It was observed that the extremes of the
monthly test-day milk yield records (TD-1, TD-11, TD-10,
TD-9, TD-2) showed lower prediction accuracy, whereas,
the mid-lactation monthly test-day records (TD-5, TD-7, TD-
3, TD-4, TD-6) showed higher prediction accuracy.
Furthermore, the regression coefficient (b) was found to be
highest for TD-7. It could be inferred from the results that
mid-lactation monthly test-day milk yield records up to
TD-7 hold the potential to predict FL305DMY in conjunction
with peak milk yield records, hence, were utilized further
for multiple linear regression analysis. This would also
facilitate early prediction of FL305DMY. The results of
univariate linear regression analysis for the prediction of
FL305DMY based on peak milk yield and monthly test-day
milk yield records are presented in Table 1.

Sharma et al. (2019) performed the univariate linear
regression analysis for the prediction of FL305DMY in
384 crossbred cattle and reported that peak milk yield
alone demonstrated 47.10% R?, which was lower than
the estimate observed in the present study. They also
reported that higher prediction accuracy was exhibited
by mid-lactation monthly test-day records, with TD-7
demonstrating the highest R? value of 75.15%. Similarly,
Sah et al. (2013) based on the study on 300 Kankrej
cows, reported that peak milk yield alone exhibited 49.9%
prediction accuracy and the highest R? (67.10%) was
exhibited by TD-8. Singh and Rana (2008) and
Elmaghraby (2009) reported that the highest R? was
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exhibited by TD-6 in Murrah and Egyptian buffaloes,
respectively.

Prediction based on multiple linear regression analysis

The regression analysis involving two independent
variables (bivariate linear regression), including peak milk
yield as one of the variables, generated a total of seven
prediction equations (Table 2). The prediction accuracy
based on bivariate linear regression analysis ranged from
65.84% to 79.80%. A perusal of the results revealed that
the most optimal prediction equation featured PY and TD-7
with 79.80% R? and 192.4454 RMSE. Interestingly, the initial
analysis showed that PY alone yielded a prediction
accuracy of 64.15% (Table 1). However, upon the addition
of one more variable to the equation, the accuracy surged
to 79.80%, representing a significant increase of 15.65%.
Furthermore, it was observed that PY and TD-5 yielded a
prediction accuracy of 73.55% and stood in third position,
however, initial analysis showed that TD-5 alone emerged

as the most accurate predictor amongst the monthly test-
day milk yields in univariate linear regression analysis

(Table 1). It could be inferred from the results that the
variable demonstrating the highest prediction accuracy in
univariate regression analysis might yield different
results when considered in combination with others.

While examining the top five prediction equations generated
from bivariate linear regression analysis, it was observed
that the variations in accuracy were evident, on the contrary,
no such significant variations in accuracy were found in
top five prediction equations generated from three, four
and subsequent combinations of independent variables
regression analysis.

Sharma et al. (2019) based on the study on 384
crossbred cattle, reported that the most optimal bivariate
linear regression equation consisted of PY and TD-7, which
was in agreement with the present study. They reported
the range of R between 50.80% (PY and TD-1) and 85.20%
(PY and TD-7). Interestingly, a very high increase in R?
estimate (38.10%) was observed on the introduction of an
additional TD to the univariate peak milk yield equation,
which was more than double the increase observed in the
present study on Murrah buffalo. This could be attributed to
the genetic variations present between the species. Similarly,
Sah et al. (2013) also reported that the most optimal bivariate
linear regression equation consisted of PY and TD-7 with
75.10% prediction accuracy in Kankrej cows. Singh and
Kumar (2007) studied peak milk yield along with pre-peak
period in 284 Karan Fries cows and reported that both
together demonstrated 61.85% accuracy in the prediction of
FL305DMY. Furthermore, based on the magnitude of

Table 1: Univariate linear regression equations and their respective accuracy.

Prediction equation R? (%) AlIC BIC RMSE

267.0720 + 173.6641 x PY 64.15 3883.6986 3880.6233 256.0293
709.7232 + 177.5257 x TD-5 62.53 3899.1650 3896.0509 261.7492
749.8706 + 192.6559 x TD-7 62.30 3901.3025 3898.1831 262.5497
768.7798 + 160.4807 x TD-3 61.10 3912.2962 3909.1504 266.7057
719.5389 + 170.6728 x TD-4 60.65 3916.3095 3913.1542 268.2391
772.2749 + 175.9392 x TD-6 59.90 3922.9034 3919.7327 270.7778
906.7594 + 186.2092 x TD-8 57.62 3942.2672 3939.0531 278.3728
868.4530 + 156.2538 x TD-2 56.98 3947.5236 3944.2981 280.4711
1025.7944 + 180.1712 x TD-9 51.81 3987.2330 3983.9263 296.8415
1143.3361 + 183.2638 x TD-10 44.73 4035.1860 4031.7922 317.8891
1445.6999 + 150.4982 x TD-11 35.10 4091.3887 4087.9065 344.4649
1625.8486 + 104.9567 x TD-1 19.70 4165.9135 4162.3333 383.1613

R2 Coefficient of determination; AIC: Akaike information criterion; BIC: Bayesian information criterion; RMSE: Root mean square error.

Table 2: Bivariate linear regression equations and their respective accuracy.

Prediction equation R2 (%) AlIC BIC RMSE

82.2308 + 111.8266 x PY + 119.0480 x TD-7 79.80 3684.8558 3683.2378 192.4454
133.0502 + 112.9959 x PY + 102.2322 x TD-6 76.54 3737.2163 3735.0458 207.3925
218.7156 + 104.1529 x PY + 99.6033 x TD-5 73.55 3779.1945 3776.6261 220.2101
226.0311 + 107.8170 x PY + 90.7659 x TD-4 72.08 3798.2037 3795.4676 226.2720
291.3216 + 105.9944 x PY + 82.9879 x TD-3 70.75 3814.5165 3811.6425 231.6070
283.0281 + 116.0652 x PY + 74.8768 x TD-2 70.17 3821.2818 3818.3523 233.8563
2440415 + 161.1326 x PY + 33.6988 x TD-1 65.84 3868.7265 3865.4316 250.2561

R2 Coefficient of determination; AIC: Akaike information criterion; BIC: Bayesian information criterion; RMSE: Root mean square error.
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Table 3: Most optimal prediction equations with peak milk yield and their respective accuracy.

No. of

independent Prediction equation R? (%) AlC BIC RMSE

variables

3 65.5133 + 64.3836 x PY + 72.8854 x TD-4 + 108.5895 84.79 3587.4770 3586.3817 167.2159
x TD-7

4 86.5099 + 37.4867 x PY+ 49,5412 x TD-2 + 59.4401 87.24 3528.1557 3527.7291 153.4126
x TD-4 + 105.7815 x TD-7

5 66.0743 + 25.4969 x PY + 50.9943 x TD-2 + 52.8704 x 89.30 3468.5432 3469.5202 140.6908
TD-4+ 49.7480 x TD-6 + 79.0522 x TD-7

6 77.2620 + 18.2189 x PY + 41.7983 x TD-2 + 26.5623 89.74 3455.6814 3457.0568 137.9359
x TD-3 + 43.2767 x TD-4 + 49.7674 x TD-6 + 78.3609 x TD-7

7 82.2375 + 12.4406 x PY + 41.2312 x TD-2 + 25.7472 x TD-3 90.13 3444.1395 3446.0332 135.4908
+ 37.8843 x TD-4 + 24.4702 x TD-5 + 41.0969 x TD-6 + 76.1649
x TD-7

8 67.2639 + 11.9957 x PY + 16.1043 x TD-1 + 33.4120 x TD-2 90.45 3434.6917 3437.1653 133.4882

+24.5306 x TD-3 + 39.3940 x TD-4 + 24.3223 x TD-5 + 41.2548
x TD-6 + 76.8914 x TD-7

R2 Coefficient of determination; AIC: Akaike information criterion; BIC: Bayesian information criterion; RMSE:

Table 4: Most optimal prediction equations without peak milk yield and their respective accuracy.

Root mean square error.

No. of

independent Prediction equation R2 (%) AlC BIC RMSE

variables

2 292.4069 + 111.1536 x TD-4 + 129.0813 x TD-7 81.24 3659.0568 3657.7351 185.4818

3 197.7813 + 63.5295 x TD-2 + 73.4110 x TD-4 + 86.28 3551.5837 3551.1345 158.8578
114.5026 x TD-7

4 136.3261 + 60.2157 x TD-2 + 61.3029 x TD-4 + 88.87 3480.1613 3480.9428 143.2466
54.5701x TD-6+ 82.1226 x TD-7

5 125.8594 + 46.2512 x TD-2 + 31.3598 x TD-3 + 47.1347 89.54 3460.4791 3461.7186 139.0793
x TD-4 + 52.9679 x TD-6 + 80.2718 x TD-7

6 114.3112 + 44.0612 x TD-2 + 28.7746 x TD-3 + 39.8149 90.04 3445.2877 3447.0698 135.9029
x TD-4 + 27.0733 x TD-5 + 42.2520 x TD-6 + 77.1717 x TD-7

7 98.0347 + 16.2601 x TD-1 + 36.0642 x TD-2 + 27.4369 90.37 3435.7155 3437.9959 133.8700

x TD-3 +41.2695 x TD-4 + 26.8301 x TD-5 + 42.3698

x TD-6 + 77.8688 x TD-7

R2 Coefficient of determination; AIC: Akaike information criterion; BIC: Bayesian information criterion; RMSE: Root mean square error.

regression coefficients they also reported that in the
observed prediction accuracy the contribution of pre-peak
period was negligible and PY emerged as a key predictor
for FL305DMY.

In-depth analysis of prediction equations

The stepwise backward multiple linear regression (MLR)
analysis of monthly test-day milk yield records with and without
peak milk yield was performed and the most optimal
equations for the prediction of FL305DMY are presented in
Table 3 and Table 4, respectively. The most optimal prediction
equation with three independent variables including peak
milk yield (PY, TD-4 and TD-7) showed an accuracy of 84.79%,
whereas, TD-4 and TD-7 (without peak milk yield) showed
81.24% accuracy. While considering four independent
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variables including PY, the most optimal prediction equation
featured PY, TD-2, TD-4 and TD-7 yielded 87.24% R?, whereas,
the prediction equation incorporating only TD-2, TD-4 and
TD-7 showed 86.28% R2. The most optimal prediction
equation with five independent variables including PY (PY,
TD-2, TD-4, TD-6 and TD-7) demonstrated an accuracy of
89.30%, whereas, when considering only TD-2, TD-4, TD-6
and TD-7 in a regression analysis without PY, the accuracy
was 88.87%. Similarly, for six and seven independent
variables analysis including PY, the R? was 89.74% and
90.13%, respectively. In contrast, the same equations without
PY, yielded an accuracy of 89.54% and 90.04%, respectively.
While considering PY with all the seven TDs, the prediction
accuracy was found to be 90.45%, whereas, without PY the
seven TDs yielded an accuracy of 90.37%.
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Fig 1. Comparative analysis of prediction accuracy (R?) across various regression equations.

The graphical presentation for comparative analysis
of the observed results has been depicted in Fig 1. A perusal
of the illustration revealed an increasing trend in prediction
accuracy (R?) with each successive introduction of an
additional TD into the regression equation. Interestingly, it
was observed that while the increase in R? was evident
with each successive addition of a TD, however, the trend
for increase in R? showed a declining pattern with each
successive step. The most significant increase in R2
(15.65%) was observed when the investigation switched
from univariate to bivariate regression analysis. The R?
was significantly increasing up to five variables regression
analysis, however, in-depth observation revealed that the
contribution of PY in the prediction accuracy of this
five variables regression analysis was relatively limited.
The comparison between the most optimal prediction
equations with PY and the same equations without PY
revealed that the contribution of PY in prediction accuracy
ranged between 0.08% and 17.50%. The most significant
contribution of PY (17.50%) was observed when the
investigation switched from univariate to bivariate
regression analysis. The contribution of PY in prediction
accuracy was found to be significant up to three variables
regression analysis, thereafter no major contribution was
observed. Therefore, it could be inferred from the results
that for the prediction of FL305DMY, the most optimal
prediction equation including peak milk yield was the MLR
equation consisting of three variables (PY, TD-4 and TD-7)
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with 84.79% R2. Beyond this three variables equation,
considering peak milk yield in the prediction of FL305DMY
would not be significant and unnecessarily increase the
cost incurred on data recording.

Singh et al. (2022) reported that the optimal equation
for the prediction of FL305DMY consisted of age at first
calving (AFC), PY, TD-1, TD-2, TD-3 and TD-4 showed
80.53% accuracy. However, the regression coefficient in
this equation indicated that the role of AFC was negligible
as a predictor for FL305DMY in Murrah buffalo. A higher R?
estimate of 83.91% for prediction equation consisting of
TD-4 and TD-7 only (without PY) was reported by Sharma
et al. (2019) in crossbred cattle. In addition, they reported
that the best prediction equation incorporating peak milk
yield consisted of PY, TD-6 and TD-7 showed 86.30%
accuracy, whereas, early prediction could be achieved by
PY, TD-5 and TD-6 with 80.30% accuracy. Sah et al. (2013)
suggested that the most optimal prediction equation
including PY consisted of three variables (PY, TD-6 and
TD-7) exhibited 78.10% accuracy.

CONCLUSION

Based on the study, it is concluded that the prediction of
FL305DMY could be achieved by peak milk yield alone with
64.15% accuracy in Murrah buffaloes. The results of
univariate linear regression analysis indicated that mid-
lactation monthly test-day milk yield records up to TD-7 could
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be utilized in conjunction with peak milk yield records for
early prediction of FL305DMY. The stepwise backward
multiple linear regression analysis of monthly test-day milk
yield records with and without peak milk yield revealed that
the most optimal prediction equation including peak milk
yield consisted of three variables (PY, TD-4 and TD-7)
showed 84.79% accuracy. This would facilitate early and
cost-effective prediction of FL305DMY, leading to early
selection of genetically superior animals. Furthermore, this
would reduce the generation interval and increase the
annual genetic response in breeding strategies.
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