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ABSTRACT

Background: Breeding programme is mainly structured and evaluated on the basis of first lactation 305-day milk yield (FL305DMY)
of dairy animals. Early prediction of 305-day milk yield using test-day records is crucial for early evaluation of elite animals and to
reduce the cost of data recording and animal rearing.

Methods: In the study, the prediction efficiency of conventional models viz. centering date method (CDM), test interval method (TIM),
ratio method (RM) and multiple linear regression (MLR) was compared with the newly evolved machine learning connectionist model
named Artificial Neural Network (ANN). Data on 3,850 monthly test-day milk yield (MTDY) records of 809 Murrah buffaloes were
utilized for the prediction of FL305DMY. The prediction efficiency of the models was compared based on absolute error, average
error, root mean square error (RMSE) and their respective percentages. An attempt was thereafter made for the early-stage
prediction of FL305DMY.

Result: MLR was identified as the most accurate model with least error in prediction (4.19% RMSE), followed by ANN model (4.28%
RMSE). The prediction accuracy for the regression equation incorporating all the 11 MTDY records was found to be 95.68 per cent.
The optimal regression equation for early-stage prediction of FL305DMY consisted of four variables viz. MTDY-3 (65" day), MTDY-
4 (95" day), MTDY-5 (125" day) and MTDY-7 (185" day) showed a R? value of 87.02 per cent. It was inferred from the study that the
most effective early-stage prediction of FL305DMY could be achieved by 185" day of lactation, offering a valuable tool for early and

efficient selection of elite animals using monthly test-day milk yield records.

Key words: Artificial neural network, Monthly test-day milk yield, Multiple linear regression, Murrah buffalo, Prediction.

INTRODUCTION
In breed improvement programme, genetically elite sires
are predominantly selected and evaluated on the basis of
305-day milk yield records of their daughters. However,
working on complete 305-day milk yield records of the
progenies increases the generation interval and reduces
the genetic response per unit time. This also necessitates
the recording of milk yield data of the progenies on a daily
basis (Dongre et al., 2012). Nevertheless, daily recording
of the data is laborious, costly affair, time-taking and
practically a challenging endeavour to execute under real-
world field conditions. Previous studies revealed that test-
day records could act as a potential substitute for daily
data recording because of the high genetic association
between test-day records and complete 305-day milk yield
record of dairy animals (Torshizi and Mashhadi, 2015; Rana
et al., 2021a). The statistical model formulated using test-
day records has significant advantages: (i) considers the
genetic and associated environmental factors, (i) capable
of evaluating the animals at an early stage resulting in
decreased generation interval and increased genetic
response per unit time and (iii) reduces time and
expenditure for the study (Kaygisiz, 2013).

Prediction of 305-day milk yield records of dairy
animals based on test-day milk yield records could enrich
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the selection and evaluation of elite sires at an early stage
(Lidauer et al., 2003). Over the years, several conventional
methods have been utilized by researchers to predict the
first lactation 305-day milk yield (FL305DMY) of dairy
animals based on test-day milk yield records. Conventional
methods work on statistical models which require a
predefined algorithm for computational transformation
(Sharma et al., 2006). Recently, in this era of artificial
intelligence, a machine learning connectionist model which
is inspired by the working principles of biological neural
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network (human brain and its nerve cells) called Artificial
Neural Network (ANN) has been introduced in the field of
dairying to facilitate the prediction studies (Sharma et al.,
2013). ANN learns itself from the given set of data and can
even be applied to complex, non-linear, ambiguous and
noisy data (Guevara et al., 2023). Milk yield is typically
represented in the form of a non-linear lactation curve,
therefore, ANN can be effectively utilized for the prediction
of 305-day milk yield of dairy animals.

The information on the prediction of FL305DMY of
buffaloes based on conventional and connectionist models
is scanty till date. Therefore, the present study was
conducted to predict the FL305DMY of Murrah buffaloes
based on conventional viz. Centering Date Method (CDM),
Test Interval Method (TIM), Ratio Method (RM) and Multiple
Linear Regression (MLR); and connectionist viz. Artificial
Neural Network (ANN) models using monthly test-day milk
yield (MTDY) records. The prediction accuracy obtained by
the models was then compared. Also, an attempt was made
to evaluate the animals at an early stage by predicting the
FL305DMY based on the optimal combination of early test-
day milk yield records.

MATERIALS AND METHODS

Data considered for the study comprised of 3,850 first
lactation monthly test-day milk yield (MTDY) records of 809
Murrah buffaloes that calved at ICAR-National Dairy
Research Institute (NDRI), Karnal, India. Processing of the
raw data involved standardization followed by normalisation
of the data. The raw data depicting lactation length less
than 100 days, lactation yield under 900 kg and interrupted
in the middle of lactation due to culling or death of the animal
were excluded from the study. The cases of abortion, still-
birth, or any other pathological conditions were deemed
abnormal, hence, such records were also discarded from
the data set used for the prediction analysis. The
standardized data set was then subjected to normalisation
by excluding the outliers beyond three standard deviations
on both the tail ends of normally distributed data. A total of 11
MTDY records were taken from each animal at an interval of
30 days, viz. MTDY-1 on 6" day, MTDY-2 on 35" day, MTDY-
3 on 65" day, MTDY-4 on 95" day, MTDY-5 on 125" day,
MTDY-6 on 155" day, MTDY-7 on 185" day, MTDY-8 on 215"
day, MTDY-9 on 245" day, MTDY-10 on 275" day and MTDY-
11 was recorded on 305" day.

The prediction of first lactation 305-day milk yield
(FL305DMY) was performed utilizing four conventional
models, namely, centering date method, test interval
method, ratio method and multiple linear regression.

Centering date method (CDM)

Production credits (PN) were calculated for each individual
interval, thereafter, these production credits were added
up to estimate the overall 305-day milk yield of the animal
(O’connor and Lipton, 1960; Likhi et al., 1995).

For the first and last test-day interval,
PN=(DIM+%LI)P,
For the intervening test-day intervals,
PN = (LI) (P,)

Where,

DIM= Days from the first day of lactation to the first test-day
in case of first test-day interval and days between
last test-day and terminal day of lactation in case of
last test-day interval.

LI= Sampling interval

P = Milk yield on n*" test-day.

Test interval method (TIM)

Like CDM, production credits were calculated for each
test-day interval, followed by summing up of all the
production credits to predict the overall lactation yield
(Sargent et al., 1968; Likhi et al., 1995). The formulae
used were basically the same as employed in CDM
model, with the exception that the calculation of sampling
intervals differed. For the first and last test-day intervals,
sampling interval was calculated as the length of the
first and last test-day period, respectively. For nt
intervening test-day intervals, the sampling intervals were
calculated as:

LI=% (DIM_,-DIM_))

1

Where,

DIM_,, and DIM_,=The days in milk up to and including the
proceeding (n+1)"and preceding (n-1)"
test-day, respectively.

Ratio method (RM)

The complete 305-day milk yield was estimated by
summing up the product of each test-day milk yield with its
respective ratio factor (Dass and Sadana, 2003). Ratio
factor (R) was calculated as the ratio of average 305-day
milk yield to average test-day milk yield.

A
Y=RX
Where,
N

Y= Estimated 305-day milk yield of the i" animal.
X= Test-day milk yield of i" animal”.

Multiple linear regression (MLR)

Prediction equations based on MLR analysis were
formulated by estimating the regression coefficients of
respective test-day milk yield records in different
combinations. The MLR analysis was conducted using
statistical analysis system (SAS) enterprise guide version
4.3, 2003 software. Stepwise backward multiple linear
regression analysis was performed to estimate the 305-
day milk yield of the animal (Dongre et al., 2012; Rana
et al., 2021b). The equations formulated were based on
the following formula:

Qi =a+ Ibx
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Where,

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

x= Test-day milk yield of i" animal.

a= Intercept

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

The coefficient of determination (R?), also denoted as
the accuracy of fitting the regression models, was
calculated by using the following formula:

Sum of squares due to regression N

Total sum of squares

R?= 100

The above-mentioned conventional models were
subjected to a comparative evaluation against the newly
evolved machine learning connectionist model known as
artificial neural network.

Artificial neural network (ANN)

It represented an intelligent data processing system that
learned itself from the presented data set. The main
constituents of the constructed ANN model were input
layers, hidden layer(s) and an output layer. Each layer
served a distinct role in the implementation of the neural
network. In the back-propagation technique, the signals
were sent forward while the errors were propagated
backward. The network was trained using input variables
and the corresponding target variable until it could effectively
approximate a prediction function (Ruhil et al., 2013; Akilli
and Hulya, 2020). An extensive study was carried out to
predict the first lactation 305-day milk yield using the 11
monthly test-day milk yield records as input variables.
Weka software version 3.8.0 was utilized to develop a
multilayer feed-forward neural network with back-
propagation of error learning mechanism (Frank et al.,
2016). The network was trained and simulated through a
10-fold cross-validation process and spanned up to 2500

epochs or until the algorithmic convergence was achieved.
The default setting of the algorithms viz. 0.3 learning rate,
0.5 momentum and zero validation set size were utilized
as the network parameters. It was observed that the
algorithms were able to truly converge most of the time,
which signified that the performance/error goal was
achieved. The schematic representation of the workflow of
the prediction analysis has been depicted in Fig 1.

Criteria for judging the models

The error in the prediction of FL305DMY was estimated as
the deviation of predicted value from actual value of 305-
day milk yield. The absolute error is the error without
considering the positive or negative signs. The different
criteria of error for judging the efficiency of prediction models
are presented in Table 1.

RESULTS AND DISCUSSION
Prediction efficiency of different models

The prediction efficiency of conventional and connectionist
models was evaluated based on monthly test-day milk
yield records in Murrah buffalo. The error in prediction of
FL305DMY was estimated by subtracting the actual value
from the predicted value, therefore, a negative error denoted
an underestimation of lactation yield by the prediction model,
whereas, a positive error denoted an overestimation. The
efficiency of different prediction models was also evaluated
by absolute error, average error, root mean square error
(RMSE) and their respective percentages as shown in
Table 2. A perusal of the results revealed that all the models
exhibited an RMSE lower than five per cent, however, the
magnitudes of errors were minimal for MLR, followed by
ANN, CDM, TIM and RM models. The scatter plots showing
the prediction efficiency of different models by comparing
the actual and predicted values of FL305DMY are presented
in Fig 2. Clustering of the points closely around the diagonal

(n = 809)
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Fig 1: Schematic workflow for prediction analysis.
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(a) centering date method; (b) test interval method; (c) ratio method; (d) multiple linear regression and (e) artificial

neural network.

Fig 2: Actual versus predicted first lactation 305-day milk yield (FL305DMY) by different models.

Table 1: Estimation of error in prediction.

Error criteria Equation
A
Error B=Yi-Y
Absolute error [El
Absolute error
Percentage absolute error x 100

Mean of actual 305-day milk yield

Sum of error

Average error -
Number of observations

Percentage average error Average error « 100
Mean of actual 305-day milk yield

Root mean square error (RMSE) S
RMSE =

RMSE %
Percentage RMSE Mean of actual 305-day milk yield

E, error in prediction; /\?i, predicted 305-day milk yield of the i animal; Y, actual 305-day milk yield of the i"" animal; n, number of
observations.

Table 2: Error criteria to evaluate the prediction efficiency of different models.

Prediction Absolute Absolute Average Average RMSE RMSE
models error (kg) error (%) error (kg) error (%) (kg) (%)
CDM 69.8563 3.31 -10.3066 -0.49 90.6794 4.29
TIM 72.5321 3.43 9.4000 0.44 93.8102 4.44
RM 72.6903 3.44 6.7859 0.32 94.0317 4.45
MLR 68.6848 3.25 0 0 88.6089 4.19
ANN 69.8922 3.31 -0.3309 -0.02 90.4732 4.28

CDM: Centering date method; TIM: Test interval method; RM: Ratio method; MLR: Multiple linear regression; ANN: Atrtificial neural network;
RMSE: Root mean square error.
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line (y = x) in the scatter plots represents the accuracy of

— ~N M O —
the prediction models. 3 ® 355 o
Tailor and Singh (2014) reported 34.34 kg average i N
error in the prediction of lactation yield by TIM model based @ {33 4
on systematic sampling scheme in Surti buffaloes. Atil
(1999) reported that regression model was better than ratio
model based on the study on 3,780 records of Holstein 2 pe N q
Friesian cows, which was in agreement with the present 0 o 228 B
study. Murphy et al. (2014) conducted the study on 140 @ § § g E §
Holstein Friesian cows and reported that MLR with 10.62% ™ I ™
RMSE was found to be a better prediction model than ANN
model with 12.03% RMSE. Hemant and Hooda (2014)
predicted the lifetime milk yield based on production and < b o~ ©
reproduction traits of 158 crossbred cows and reported o SB o ®
that MLR (R? = 90.93%) was better than ANN (R? = 88.96%) el 2 d6d <
model. Gandhi et al. (2012) showed 99.77% prediction E § § E ﬁ
accuracy by MLR and 99.18% by ANN model, hence,
suggested that MLR could be preferred over ANN model in
Sahiwal cattle because of better prediction accuracy and
lesser complexity. Sanzogni and Kerr (2001) and Rana 2 © o © « «
et al. (2021b) also showed that MLR model was better S’ 3 2 ﬁ 2 ,‘3
o o © o ©

than ANN model for the prediction of lactation yield in dairy
animals which was in agreement with the findings of the
present study. On the contrary, Sharma et al. (2006) in Karan
Fries cows, Dongre et al. (2012) in Sahiwal cows and
Nosrati et al. (2021) in Holstein cows have documented
that ANN model performed better than MLR model in the
prediction of lactation yield of the dairy animals.

Prediction of first lactation 305-day milk yield

The results of the present study revealed that MLR model
exhibited the highest prediction efficiency amongst all the
tested models, therefore, the same was further utilized to
achieve the pivotal objective i.e. to predict the FL305DMY in
Murrah buffaloes. The MLR prediction models along with
their respective estimated intercept value, regression
coefficient, coefficient of determination (R?), Akaike
information criterion (AIC), Bayesian information criterion
(BIC) and root mean square error (RMSE) values are
presented in Table 3. The MLR model for the prediction of
FL305DMY utilizing all the 11 MTDY records was found to
be the best with 90.1681 RMSE and 95.68% accuracy.
However, utilizing all the 11 test-day records would not
predict the FL305DMY at an early stage of lactation. To
predict the FL305DMY record at an early stage, mid-lactation
monthly test-day milk yields up to MTDY-7 were investigated
by stepwise backward elimination regression model in
SAS enterprise guide 4.3, 2003 software. For early
prediction, the most optimal regression model with two
variables consisted of MTDY-3 and MTDY-7 showed
81.58% accuracy. The observation indicated that the
prediction accuracy with a single variable (MTDY-7) was
about 62%, remarkably, the introduction of an additional
variable to the model resulted in a significant increase of
around 19% in prediction accuracy. On addition of one more
variable to the model (MTDY-3, MTDY-5 and MTDY-7) further
showed an increment of 3.84% and resulted in 85.42% R2 - N oo

227.8737 + 78.8253 x MTDY-3 + 64.1337 x MTDY-5 + 101.5042 x MTDY-7

178.6359 + 54.8330 x MTDY-3 + 46.9864 x MTDY-4

323.4120 + 104.9975 x MTDY-3 + 128.6614 x MTDY-7
+ 49.2975 x MTDY-5 + 99.2256 x MTDY-7

18.1176 + 14.7376 x MTDY-1 + 32.6036 x MTDY-2
+23.2110 x MTDY-3 + 34.1837 x MTDY-4

+ 33.6875 x MTDY-5 + 30.5269 x MTDY-6
+ 31.2711 x MTDY-9 + 19.3893 x MTDY-10

+ 20.9519 x MTDY-11
Sub-sets of selected MTDYs for early prediction of first lactation 305-day milk yield

+ 30.5549 x MTDY-7 + 30.0347 x MTDY-8

749.8706 + 192.6559 x MTDY-7

Prediction equation

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

Table 3: Prediction equations along with their accuracy as estimated by stepwise backward regression model.

No. of MTDYs
Including all the monthly test-day milk yield (MTDYs) records

11
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Regression model with four variables (MTDY-3, MTDY-4,
MTDY-5 and MTDY-7) increased the prediction accuracy to
87.02%. Further addition of monthly test-day records did
not show a significant increase in the accuracy of prediction.
Therefore, it could be interpreted that the optimal model for
early-stage prediction of FL305DMY was the MLR model
consisting of four variables (MTDY-3, MTDY-4, MTDY-5 and
MTDY-7) with 87.02% R? and 154.7171 RMSE.

Singh et al. (2013) based on the study on 453 Surti
buffaloes reported that the regression equation with all the
test-day records showed 81.60% prediction accuracy, which
was lower than the estimates obtained in the present study
(R? = 95.68%). They also reported that the most optimal
equation for early prediction exhibited 76.90% R? had three
variables (MTDY-3, MTDY-6 and MTDY-7), in contrast, higher
estimate was derived in the present study with three
variables (R? = 85.42%) under MTDY-7. Murphy et al. (2014)
reported that the regression equation consisting of all the
monthly test-day records exhibited 91.70% R? in Holstein
Friesian cows. Similarly, in agreement with the present
study, Joshi et al. (1996) reported 93.07% prediction
accuracy in Haryana cows when all the monthly test-day
records were incorporated for the prediction of lactation
yield. EImaghraby (2009) studied on 175 Egyptian buffaloes
and reported that the optimal regression equation for the
early prediction of lactation yield consisted of five variables
(MTDY-1, MTDY-2, MTDY-3, MTDY-4 and MTDY-6) with 78%
accuracy. Dass and Sadana (2003) considered test-day
milk yield records up to 8™ month of lactation for early
prediction of 305-day milk yield and reported that the optimal
prediction equation incorporating four variables (MTDY-2,
MTDY-4, MTDY-6 and MTDY-8) showed 89% accuracy in
the study of 415 Murrah buffaloes. Gandhi et al. (2012)
reported that the optimal equation for early prediction of
lactation yield in Sahiwal cows consisted of five variables
(MTDY-2, MTDY-3, MTDY-5, MTDY-7 and MTDY-8) showed
93.77% R? and 126.98 kg RMSE. Saini et al. (2005) based
on the study on 267 Rathi cows reported that the increase
in prediction accuracy was 12.20% on addition of a second
variable to the single variable regression equation. The
regression equation incorporating all the test-day records
showed 81.31% prediction accuracy. The optimal
regression equation for early prediction of lactation yield
was with three variables (MTDY-1, MTDY-2, MTDY-7)
showed 78.42% R?, which was lower than the estimate
obtained in the present study.

CONCLUSION

The study revealed that the most accurate prediction of the
first lactation 305-day milk yield was achieved using MLR
model, followed by ANN model. As the difference observed
in the prediction accuracy was small, it is inferred that the
ANN model has great potential to serve as an alternative
for the prediction of FL305DMY if larger data is provided for
better training of the network. The results showed that the
optimum early prediction of FL305DMY could be achieved

by 185" day of lactation by utilizing MTDY-3 (65" day), MTDY-
4 (95" day), MTDY-5 (125" day) and MTDY-7 (185" day) for
which the prediction accuracy (87.02%) was nearer to the
one wherein all the monthly test-day records were utilized.
Evaluation of sire and dam based on early monthly test-day
records would result in reduced cost incurred on milk
recording and animal rearing, reduced generation interval
and increased response to selection. This study could serve
as a foundation for further prediction studies in dairy farming.
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