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Abstract—Estrus cycle estimation method through correlation
analysis among influencing factors based on regressive analysis is
carried out for Japanese Dairy Cattle Productivity Analysis.
Through the experiments with 280 Japanese anestrus Holstein
dairy cows, it is found that estrus cycle can be estimated with the
measured with visual index of Body Condition Score (BCS),
hormone treatments, and parity number, based on regressive
equation. Also, it is found that the time from the delivery to the
next estrus can be expressed with BCS, hormonal treatments,
parity. Thus it is found that productivity of cattle can be
identified.
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. INTRODUCTION

Productivity of daily cattle is getting down now-a-days due
to the fact that estrus cycle is getting longer and longer. The
typical estrus cycle is around 21 days [1]-[4]. In order to
improve the productivity, it would be better to find productive
cattle which have a relatively short estrus cycle. Therefore,
there has been proposed methods for productive cattle finding
[5]-[12].

It is better to find productive cattle by using visual
perception, such as Body Condition Score (BCS), and so on
because it is easy to measure. On the other hand, hormone
treatments are useful to productivity of cattle.

BCS, days after childbirth and or postpartum interval (PPI),
parity number, ovarian characteristics, uterine blood flow,
progesterone level (P4), climate and nutritional factors which
are mostly discovered by influential factors in this arena [13]-
[16]. Meanwhile, estrous synchronization protocol assists to
get higher pregnancy rate in many countries [17]. On the other
hand, ultrasound image analysis is very useful to find
pregnancy level [18]-[22].

The most influential factors against productivity of cattle is
BCS [13], [23], [24]. The authors have proposed the method
for estrus cycle estimation with three influential factors (BCS,
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postpartum interval, and parity) for understanding the
presence and absence of estrous cycle using a new unique
Bayesian Network Model (BNM) [25]. It, however, is not
possible to consider relations among the influencing factors.
Joint probability among the influencing factors cannot be
taken into account.

In this paper, regressive analysis based method for estrus
cycle estimation is proposed here in this paper in order to
consider a relation among the influencing factors. Experiments
are conducted with 280 different Japanese Holstein cows
observing with their BCS (2.0 to 3.25), hormonal treatments
and parity numbers in order to discover the ideal timing for
artificial insemination to make them pregnant. It is also
important to mention that, all these 280 samples found
anestrus in their farm. The experimental results are compared
to the previous method of BNM. It is clear from National
Livestock Breeding Center (NLBC), Japan that the overall
conception rate of live beef and dairy cattle is decreasing in
last 20 years in Japan [26]. Moreover, the findings of relations
among influencing factors of the measured BCS, hormone
treatments, parity number, and so on are other objectives for
improving cattle productivity and herd management.

The next section describes research background followed
by preliminary analysis and experiment. Then experimental
results are compared to the results from the Bayesian Network
approach followed by concluding remarks and future work.

1. RESEARCH BACKGROUND

There are the following influencing factors for estimation
of estrus cycle, BCS, PN, CIDR, and PG.

A. Body Condition Scoring

Fig. 1 shows examples of the different BCS of the cows
whose BCS of 3, 2.75, 2.5, and 2.25 are from the left to the
right, respectively. As shown in Fig. 1, BCS indicates fatty
level of daily cattle. BCS and its general meaning for 280
sample daily cattle provided by the Morinaga Dairy Service
(MDS) Co. Ltd., Japan is shown in Table 1.
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(@) BéS=3 (b) BCS=2.75 (c)BCS=2.5 (d) BCS=2.25
Fig. 1. Examples of the back view of the different BCS cows.

TABLE. I. BCS AND ITs GENERAL MEANING FOR 280 SAMPLE COWS
BCS Meaning (in general)
225 No fat pads on pin and hook bones- angular shape
25 Palpable fat pads on pin and hook bones- angular shape
275 Pi'n bones- round shape and hook bones- angular shape

with less fat pads

3.0 Fat pads on pin and hook bones- round shape
3.25 Visible fat pads on pin and hook bones- round shape

B. Parity Number/Number of Calves

The number of delivery of baby cattle is defined as Parity
Number (PN). In this paper, PN of the 280 of Holstein of daily
cattle ranges from 1 to 9.
C. Hormone Treatments

Hormone treatments can be divided into two categories:
CIDR and PG.

1) CIDR

e Vaginal indwelling type
preparation.

luteinizing  hormone

e Prepare estrus.

2) PG

e Prostaglandin.

e Uterine empyema.

Usually, CIDR is applied to the cattle has no estrus for a
long time for prompt estrus. If the CIDR does not work, then
PG is applied to the cattle.

1. PRELIMINARY ANALYSIS

BCS were observed in accordance with the UV method of
Ferguson [24] by an experienced animal scientist of MDS Co.
Ltd. These 280 individual cattle were Japanese Holstein breed,
which were found anestrus in the farm in lwate Prefecture,
Japan. The overall investigation for all these problematic dairy
cows is under observation of MDS Co. Ltd.

Single regressive analysis is conducted for investigation of
the following relations:

1) Estrus cycle and BCS

2) Estrus cycle and uterine empyema
3) Estrus cycle and ovarian disorder
4) Estrus cycle and CIDR

5) Estrus cycle and PG.
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Fig. 2(a) to (e) shows the results from the single regressive
analysis for 280 of cattle. There are five categories for BCS
ranges from 2.25 to 3.25. BCS=2.5 of cattle shows the highest
percentage ratio of estrus followed by BCS=2.75, BCS=3,
BCS=2.25 and BCS=3.25. Therefore, 2.5 to 2.75 of BCS is
appropriate shape of cattle. On the other hand, fatty and
slender shape of cattle is not appropriate for estrus.

There are two major reproductive dysfunctions, uterine
empyema and ovarian disorder. Once reproductive
dysfunction is onset for the specific cattle, then the estrus
cycle of the cattle is disappeared. Even if there is no
reproductive dysfunction, it is not always true that estrus cycle
is appeared for the cattle. The percentage ratio of the former
case is 64% while that of the latter case is 36% for the
reproductive dysfunction due to uterine empyema as shown in
Fig. 2(b). That is almost same thing for ovarian disorder.
Namely, the percentage ratio of the former case is 64% while
that of the latter case is 36% for the reproductive dysfunction
due to ovarian disorder as shown in Fig. 2(c).

On the other hand, there are two hormonal treatments,
CIDR and PG. As shown in Fig. 2(d) and (e), around 55% of
cattle have estrus cycle. A portion of the rest of 45% cattle
have estrus cycle when they had a hormonal treatment, CIDR
or PG. Usually, the cattle which need a hormonal treatment
have CIDR then PG when CIDR does not work for the cattle.

One of the indicators of the single regressive analysis of
P values of the single regressive analysis is shown in Table 2.
P value of BCS is so nice that BCS is excellent indicator for
estrus cycle followed by reproductive dysfunction and CIDR,
and PG as shown in Table 2.
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TABLE. 1.

Cross section

(a)-(e): Results from the single regressive analysis for 280 of cattle

P VALUES OF THE SINGLE REGRESSIVE ANALYSIS

a) BCS

4.6817x10"-9
6.8000x10"-16

BCS

(b) Uterine empyema

Cross section

2.7294x10"-2

1.800x10"-9

Uterine empyema

(c) Ovarian disorder

P Value
2.4040x10"-3

Cross section

Ovarian disorder

1.300x107-10

Cross section

(d) CIDR

1.707x10"-2

CIDR

7.400%x10"-9

Cross section

(e) PG

6.4348x10"-2

PG

3.038x10"-6

V.

EXPERIMENTS

A. Multiple Regressive Analysis
Not only estrus cycle (the time duration from estrus to the
next estrus) but also the time between Delivery and the Next
Estrus (DNE) is very important. DNE is defined as the time
from the delivery to the next estrus. Furthermore parity (parity
n is defined as the n-th delivery) is also crucial factor for the
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DNE and estrus cycle other than BCS, CIDR and PG.
Therefore, DNE and estrus cycle should be expressed as
functions of BCS, CIDR, PG and parity. Through “multiple
regressive analysis” is carried out for investigation of relations
among DNE, Estrus Cycle (EC), BCS, CIDR, PG and

parity (P).

Within 30 days, 28 out of 280 cattle show their estrus
cycle. Such 28 cattle are well productive. In order to obtain a
reliable function, multiple regressive analysis with significant
level at 5% is applied to the selected 28 cattle.

Fig. 3(a) shows influencing ratios of BCS, CIDR, PG and
P to EC while Fig. 3(b) also shows those of BCS, CIDR, PG
and P to DNE. The most influencing factor to EC is CIDR
followed by BCS, PG, and P while that to DNE is CIDR
followed by BCS, P, and PG. Therefore, it is said that CIDR
of hormonal treatment is very effective for EC and DNE. Also,
it is said that BCS is very good indicator for EC and DNE and
is easy to check. Histogram of cattle with 2.25, 2.5, 2.75 and 3
of BCS is shown in Fig. 4(a) for EC while that of BCS is
shown in Fig. 4(b) for DNE. From these figures, it is said that
2.510 2.75 of BCS cattle are very productive.

Parity, 0.03

(a) EC

(b) DNE
Influencing ratios of BCS, CIDR, PG and P to EC and DNE.

Fig. 3.

Vol. 8, No. 9, 2017

16
14
12
10
8
6
4
2 I .
0
2.75 2.5 3 2.25
(a) EC
60
50
40
30
20
) I I
2
0 |
2.5 2.75 3 2.25 3.25
(b) DNE
Fig. 4. Histogram of cattle with 2.25, 2.5, 2.75, 3 and 3.25 of BCS for EC and
DNE.

From the results from the multiple regressive analysis, EC
and DNE can be expressed in (1) and (2), respectively.

EC=2.9BCS-0.05P+2.7CIDR-0.31PG+18.5 1)
DNE=18.6BCS+2.52P+21.1CIDR-3.7PG+40.62  (2)

F value of the multiple regressive analysis is 0.942.
Therefore, the analysis is reliable enough.

B. Bayesian Network

Comparative study is conducted with Bayesian Network.
Bayesian Network model or probabilistic directed acyclic
graphical model is a probabilistic graphical model (a type of
statistical model) that represents a set of random variables and
their conditional dependencies via a directed acyclic graph
(DAG). Using these BCS, CIDR, PG, P, EC is estimated
based on the created Bayesian Network which is shown in
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Fig. 5(a). Also, Fig. 5(b) shows the estimated DNE with BCS,
CIDR, PG, P based on Bayesian Network.

(b) DNE
Fig. 5. Analyzed result with Bayesian Network.

As the result from the analyzed result with Bayesian
Network, coincident probability of EC is just 20% while that
of DNE is 16%. These probabilities are much less than that of
multiple regressive analysis. Therefore, it is concluded that
multiple regressive analysis is superior to the Bayesian
Network. One of the reasons for this is relations among the
influencing factors. Essentially, multiple regressive analysis
may consider the relations among the influencing factors.
However, Bayesian Network in this case does not take the
relations into account.

V. CONCLUSION

Estrus cycle estimation method through correlation
analysis among influencing factors based on regressive
analysis is carried out for Japanese Dairy Cattle Productivity
Analysis. Through the experiments with 280 Japanese anestrus
Holstein dairy cows, it is found that estrus cycle can be
estimated with the measured Body Condition Score: BCS,
hormone treatments, parity number, based on regressive
equation. Also it is found that the time from the delivery to
the next estrus can be expressed with BCS, hormonal
treatments, parity. Influencing factors can be clarified through
multiple regressive analysis. It is said that CIDR of hormonal
treatment is very effective for Estrus Cycle (EC) and the time

Vol. 8, No. 9, 2017

from the Delivery to the Next Estrus (DNE). Also, it is said
that BCS is very good indicator for EC and DNE and is easy
to check.

Further study is required for comparison of the analysis
performance of multiple regressive analysis and Bayesian
network types of analysis. Also, the number of samples has to
be increased for improvement of confidence level in the
statistical analysis.
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