DEVELOPMENT OF DECISION SUPPORT SYSTEM
FOR BODY CONDITION SCORE (BCS) IN COWS
THROUGH ARTIFICIAL INTELLIGENCE (Al)

THESIS

Submitted

In partial fulfillment of the requirements for the Degree of

MASTER OF VETERINARY SCIENCE

IN
LIVESTOCK PRODUCTION AND MANAGEMENT

BY

WANKHADE TEJAS SUNIL
Enrolment No. V/11/148

Nagpur Veterinary College, Nagpur

MAHARASHTRA ANIMAL AND FISHERY SCIENCES
UNIVERSITY, NAGPUR - 440 001
(INDIA)
2021




DECLARATION OF STUDENT

| hereby declare that the experimental research work and interpretation of
the thesis entitled “DEVELOPMENT OF DECISION SUPPORT SYSTEM
FOR BODY CONDITION SCORE (BCS) IN COWS THROUGH
ARTIFICIAL INTELLIGENCE (Al)” or part thereof has not been submitted
for any other degree or diploma of any University, nor have the data been derived
from any thesis/publication of any University or scientific organization. The
sources of materials used and all assistance received during the course of

investigation have been duly acknowledged.

Date:

Place:

(Wankhade Tejas Sunil)
Enrollment No: V/11/148

Counter signed by

(Dr. S. S. Chopade)
Chairman

Advisory Committee




DECLARATION OF ADVISORY COMMITTEE

Wankhade Tejas Sunil has satisfactorily prosecuted his course of research for a
period of not less than one semester and that the thesis entitled “DEVELOPMENT
OF DECISION SUPPORT SYSTEM FOR BODY CONDITION SCORE
(BCS) IN COWS THROUGH ARTIFICIAL INTELLIGENCE (Al)”
submitted by him is the result of research work is sufficient to warrant its presentation to
the examination in the subject of LIVESTOCK PRODUCTION AND
MANAGEMENT
for the award of MASTER OF VETERINARY SCIENCE degree by the Maharashtra
Animal and Fishery Sciences University, Nagpur.

We also certify that the thesis or part thereof has not been previously submitted

by him for a degree of any other University.

Place: Nagpur

Date:

Name

1) Dr.S.S. CHOPADE
(Chairman)

2) Dr.J. M. CHAHANDE
(Member)

3) Dr. D. S. RAGHUWANSHI
(Member)

4) Dr. M. S. PATIL
(Member)

5) Prof. ANKIT BHURANE
(Member)

(Dr.S.S. CHOPADE)
Advisor/Guide
Professor
Dept. of Livestock Production and Management

Advisory Committee

Designation Signature

Professor,
Livestock Production and Management

Professor &Head,
Livestock Production and Management

Professor
Deputy Director of Research
Cattle Breeding Farm

Dr. M. S. PATIL
Assistant Professor, ARGO

Assistant Professor, Dept.of Elect and
Communication VNIT,Nagpur




CERTIFICATE

This is to certify that the thesis entited, “DEVELOPMENT OF
DECISION SUPPORT SYSTEM FOR BODY CONDITION SCORE
(BCS) IN COWS THROUGH ARTIFICIAL INTELLIGENCE (Al)”
submitted by WANKHADE TEJAS SUNIL to the Maharashtra Animal and Fishery
Sciences University in partial fulfillment of the requirement for the degree of MASTER

OF VETERINARY SCIENCE has been approved by the Student's Advisory Committee

after examination in collaboration with the External Examiner.

Name & Signature of Signature with Seal (Dr.S.S. CHOPADE)
External Examiner Head of Department Advisor/Guide
Professor

Dept. of Livestock Production
and Management

Advisory Committee

Name Designation Signature

1) Dr.S.S. CHOPADE Associate Professor,

(Chairman) Livestock Production and Management
2) Dr.J. M. CHAHANDE Professor &Head,

(Member) Livestock Production and Management
3)Dr. D. S.RAGHUWANSHI Dr. ‘1-5- RAGF')*UfWANSH'

Member) ssociate Professor

( Farm Incharge CBF,Nagpur
4) Dr. M. S. PATIL Dr. M. S. PATIL

(Member) Assistant professor, ARGO

Prof. ANKIT BHURANE
Assistant Professor, Dept.of Elect and
Communication VNIT,Nagpur

5) Prof. ANKIT BHURANE
(Member)

Associate Dean
Nagpur Veterinary College,
Nagpur.




ACKNOWLEDGEMENT

Every completed task has got many hands to accomplish it. Formal words cannot carry the
fragrance of emotions with them; still they are only available means of expressing emotions. My

acknowledgments are, therefore, many more than what | am expressing here.

I am grateful to God for the good health and wellbeing that were necessary to complete this
Work study .

First and foremost, | have to thank my Beloved guide,Dr.S.S.ChopadeAssociate Professor,
Livestock Production and Management,Nagpur Veterinary College Nagpur,Without their assistance
and dedicated involvement in every step throughout the process, this paper would have never been
accomplished. 1 would like to thank you very much for your support and understanding over these

studywork .

Dr.Chahande, Professor &Head,Livestock Production and Management,Nagpur Veterinary
College Nagpur,was instrumental in defining the path of my research. 1 am extremely thankful and
indebted to him for the continuous encouragement,for sharing expertise, and sincere and valuable
guidance through each stage of the process

I wish to express my sincere thanks to Dr. D. S. RAGHUWANSHI Farm Incharge CBF,
Nagpur, for providing me with all the necessary facilities for the research.

I  would also like to show gratitude to my advisory committee,
member Dr. M. S. PATILAssistant professor,ARGO, Nagpur Veterinary College Nagpur,for the study
made a strong impression on me and | have always carried positive memories with me,the impact of

their work on my own study is obvious throughout this dissertation.

I would also like to thanks Prof. ANKIT BHURANEAssistant Professor, Dept.of Elect and
Communication VNIT,Nagpurhe experts who were involved in the validation survey through mobile
application for this research project.Without their passionate participation and input, the validation

survey could not have been successfully conducted.

| take this opportunity to express gratitude to Dr. S.. B. Kawitkar,Associate Dean and Head
Department of Animal Nutrition, Nagpur Veterinary College Nagpur, for the unceasing
encouragement, support and attention and who supported me through this venture

I am Extremely grateful thanks to  Dr.BhushanKhatiAssistant Professor,Livestock
Production and Management ,NVC,Nagpurfor inspiring my interest in the development of innovative

technologies,in this dissertation and was very patient with my knowledge gaps in the area.

I m forever thanks to Dr.PrabhuRautSir,Dr.DhokeSir,Dr.AjayGawande Sir for kind helps

and encouragement extended to me.

I must mention special thanks to my Big brother,Mentorcum senior friend, Dr. PravinShinde
(MVSC,ARGO )for their kindly help and cooperation during my research work.



I am affably cheered to express my gratitude to Shri.R.N.Kalawekakaand
VijayGorpadeacedemic section for their whole hearted cooperation throughout my research work.

I would like to thanks to my lovely Sister Mansi (Bittu) and my Soul mate friend
Dr.AnkitaRohade, for shadowing me with care and love without whom | would not have been able to

complete this task, and without whom I would not have made it through my master’s degree write up

My biggest grateful thanks to my mama Dr. VaibhawPachade (Sr.toxicologist @ Medtronic
pvt.Itd),andMami Dr. Swati Bamane (Pachade (Snr.research scientist-2 @ EurofinAdvinus Itd), who

always motivated me for new ldeas.

I would like to thank the following people who have helped me undertake this research:
Dr.Sandeeplngale(LDO Gr-1) Dist.deputycomissiner AH. Amravati (member of VCI)Dr.
V.S.Ghanbahadur Sir (LDO Gr-1) dist-Vet.polyclinicNagpur,andDr.TusharWataneSir (LDO Gr-
1)Tondgaontal-ChandurbajarDist-Amravatifor enthusiasm for the study work, for support,

encouragement and patience

| cannot forget to very special thanks my
DoctoralSnrs.Dr.ChetanLakade,Dr.AkshayBind,Dr.DhirajSawai,,for all the unconditional support in
this very intense academic years, without them it was impossible to carry the long journey of my
Degree. Heartily thanks to belovedfriendsDr.AkshayShinde, Dr.PratikKokate
,Dr.KrupanUikey,Dr.AjayJadhav,Dr.NageshParihar,DR.VikasTajane,Rohit ~ Metefor  dedicated

support in my research study and enabled this research to be possible

I must also thanks to Tanveer Xerox for giving me Hard bind thesis within time for ready to

Submission

Finally, I must express my very profound gratitude to my parents Shri. SunilraoWankhade
my father and most lavish, liberal lovingly my mother Mrs.SuvarnaS.Wankhade for providing me with
unfailing support and continuous encouragement throughout my study and through the process of
researching and writing this thesis. This accomplishment would not have been possible without them.
Thank you.

I am also thankful to all my well wishers who helped me directly or indirectly to make this
study a most memorable one. Lastly, | bow my head to the almighty god who has given me the

optimistic view and subconscious support during the entire life till today.

Remembering your helps from all of you through lifetime.....

Date:

Place: Nagpur (WANKHADE TEJAS SUNIL)



TABLE OF CONTENTS

Sr.No. | CHAPTER PAGE NO.

| INTRODUCTION 1-3

Il | REVIEW OF LITERATURE 4-12
Il | MATERIALS AND METHODS 13-23
IV | RESULTS AND DISCUSSION 24-35
V | SUMMARY AND CONCLUSIONS 36-42

A) | BIBLIOGRAPHY i-viii
B) |VITA ix

C) | THESIS ABSTRACT X-Xi
D) |YEq qGH Xii-Xiv

Vi




LIST OF TABLES

Table . Page
No. Title No.
31 Sorting different types of cattle breeds which 1000 15
' photograph taken
3.2 No. of different Animal comes under different BCS 16

vii




LIST OF PLATES

Plate. No. Particulars pA;;ig
41 Pictu_re_:s of (rear) cattles having different types of body 35
condition score
4.9 Pictures of_ gattles (Lateral) having different types of 35
body condition score
43 Pictures of_ _cattles (Lateral) having different types of 35
body condition score
4.4 Photograph of cow (Lateral) with BCS 1.00 35
4.5 Photograph of cow (Rear) with BCS 1.00 35
4.6 Photograph of cow (Rear) with BCS 1.00 35
4.7 Photograph of cow (Lateral) with BCS 1.00 35
4.8 Photograph of cow (Rear) with BCS 1.00 35
4.9 Photograph of cow (Rear) with BCS 2.00 35
4.10 Photograph of cow (Lateral) with BCS 2.00 35
411 Photograph of cow (Lateral) with BCS 2.00 35
4.12 Photograph of cow (Rear) with BCS 2.00 35
4.13 Photograph of cow (Lateral) with BCS 2.00 35
4.14 Photograph of cow (Rear) with BCS 2.00 35
4.15 Photograph of cow (Lateral) with BCS 2.75 35
4.16 Photograph of cow (Rear) with BCS 2.75 35
4.17 Photograph of cow (Lateral) with BCS 2.75 35
4.18 Photograph of cow (Rear) with BCS 2.75 35
4.19 Photograph of cow (Lateral) with BCS 3.00 35
4.20 Photograph of cow (Rear) with BCS 3.00 35

viii




4.21 Photograph of cow (Lateral) with BCS 3.00 35
4.22 Photograph of cow (Rear) with BCS 3.00 35
4.23 Photograph of cow (Lateral) with BCS 3.00 35
4.24 Photograph of cow (Rear) with BCS 3.00 35
4.25 Photograph of cow (Lateral) with BCS 3.00 35
4.26 Photograph of cow (Rear) with BCS 3.00 35
4.27 Photograph of cow (Rear) with BCS 3.00 35
4.28 Photograph of cow (Rear) with BCS 3.00 35
4.29 Photograph of cow (Lateral) with BCS 3.50 35
4.30 Photograph of cow (Rear) with BCS 3.50 35
4.31 Photograph of cow (Lateral) with BCS 4.00 35
4.32 Photograph of cow (Rear) with BCS 4.00 35
4.33 Photograph of cow (Lateral) with BCS 4.00 35
4.34 Photograph of cow (Rear) with BCS 4.00 35
4.35 Photograph of cow (Lateral) with BCS 4.25 35
4.36 Photograph of cow (Rear) with BCS 4.25 35
4.37 Photograph of cow (Lateral) with BCS 5.00 35
4.38 Photograph of cow (Rear) with BCS 5.00 35
4.39 Photograph of cow (Lateral) with BCS 5.00 35
4.40 Photograph of cow (Rear) with BCS 5.00 35




LIST OF ABBREVIATIONS

ABBREVIATIONS FULL FORM
/ Per
et al. et alii /alia, And others
No. Number
Sr. No. Serial Number
Al Artificial Intelligence
viz. Videlicet
BCS Body Condition Score
BCS + Body Condition Score plus
BCS - Body Condition Score minus



INTRODUCTION

The dairy animals maintained by various dairy producers are either too fat
or too thin at various stages of lactation. It is essential to determine body condition
of each dairy cows at different stages of lactation for taking timely action. Failure
in taking timely action may result in bad effect on health of cows and ultimately

increased loss of milk production and decreased fertility.

Body condition score (BCS) is an important technique to evaluate body fat
stores and estimate cumulative energy balance through visual or tactile inspection
of dairy cow. It reflects the body fat reserves carried by the animal which can be
used by the cow when she is unable to eat enough to satisfy her energy needs. This
condition may arise during early lactation in high producing cows and when cows
get sick, fed poor quality feeds, or feed intake is restricted. After a period of weight
loss, cows should be fed more than their requirements to restore normal body
condition. Due to its simplicity and repeatability BCS is considered as an

important factor for management of dairy cattle.

By looking and handling of the backbone, loin and rump areas of Cows body
condition score should be determined. The pin bone, hip bone, top of the backbone
and ends of the short ribs do not have muscle tissue covering, hence, any covering on
these areas felt is the combination of skin and fat deposits. Cows should be scored
regularly in each stage of lactation to evaluate the fat reserves in the body. The
analysis of health problems, feed intake, and optimal time interval between calving
and first service of cattle is evaluated by BCS. For cattle, sheep and goats, the scoring
systems most commonly used for BCS numerical scales with 5-point, 6-point, 8-point
or 10-point scales.

The body condition score of dairy cows is normally a number in a scale that
spans from 1 to 5 (0.25 increments) or from 1 to 9 (1 increment). Generally, the dairy

management experts describe thin animals with lower body scores (1 represents



emaciated cows) and fat animals with higher scores (5 represents obese cows) in 5-
point system. An ideal body condition scores of cow at dry off and calving is 3.0-4.0
and at peak lactation is 2.5-3.5. The change in body condition score of cows during
any lactation period should not be more than 1 condition score class.

Most of the existing methods for measuring Body Condition Scores of dairy
cows have been based on a subjective assessment of tissue reserves of lactating dairy
cows. Body condition scoring is best described by Schroder and Staufenbiel (2006) as
a “subjective estimate of the metabolizable energy reserves in the adipose tissue”.
The method of scoring the body condition is a scale using visual or tactile evaluation
of body shape of a cow to categorize the amount of adipose tissue and the body
condition is divided into categories represented by numbers. For dairy cattle, the most
used scales have 5, 8 or 10 points (Roche et al., 2004) but the unit increments may
vary and therefore, number of scores is quite similar. Some scales score the body as a
whole unit while others only score certain body locations, these are scored separately
and then integrated to an absolute score (Wildman et al., 1982; Ferguson et al., 1994;
Roche et al., 2004). Combinations of both methods exist as well (Edmonson et al.,
1989; Gillund et al., 1999). For instance, some of the most cited scales are described
by Wildman et al. (1982), Edmonson et al. (1989) and Ferguson et al. (1994) and
have certain common characteristics; the scales are 1 to 5 point scales with 0.25 units
of increment. With such a scoring system the cow can receive 17 different scores.
Usually, low numbers represent thin animals and high numbers represent obese

animals (Bewely and Schutz, 2008).

Among the many attempts for estimating body condition scores automatically,
the first attempt by Coffey et al. (2003) tested using line patterns painted with laser
light over the tail head area of the cows. Some attempts apply digital images or some
system used videos and an analysis of the cow’s contour and shape that commonly
involved. Roii et al. (2016) have taken 3D images from the above view of the cow
acquisition of data automatically. Halachmi et al. (2008) have also taken thermal

images and they made decision that fatter cow’s shape is rounder.



A computer program Mat lab 2015 was used for preprocessing of cows’ back
view images to extract the computationally manageable representation of the anatomy
of the back shape of cows. Twenty five anatomical points are identified and they are
important for representation of the shape. Three points of body of cow are used for
measuring angles according to law of cosine method. In all five angles including two
angles around the left and right hooks; two angles around the tail head depression

area and one angle at the peak of the tail head are computed.

BCS is necessary to judge animal’s production & reproduction status; to fine
tune herd nutrition and health management and to take corrective measures to
improve animal’s performance. As a matter of importance of the BCS in relevance to
the farmers, it can be stated that by accurate estimation of BCS of animal the farmers
may take corrective steps for improvement of health and performance of the animal
through various management practices. In view of this, the aim of the proposed
research is to develop a system that models the body shape of a cow from the back
and lateral view images and then assesses the BCS with observed angle features in
score estimation. The farmers may take help of these angle features to decide the
score of the animal on his mobile phone via developed mobile application. The

research work is undertaken with the following objectives.

11. OBJECTIVES

1. To develop Al based decision support system for estimating body condition
score in Cows.
2. To suggest corrective measure to farmers through mobile based BCS

application.



REVIEW OF LITERATURE

Wayne Kellogg (1914) stated that by using body condition scores can allow
the dairy producer to more accurately achieve adjustments in the nutritional status of
the herd.

Reid and Robb (1971) studied fat is the most variable component in the body
of lactating dairy cows (as well as the most important energy store.) The amount of
fat in the body is similar in first and second lactation but higher in third and higher
lactation

Wildman et al. (1982) stated that body condition score (BCS) refers to the
relative amount of subcutaneous body fat or energy reserve in cows regardless of

body weight and frame size.

Edmonson et al. (1989) stated that the overall score was most closely related
to the condition scores of the pelvic and tailhead areas of the cow and BCS chart is an

effective field tool for body condition scoring Holstein cows.

Otto et al. (1991) stated relationship between BCS and protein content in the
body seems to be diverse depending on body condition; for lower BCS there is a wide
range in the percentage of body protein between individuals while for higher BCS the
percentage of body protein seems to be similar between individuals. The relationship

between BCS and amount of total body protein is however negative.

Shirley (1993) reveled that the body condition scoring provides a tool to help
the dairy herd manager evaluate his/her nutrition and management program. It takes
time, has an associated cost, and will result in a positive economic return if one
makes management changes suggested by the results. Body condition scoring done
simultaneously with other herd events reduces the time required and provides the

herd manager with coordinated information.



Andrew et al. (1994) stated that the variation in water content in the body is

greater for pre partum and early lactation cows than for late lactation.

Ferguson et al. (1994) stated that BCS using a 5-point scale system with
0.25-point increments, ranging from 1 representing emaciated cows, to 5 representing

obese cows.

Ferguson (1996) found that the BCS system of monitoring herds by assessing

extremes fairly simple and easy to implement for herds of all sizes.

Markusfeld et al. (1997) conclude that the body condition score at calving
can have a direct effect on the health, milk yield and fertility of cows. It shows the
cumulative effects of the dry period, the body condition score at drying off and the

loss of body condition during the dry period.

Gregory et al. (1998) showed that there was a curvilinear (quadratic)
relationship between condition score and body fatness in addition to measuring

dewlap thickness can be used to assess body fat reserves.

Apple . (1999) found that marketing cull beef cows at a BCS of 6 could
optimize economic returns to both cow-calf producers and non-fed beef packers.

Koenen et al. (2001) found that some breed differences regarding negative
energy balance have been noted, some breeds like Friesian seem to recover from it at

a much faster rate than for Jersey or Ayrshire.

Broring et al. (2002) said that the visual assessment could be improved by
more specific scoring, although for research purposes visual assessment would still be

inadequate in measuring condition relative to ultrasonic measurements.

Coffey et al.(2003) found that breeding values for energy balance can be
calculated from single observations of BCS and linear type traits, data that can

routinely be collected in national conformation assessment schemes.



Pauline et al. (2003) drawn two main conclusions. First, most N’Dama
heifers are scored above 2.5 points. Their subsequent reproductive performances are
probably not limited by body condition. On the con trary, multiparous cows, that
have higher nutritional requirements, are subjected to a decrease in body fat and

mineral reserves during their reproductive life.

Roche, et al.(2004) said that scoring body condition and assessing changes in
the body condition of dairy cattle have become strategic tools in both farm

management and research.

Schroder et al.(2006) found that the BCS and BFT (back fat thickness) are
comparable, ultrasound measurements also may be used to train herd personnel in

BCS to increase its precision.

Berry et al. (2007) said that the significant and sometimes curvilinear
association between BCS at calving or nadir and milk production. Cows that lost
more condition in early lactation produced more milk of greater fat and protein
concentration, although a negative marginal effect was observed in cows that lost
large amounts of condition post-calving. Milk yield increased with live wt. with the
marginal effect decreasing as cows got heavier. Milk composition in early lactation
also increased with live wt. pre-calving, calving and nadir, although live weight. did

not significantly affect average lactation milk fat and protein concentration.

José Carlos et al. 2007) conclude that when the objective is to use artificial
insemination in cows suckling their calves, the cows should present a BCS of at least
3 at one-month postpartum, and with sufficient feed to allow them to increasing their
body weight during the breeding period while, suckling cows maintaining BCS 3
throughout the breeding period, the expected pregnancy rate should be around 50%.

Rasby, et al. (2007) described by using body condition scoring as a
management tool can increase the profit potential of the cow/calf enterprise, a tool

that may help you or your customer do a better job of producing beef



Bewley and Schuntz (2008) stated that genetics also influence energy
balance, thus cows selected for a higher milk yield mobilize the reserves in their

adipose tissue faster.

Jilek et al. (2008) conclude that the higher BCS before calv- ing was
associated with higher BCS after calving and those cows showed the shortest calving

to first service interval.

Roche et al. (2009) found that Cows that calve in greater BCS will have a
reduced dry matter intake, will produce less milk, and are more likely to succumb to

per parturient metabolic disorders.

Yan et al. (2009) revealed that composition of the dairy cow body is in
constant change because of the adaptations to lactation and pregnancy. Variation in
body water content is positively correlated to lactation stage as well as milk yield,

and their relationship is linear.

Anglart (2010) studied that the 3D imaging technique show even small
changes in body weight, BCS or eating behavior (rumen fill degree) it can be a

powerful tool monitoring health, fertility and welfare on large dairy farms.

Sebastiano et al. (2010) conclude that BCS estimation systems are desired to
cut down time and costs of the traditional BCS estimation techniques in the context

of dairy cattle research.

Azzaro et al. (2011) confirmed that the body condition score estimation
systems that work fully automatically (with no user intervention) or at least semi
automatically (with minimal user intervention) are desired in order to cut down time

and costs of the traditional BCS estimation techniques .

Glenn Selk (2013) said that Cows should have a body condition score of 5 to

6, and first calf heifers should have a body condition score of 6 at calving time. It is



very expensive and very difficult to regain body condition after calving and still

achieve an acceptable rebreeding percentage.

Bercovich et al. (2013) noticed that BCS estimation is a time-consuming
process measured manually by trained evaluators. The subjectivity in the judgment of
evaluators can lead to different scores for the same cow under consideration, and

could be influenced by previously observed cows.

Halachmi et al. (2013) stated that the model based on thermal camera and
image processing algorithms, intended for evaluation of dairy cow body condition

score was designed and implemented.

Ohnstad (2013) said that body condition scoring represents a proactive

approach in planning for good health, fertility and milking performance.

Shelley (2016) stated that the increase in advances in technology availability
at a accessible cost, automation, and digitalization of livestock farming tasks offer
multiple opportunities. In this context, different studies have particularly focused on

BCS automation.

Barbara et al. (2016) revealed that the body condition on the dry-off day and
at calving, as well as its deterioration in the first month of lactation, have a
considerable effect on fertility indices in dairy cows, thus confirming the advisability
of its regular monitoring during routine operations connected with the management of

a dairy cattle herd.

Lukuyu et al. (2016) Predicted live weight of over 95 % of crossbred dairy
cattle in the range of about 100-450 kg in regardless of age and breed group, using
heart girth measurements, which was a great improvement on visual estimation for
BCS.



Roii, et al.(2016) estimated that body condition scoring (BCS) is a farm-
management tool for estimating dairy cows’ energy reserves by using using a low-

cost 3-dimensional Kinect camera.

Mishra et al. (2016) stated that the body condition scoring (BCS) provides
non-invasive, quick and inexpensive method of estimating of dairy cow energy
reserves while,the changes in BCS occurs according to the different stages of cow,

i.e., during dry period, gestation, calving, early, mid and late lactation.

Juan et al. (2017) said that the BCS assessment look promising as a tool for
supporting cattle decision-making, in a context where information and
communication technology (ICT) is becoming more efficient, productive, and
cheaper. Acceptable accuracy within the range of human error has been reported,
with room for improvement as more effective computing processing methods became

available.

Nay et al. (2017) studied on automatic assessing Body Condition Score from
digital Images by active shape model and multiple regression technique in cows. The
BCS of the cows are estimated using the 5 point scale. Experimental results showed
that this method is effective in assessing the BCS of the cow as the predicted scores
are closed to the actual scores. Moreover, an experiment also hold the same
impression with the assumption of the rounder shape have the higher scores. In the
future, a more robust method for extraction of shape and a dataset of back view cow

images useful for cattle management will be addressed.

Wangchuk et al. (2017) found that Schaeffer’s formula provides good
estimate of body weight followed by weigh tape. Agarwal’s formula and Rondo tape
over- estimate the body weight; therefore, these techniques are not recommended and

their use should be discontinued



AshAq et al. (2018) said that body condition scoring provides a yardstick for
determin- ing the condition of cow without aid of any high technology and
investment and It gives an instant evaluation of the body state of the animal and is
readily incorporated in operational decision making.

Juan Alvarez et al. (2018) stated that it is important to consider that when
the BCS system starts to work in a farm, a huge number of images and body

condition values will be periodically generated.

Patel et al. (2018) observed that BCS subsequently related to the production
and fertility status of an animal. Thus, BCS may be used as a tool to aid in the
management of nutritional and production programs in dairy herds. However,
additional long term studies are required with more number of animals observing the

impact of BCS to test the marginal condition effect.

Bell et al. (2018) evaluated that the digital BCS can provide a more accurate
assessment of cow body fat than manual BCS observations, with the added benefit of
more automated and frequent monitoring potentially improving the welfare and
sustainability of high production systems.

Thi et al. (2018) reveled that an analytic geometry method combining with
image processing techniques for automatic evaluation of dairy cow body condition
scoring was developed. Introducing a new type of analytic geometric image feature,
the authors were able to estimate the BCS of dairy cow with high accuracy.

Song et al. (2018) conclude that the sensitivity of automated BCS
classification has been improved by expanding the selection of body condition related

features extracted from multiple body regions.

Wissal et al. (2019) conclude that BCS has clear effects around calving and
early lactation where energy intake exceeds energy needs which leads to Negative

energy balance.
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Sun et al. 2019) found that automatic monitoring system for estimating BCS
could help production decision-makers reduce negative energy balance in early
lactation through the accurate observation of individuals experiencing rapid declines
in body condition.

Sarah et al. (2019) suggested that the beef heifers with body condition
score=6 and reproductive tract score >4 are more likely to become pregnant to
artificial insemination. Careful assessment should be undertaken when developing
replacement heifers that will not reach 12months of age by the beginning of the

breeding season.

Mullins et al. (2019) stated that BCS technology has the potential to serve as
a reliable source of BCS scores, which can be incorporated into management
practices.Automated BCS technology will allow producers to get mor eaccurate and
efficient BCS evaluationson a herd level compared to the more subjective, labor

intensive, and error prone manual scoring.

Azafack et al. (2019) showed that the ovaries of local zebu cows raised in
Cameroon were a good and nonexpensive source of oocyte for IVEP (in vitro embryo
Production) .The females oocyte donors with BCS of 3could be the best choice to
improve IVEP and selected cows should be well fed to preserve oocyte yield and

quality.

Abhishek et al.(2020) conclude that automated BCS assessment can be used
as a tool for supporting cattle decision-making, in a context where ICT technology is
becoming more efficient, productive and cheaper.

Thi et al. (2020) reveled that BCS is a frequent topic of research and most

important tools for evaluating nutritional status.

11



The net/web search did not review development of any mobile application on
estimation of body condition score by using artificial intelligence & hence, no review

citied.
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MATERIAL AND METHODS

The present research work entitled “DEVELOPMENT OF DECISION
SUPPORT SYSTEM FOR BODY CONDITION SCORE (BCS) IN COWS
THROUGH ARTIFICIAL INTELLIGENCE (Al) was carried out during the
period of December 2019 to May 2020 this experiment was conducted in Nagpur
Region nearbyvillages, and District Nagpur.

3.1 Climatic Condition

NAGPUR is located in subtropical region at 21°08'46” N latitude and
79°05'05” E longitudes at an altitude of Elevation above sea level: 319 m = 1046 ft.
above mean level of sea, having extreme climatic condition with minimum
temperature in winter season 10-12 degree Celsius, Winter lasts from November to
February and maximum temperature in summer 44-47 degree Celsius, lasting from

March to June, with May being the hottest month

3.2 Sources of Animals

The Study was conducted on the field, at different Gaushalas and Government
and well organized private cattle farms. The photographs of 1000 animals was clicked
by the camera of the mobile phone. The photograph of each animal was clicked as 1)
Rear View and 2) Lateral View. In all 2000 Photographs of 1000 animals was taken
during the study.

The photographs was processed on computer by a computerized program viz;

Image Analysis & Machine Learning Technique.
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3.3 Selection of Animals

Data on 1000 cows was generated from different organized farms, NGOs,
Gaushalas for completing the need of 1000 cows, by which 2000 photographs was

clicked.
All the data of the selected cow was saved for developing of software.

All the corrective measures was given to the farmer after the evaluations of the
BCS for improving the quality of the herd and for increasing the economic wealth of

the farmer.
The mobile application may be introduced to the farmers by the farm guider.

3.4 Experimental Procedure

3.4.1Execution of the Experiment

The cows from different cattle farms at different places was selected and then
the photograph of each selected cows was clicked about 2 meter from cow in two views
i.e. rear and lateral view of animal, by mobile phone camera of 16 mega pixel. While
clicking the photographs care was taken that the angle of the rear and lateral view

should be perfect.
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Table 3.1: Sorting of 1000different types of cattle breeds of which photograph taken

Sr.no Breeds No.of animals
1 Gir Not Specified
2 Kankrej Not Specified
3 Jersey Not Specified
4 HF Not Specified
5 Sahiwal Not Specified
6 Gaolao Not Specified
7 Non descript Not Specified

3.5.2 Developing of mobile application

The mobile application was developed by computerized technology in the

Department of Electronics and Communication, Indian Institute of Information

Technology (I11T), Nagpur by the Image Analysis Technique after processing of the

photographs. The developed mobile application may be installed in the mobile phone of

the farmers and they may judge the cows by comparing BCS by their own for better

improvement of performance of their cows which will be beneficial to farmers.

The process of development of mobile application by Image Analysis

Technigue was as given below;

DATA
FORMATION
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EXTRACTION

|:> TRAINING
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BCS Between 1 -2

Table 3.2 Number of Animals comes under Different BCS

Sr Sr No of Photograph
No Body condition Score
Lateral Rear View
View

1 3 3.1 2.00

2 51 51.1 1.00

3 171 171.1 1.50

4 172 172.1 2.00

BCS between 2.1 — 3

ST Sr No of Photograph -
No Body condition Score
Lateral View Rear View
1 1 1.1 3.00
2 14 14.1 2.75
3 17 17.1 2.50
4 21 21.1 2.25
5 24 24.1 3.00
6 30 30.1 3.00
7 45 45.1 3.00
8 73 73.1 2.75
9 75 75.1 2.75
10 76 76.1 2.75
11 78 78.1 2.50
12 81 81.1 3.00
13 82 82.1 2.25




14 85 85.1 2.75
15 89 89.1 2.75
16 110 110.1 2.50
17 112 112.1 2.50
18 124 124.1 2.50
19 125 125.1 2.25
20 127 127.1 2.50
21 132 132.1 2.75
22 138 138.1 3.00
23 149 149.1 3.00
24 151 151.1 2.75
25 165 165.1 2.75
26 166 166.1 2.50
27 168 168.1 2.75
28 173 173.1 2.50
BCS Between 3.1 -4
42 145 145.1 3.50
43 152 152.1 3.25
44 154 154.1 3.75
45 156 156.1 4.00
46 157 157.1 3.50
47 160 160.1 3.50
48 161 161.1 3.25
49 163 163.1 3.50
50 167 167.1 3.25
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BCS Between 4.1 -5

Sr No of Photograph
SrNo | Lateral View Rear View Body condition Score
1. 4 4.1 4.50
2. 5 5.1 4.50
3. 8 8.1 4,75
4, 10 10.1 4.25
5. 13 13.1 4.50
6. 15 15.1 4.25
1. 16 16.1 4.50
8. 23 23.1 4.25
9. 25 25.1 4.25
10. 26 26.1 5.00
11. 27 27.1 4.25
12. 28 28.1 5.00
13. 29 29.1 4.50
14. 32 32.1 4.25
15. 33 33.1 5.00
16. 34 34.1 5.00
17. 35 35.1 4.25
18. 37 37.1 4.25
19. 38 38.1 4.25
20. 41 411 4.25
21. 47 47.1 4.50
22. 48 48.1 4.50
23. 49 49.1 4.25
24. 50 50.1 4.50
25. 52 52.1 5.00
26. 53 53.1 4.50
27. 54 54.1 4.75
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28. 55 55.1 4.50
29. 56 56.1 4.50
30. 58 58.1 5.00
31. 59 59.1 4.50
32. 60 60.1 5.00
33. 61 61.1 5.00
34. 62 62.1 5.00
35. 63 63.1 4.50
36. 64 64.1 5.00
37. 65 65.1 5.00
38. 66 66.1 5.00
39. 67 67.1 5.00
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Sr Sr No of Photograph
No Body condition Score
Lateral View Rear View

40 67 67.1 5.00
41 68 68.1 5.00
42 69 69.1 4.50
43 70 70.1 5.00
44 71 71.1 5.00
45 74 74.1 4.50
46 80 80.1 5.00
47 83 83.1 5.00
48 84 84.1 4.25
49 86 86.1 4.75
50 90 90.1 4.75
51 91 91.1 4.75
52 92 92.1 5.00
53 93 93.1 4.25
54 94 94.1 4.75
55 95 95.1 4.25
56 96 96.1 4.50
57 97 97.1 4.75
58 98 98.1 4.25
59 99 99.1 4.50
60 100 100.1 4.25
61 103 103.1 4.50
62 104 104.1 4.75
63 105 105.1 4.50
64 106 106.1 4.50
65 108 108.1 4.50
66 113 113.1 4.75
67 115 115.1 4.50
68 118 118.1 4.25
69 119 119.1 5.00
70 126 126.1 4.75
71 129 129.1 4.25
72 130 130.1 4.75
73 131 131.1 4.25
74 134 134.1 4.25
75 136 136.1 4.75
76 140 140.1 4.50
77 141 141.1 4.25
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78 142 142.1 4.75
79 143 143.1 4.25
80 146 146.1 4.50
81 147 147.1 4.50
82 148 148.1 4.25
83 150 150.1 5.00
84 153 153.1 4.75
85 155 155.1 4.75
86 158 158.1 4.50
87 159 159.1 4.25
88 162 162.1 4.75
89 164 164.1 4.25
90 169 169.1 5.00
91 170 170.1 4.75
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RESULTS AND DISCUSSION

It is proved by research that the body condition has relevance with the overall
performance of cow and hence, Body Condition Scoring (BCS) is an important tool
in dairy herd management. The two body parts of cow viz; the tail head and loin are
the major areas to evaluate the body condition. The BCS is very helpful in analyzing
health problems, feed intake, and optimal time interval between calving and first
service of cow. The different body condition scores may be targeted during the
different stages of lactation on regular basis which help in improvement of dairy herd

nutrition, health, and production.

As a matter of importance of the BCS in relevance to the farmers, it can be
stated that by accurate estimation of BCS of animal, the farmers may take corrective
steps for improvement of health and performance of the animal through various
management practices. In view of this, the research entitled “Development of
Decision Support System for Body Condition Score (BCS) in Cows through Artificial
Intelligence (Al)” was carried out to develop a system that models the body shape of
a cow from the back and lateral view images and then assesses the BCS with
observed angle features in score estimation. The farmers may take help of these angle
features to decide the score of the animal on his mobile phone via developed mobile
application (BCS App).

The objectives of the research work were to develop Al based decision
support system for estimating body condition score in cows and to suggest corrective

measures to farmers through mobile based BCS application (BCS App).

The data was generated after clicking 2000 photographs of 1000 cows (1000
ventral view + 1000 rear view) from different organized farms and NGOs’ Goshalas
and the mobile application was developed by computerized technology by the Image
Analysis Technique after processing of the photographs. The farmers may installed
the developed mobile application (BCS App) in mobile phone; capture the
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photograph of cow and decide body condition score (BCS) by App and implement the
corrective measures according to score of cow as suggested in App for better

improvement of performance of the cow.

The results and discussion on the observations obtained during the present

research work is given below.
4.1  Body Condition Score 1.00
In all 100 cows recorded body condition score 1.00 to 1.75.

It is noticed that the cows were very weak and emaciated with very poor body
condition. The condition of the tail head, pelvis, hook and pin bones, thurl region and
anal area from the rear view was evaluated. There was deep cavity under tail and
around tail head; the skin over pelvis was drawn tight without any detectable tissue;
the thurl region and the thighs found sunken and in-curving; the anal area has receded

and the vulva appears prominent.

By observation of lateral view of cows, it is found that the ends of the short
ribs were sharp and gave a prominent shelf-like appearance to the loin. No fatty tissue
felt at loin.The individual vertebrae (spinous processes) of the backbone were
prominent. The hook bones were angular in shape; hooks, pins were found very

prominent and edges felt sharp.
4.2  Body Condition Score 2.00
In all 150 cows recorded body condition score 2.00 to 2.75.

It is seen that the cows between 2.00 to 2.75 body condition score were thin
with poor body conformation. The rear view of the cows revealed less prominent
cavity around the tail head in comparison to the cows those recorded body condition
score less than 2.00. The skin over pelvis was flexible but the fatty tissue between

skin and pelvis was not felt. The hook bones were found angular and both hook and
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pin bones were prominent. The depression of the thurl region between hooks and pin
bones was less severe. The area around the anus was less sunken and the vulva less

prominent.

By observing lateral view of cows it is seen that the ends of the short ribs
were sharp and felt to the touch however the ribs and the individual vertebrae were
visibly less prominent. It is found that the short ribs did not form an overhang or shelf
effect to the loin as found in cows scoring BCS less than 2.00. The hook bones were
angular and easily distinguished by touch. The cows with BCS 2.00 showed thin,
saw-tooth spine and the ribs were visible % of the distance to the spine. The cows
with 2.25 BCS showed the ribs visible %2 to the spine and no fat pad on pins. The
cows with BCS 2.50 showed the angular pins with fat pad on it where as the cows
with 2.75 BCS showed visibly padded pins.

4.3 Body Condition Score 3.00
In all 250 cows recorded body condition score 3.00 to 3.75.

The health status of these cows was good with average body condition. By
observation of rear view it is noticed that the cows showed slight cavity at tail head
lined with apparent fatty tissue and the area between pins has smoothed out. It is also

seen that the anal area was filled out but there was no evidence of fat deposit.

By observation of lateral view it is seen that with moderate pressure the ends
of the short ribs felt to the fingers, however, there was no overhanging shelf-like
appearance of these bones. It is also noticed that there was slight depression visible in
loin area. The hook and pin bones were felt to touch but have some covering of flesh

on them. The hook, pin and back appeared smooth, round and they lost the angularity.
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Apart from above mentioned observations, the cows with BCS 3.25 showed
sacral and tail head and both ligaments visible to the eyes. In cows with 3.50, the tail
head ligament was found partly covered in fat and it was barely visible, however, the
sacral was visible. The sacral was barely visible and tail head was not visible;

similarly sacral and tail head ligament was not seen in cows with BCS 3.75.
4.4  Body Condition Score 4.00
In all 250 cows recorded body condition score 4.00 to 4.75.

The health status of the cows with BCS 4.00 was Fatty with heavy body
condition. By observation of rear view of the cows it is found that there was no
depression between pins and tail head because of patches of fat under the skin. The
pelvis of the cows felt only with application of firm pressure. The back and area
between hooks and pins was found flat. The sacral and tail head; similarly sacral and
tail ligaments were not visible. The thurl was noticed flat and tail head was invisible,
the area between hooks and pins were found to be filled with fat and the tips of the

short ribs were slightly seen.

By observation of lateral view of cows it is seen that the individual short ribs
felt only when firm pressure applied. No shelf effect was found as the short ribs were
rounded over. The depression in loin between backbone and hip bones was not
visible. The hook bones were found to be round and smoothed over and the span
between the hook bones over the backbone was flat. The patches of fat deposit were
seen in area around the pin bones. The ridge of the backbone was flattened over the

loin and rump areas and rounded over the chine.

The cows with BCS 4.25 showed flat thurl, short ribs barely visible and area
between hooks and pins barely visible. The cows with BCS 4.50 showed flat
thurl and area between hooks and pins filled with fat; however, pins and tips of short

ribs were invisible. It is seen that the cows with BCS 4.75 showed the area between
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hooks and pins filled with fat where as pins and hooks and tips of short ribs were

invisible.
4.5  Body Condition Score 5.00
In all 250 cows recorded body condition score 5.0

The health status of cows with BCS 5.00 was grossly fat. By observation of
rear view of the cows it is noticed that the tail head was buried in fatty tissue and the
fat deposited around the tailbone and over the ribs. The area between pins and
tailoone was round and skin distended. The thighs of the cows were curve out, the

brisket and flanks were heavy and the chins were round.

By observation of the lateral view of the cows it is found that even with firm
pressure, no part of pelvis and bony structure felt. It was observed that there were
folds of fatty tissue over short ribs. The bony structure of the top line, hook and pin
bones and the short ribs was not visible. All bony prominences well rounded & fat

covered no bones visible. The hooks, pins, and backbone almost disappeared.
4.6  Body Condition Score of Cow required for optimum performance

As per the investigation by Sniffen and Ferguson, 1991 for optimum
performance, the recommended ideal body condition score for cows at different

stages of lactation is given below
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Stage of Lactation Ideal Score

Dry 3.5
Calving 35
Early Lactation 3.0
Mid Lactation 3.25
Late Lactation 3.5
Growing Heifers 3.0
Heifers at Calving 3.5

4.7 Indication of Body Condition Score

Cows with BCS 1.5 are too thin, unhealthy and not milk well or reproduce.
The health of cows with BCS 2.0 is all right but the cows are very thin, produce less
milk and poor in reproduction. Body condition score 2.5 is acceptable score and the
number of breeding cows should not exceed 10 % of the herd. Cow with BCS 3.0
seems healthy but she may not have sufficient body fat for high peak milk

production, if a cow calves at or less this BCS.

The cows with BCS 1+ and 3- are weak, very thin, under conditioned and
emaciated with very poor body constitution due to insufficient energy supply and
shortage of protein reserves in body. It is difficult to maintain production level and
hence, it results in lower production and low milk fat in such cows. The body weight
of cow is important; hence a cow did not show heat or conceive until she regains

body weight. Cows with BCS 1+ and 3- are not able to produce sufficient milk,
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shows late post-partum heat and 20 % less conception rate for first service as
compare to cows with good body condition. They are more prone to calving
problems. The calves born from thin, emaciated cows receive less amount low quality
immunoglobulin IGA and IGG in colostrums, hence, tend to have more illness. It is
very essential to increase body reserves (energy & protein) to maintain health and

production of cow, while feeding the cows with low score.

Thin, weak and emaciated heifers could not reach puberty at proper age as
they are unable to grow rapidly enough to attain required body weight. Age at
puberty may vary from 11 to 13 months to 18 to 24 months of age in exotic,
crossbred and indigenous heifers. The age at first calving of exotic, crossbred and
indigenous heifers may also be between 22 to 24 months to 30 to 36 months or they

are unable to carry enough weight to maintain a normal first lactation production.

Over conditioning or fatness (BCS > 4), may result from poor nutrition or
reproduction management. A fat cow is more susceptible to metabolic problems and
infections, and is more likely to have difficulty at and after calving. Over
conditioning usually begins during the last 3-4 months of lactation, when milk
production has decreased, but dietary energy and total nutrient levels have not been
reduced accordingly. Other common causes of over conditioning are prolonged dry
periods or overfeeding during the dry period. The fat heifers have been shown to be
difficult to breed, and if fat when they are near calving, have difficult calving and

produce less milk after calving.

The cows carrying excess condition before calving have a greater risk for low
feed

intake in the critical transition period around the time of calving. This can lead
to loss of body condition and deepen the negative energy balance cows experience
after calving. Reduced dry matter intake has obvious effects on milk production and
can contribute to ketosis, a displaced abomasums, or other metabolic and production

consequences of nutritional stress.
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4.8 Corrective measures for cows with BCS 1+ and 3- during various stages of
production

Feeding of low quality roughage to weak or very poor conditioned cows may
not supply enough energy or protein, hence, cows with BCS 1+ and 3- should be fed
main nutrients from supplements such as molasses, grain, urea or vegetable protein
meals. Low quality roughage should only be used as filler. Good quality hay like
lucerne, sorghum and oats has lots of highly digestible leaf and free from mould and

weeds.

Depending on the body condition and stage of production the amount of feed
to be required to cow should be decided and fed. Wean the calf as soon as possible.
Feed high quality forage with high energy content and reduce the quantity of straw in
ration. Grain feeding increases total energy intake and improves rate of gain of cows.
Gain of 90 kg of body weight of a cow may help to improve condition score from 2 to
3.

The fertility, productivity and overall health of cows affected adversely if they
are fed without estimating their body condition. Feeding of cows for body condition
helps to reduce health problems. As suggested by Sniffen and Ferguson, 1991, the
ideal score of 3.5 should be maintained at dry off and at calving of cows for optimum
performance. Due to various reason like underfeeding to lose excessive weight or
feeding of poor quality forages or restricted feeding of dry cow leads to mobilize
body fat and increase incidence of ketosis. It is important to fed balanced, palatable
and formulated diet to dry cows and in early lactation period. Energy density of ration
can be increased by increasing grain moderately in diet of cows well before calving
which will help to prevent body condition losses of cows. This practice of feeding

should be continued in early lactation period of cows.

Y2 months of

It’s OK to lose 2 to % condition score or less during 1 to 1
calving. Loss of 1 body condition score means loss of 50 kg and 70 kg body weight

respectively in mature cows and growing heifers. If cows lose 1 body condition score
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during early lactation, they will require 6 months to gain required body weight. Loss
of less than % or more than 1 body condition score of cows in early lactation is an
indication of ineffective feeding programme or management which did not allow
cows to produce maximum milk production though remains healthy. A loss of %2
body condition score in 1 to 1% months is normal and indicates proper, effective herd

management.

Body fat utilization by high-producing dairy cows during first 60 -90 days of
lactation prevents reduction in high milk production and weight loss even though
there is no enough feed consumption. The energy balance is related to loss or gain of
body condition of cow and it is the difference between intake of feed energy and
output in the form of milk. Mostly cows shows maximum negative energy balance
during 2-3 weeks and may reach positive energy balance by 2 months of calving.
Implementation of proper feeding programme manipulate body condition loss and
minimize duration of negative energy balance in high producing cows and this helps

to prevent excessive weight loss.

As soon as feed intake by early lactating cows reaches at maximum level, they
move out of negative energy balance and increased milk production and reproductive
performance. Addition of adequate fiber in the diet of cows improves feed intake and
ultimately performance of cows. Properly formulated diets always meet energy and
protein requirement of cows, essential for higher milk yield throughout lactation. The

high energy diets should come from high quality forages, grains or fats.

If body condition score of cows reduce rapidly below 3.0 to 2.5 during first

month of

lactation, it is necessary to examine feed intake, fiber content of forages,
dietary energy and protein and feeding strategy. If body condition score of cows
remain 3.0 to 3.5 during 1 to 4 months of lactation but produce less peak milk yield,
check for inadequate protein, macro minerals or water intake. During mid lactation of

cows slightly feed extra energy in diet to built- up body reserves. Low energy diet
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during mid lactation results in reducing body condition score (2.0 to 2.5) of cows so it
is also necessary to check early lactation diet for the cause. For recoup of body fat
reserves of cows during late lactation period (8 months to dry-off) feeding plan
should be formulated. Prevent over-conditioning of cows during this period and

maintain body condition score at 3.5.

4.9 Corrective measures for cows with BCS 3+ during various stages of
production

Fat can be felt on the backbone, short ribs and ligaments in cow having 3.5
BCS. This score is essential during dry off period and at the time of calving of a cow.
The fat filled in over the back of a cow having BCS 4.0, hence the back seems flat.
Such cows will eat less and have more loss of weight and more metabolic problems.
Cow with BCS 5.0 is extremely fat and she will have metabolic and breeding
problems. Body condition in excess of 3.5 to 3.75 during the dry period can lead to
increased incidences of fat cow syndrome and fatty livers at calving, compared with

condition gained during lactation.

British research indicates cows that are fat and overly fat at calving (condition
score 4 to 5) lose body condition, experience a longer delay between peak milk yield
and peak intake, prolonging negative energy balance. Body fat appears to inhibit feed
intake, so cows fat at calving cannot reach maximum feed intake until they lose some
of the excess conditioning. Cows may have a "target body condition” in early

lactation, which they try to reach if diets are properly formulated.

Reduction of energy intake, correction of crude protein level of ration is the
measure for over-conditioned cows (3.5 to 4+ score) during mid-lactation and late
lactation. This may happen due to decrease in milk production but grain intake
remains too high. Longer dry periods and extra feeding of grain or corn silage are

reasons for over-conditioning of cows.
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Do not put on diet; instead reduce the energy content of the diet of fat cows
during dry period in late lactation. Two weeks prior to calving cows with 3.75+ body
condition score are more prone to decreased feed intake, weight loss, fatty liver,
ketosis, calving and reproductive problems.

To maintain cows at calving at score 3+ to 4- separate feeding of low-energy
ration with adequate protein, minerals and vitamins is recommended. Cows having
body condition score 3 to 3+ during early and mid lactation, if did not produce ample
milk, then correct ration for inadequate protein, mineral or water. Cows with score
above 3+ during this period may over-condition, hence it is better to reduce energy
intake of cows. The drying period of cows generally coincide with late lactation and
the expected body score during this period is 3+ to 4- to replenish energy and fat

reserves to prepare cow for next lactation. Avoid over-condition of cows.

The body condition of heifers should be maintained at 3- to 3+ to avoid
greater fat infiltration in the mammary glands at puberty so that they will produce to
their full genetic potential at first calving. To maintain body condition of heifers in
recommended range, it is important to feed balance ration with adequate amount of

energy, protein, vitamins and minerals.

Tips for feeding cows

If body condition score is not proper, the performance of cows is affected. It is

better to check the feeding program of animals.

I. The feeding sequence, fiber level of ration, feeding frequency and ration
palatability along with dry-matter intake is important for feeding of cows
at different stages of production. The total dry-matter intake of cows

should account for at least 45 percent through forage.
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Check forage and grain for fineness of chop or grind, smell, acceptability
and pH level. Test rations for amounts of bypass and soluble protein and
for starch and fats. This is required for checking protein, energy, mineral

and vitamin levels of ingredients and for balance of rations.

The dry cows may get over-condition and more susceptible to health
problems if maintained only on large amounts of forage and grain are not
fed.

To maintain dry cows in proper condition, feed minimum of 1.0 kg of
hay-equivalent per 50 kg body weight. The dry-matter intake of dry cows
may be controlled to 2 % of body weight. This may be possible by feeding
complete ration of forages and grain between 85 and 88 percent forage dry

matter.

The milking cows may loss 50-70 kg body weight at the rate of 0.5-1.0 kg
per day during first 60-80 days after calving. This much loss of body
weight is normal, however, if the rate of weight loss rise to 1.25 — 1.75 kg
per day then may leads to metabolic disorders. Ensure the nutrient
requirement of milking cows during first 80-120 days after calving to gain
300 — 450 gm per day for replenishing body fat reserves and maintain

production and health.
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Plate 4.1. Pictures of (rear) cattles having different types of body condition score
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Plate 4.2. Pictures of cattles (Lateral) having different types of body condition
score



Plate 4.3. Pictures of cattles (Lateral) having different types of body condition
score



Plate 4.4. Photograph of cow (Lateral) with BCS 1.00

Plate 4.5. Photograph of cow (Rear) with BCS 1.00



Plate 4.6. Photograph of cow (Rear) with BCS 1.00
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Plate 4.7. Photograph of cow (Lateral) with BCS 1.00

Plate 4.8. Photograph of cow (Rear) with BCS 1.00
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Plate 4.9. Photograph of cow (Rear) with BCS 2.00

Plate 4.10. Photograph of cow (Lateral) with BCS 2.00



Plate 4.12. Photograph of cow (Rear) with BCS 2.00



Plate 4.13. Photograph of cow (Lateral) with BCS 2.00

Plate 4.14. Photograph of cow (Rear) with BCS 2.00



Plate 4.15. Photograph of cow (Lateral) with BCS 2.75

Plate 4.16 Photograph of cow (Rear) with BCS 2.75
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Plate 4.17. Photograph of cow (Lateral) with BCS 2.75
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Plate 4.18 Photograph of cow (Rear) with BCS 2.75




Plate 4.19. Photograph of cow (Lateral) with BCS 3.00
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Plate 4.20. Photograph of cow (Rear) with BCS 3.00
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Plate 4.21. Photograph of cow (Lateral) with BCS 3.00

Plate 4.22. Photograph of cow (Rear) with BCS 3.00






Plate 4.25. Photograph of cow (Lateral) with BCS 3.00

Plate 4.26. Photograph of cow (Rear) with BCS 3.00



Plate 4.27. Photograph of cow (Rear) with BCS 3.00

Plate 4.28. Photograph of cow (Rear) with BCS 3.00
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Plate 4.30. Photograph of cow (Rear) with BCS 3.50



Plate 4.31. Photograph of cow (Lateral) with BCS 4.00

Plate 4.32. Photograph of cow (Rear) with BCS 4.00



Plate 4.33. Photograph of cow (Lateral) with BCS 4.00

Plate 4.34. Photograph of cow (Rear) with BCS 4.00



Plate 4.35. Photograph of cow (Lateral) with BCS 4.25

Plate 4.36. Photograph of cow (Rear) with BCS 4.25
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Plate 4.37. Photograph of cow (Lateral) with BCS 5.00
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Plate 4.38. Photograph of cow (Rear) with BCS 5.00



Plate 4.40. Photograph of cow (Rear) with BCS 5.00



SUMMARY AND CONCLUSIONS

As a matter of importance of the BCS in relevance to the farmers, it can be
stated that by accurate estimation of BCS of animal, the farmers may take corrective
steps for improvement of health and performance of the animal through various
management practices. In view of this, the research entitled “Development of
Decision Support System for Body Condition Score (BCS) in Cows through Artificial
Intelligence (AI)” was carried out to develop a system that models the body shape of
a cow from the back and lateral view images and then assesses the BCS with
observed angle features in score estimation. The farmers may take help of these angle
features to decide the score of the animal on his mobile phone via developed mobile

application (BCS App).

In all 100. cows recorded 1.00 to 1.75 (1+ to 2-) body condition score. The
cows were very weak and emaciated with very poor body condition. There was deep
cavity under tail and around tail head; the skin over pelvis was drawn tight without
any detectable tissue; the thurl region and the thighs found sunken and in-curving; the
anal area has receded and the vulva appears prominent. The ends of the short ribs
were sharp and gave a prominent shelf-like appearance to the loin. No fatty tissue felt
at loin.The individual vertebrae (spinous processes) of the backbone were prominent.
The hook bones were angular in shape; hooks, pins were found very prominent and
edges felt sharp.

In all 150 cows recorded 2.00 to 2.75 body condition score. The rear view of
the cows revealed less prominent cavity around the tail head in comparison to the
cows those recorded body condition score less than 2.00. The skin over pelvis was
flexible but the fatty tissue between skin and pelvis was not felt. The hook bones
were found angular and both hook and pin bones were prominent. The depression of
the thurl region between hooks and pin bones was less severe. The area around the
anus was less sunken and the vulva less prominent. The ends of the short ribs were

sharp and felt to the touch however the ribs and the individual vertebrae were visibly
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less prominent. It is found that the short ribs did not form an overhang or shelf effect
to the loin as found in cows scoring BCS less than 2.00. The hook bones were
angular and easily distinguished by touch. The cows with BCS 2.00 showed thin,
saw-tooth spine and the ribs were visible % of the distance to the spine. The cows
with 2.25 BCS showed the ribs visible %2 to the spine and no fat pad on pins. The
cows with BCS 2.50 showed the angular pins with fat pad on it where as the cows
with 2.75 BCS showed visibly padded pins.

In all 250. cows recorded 3.00 to 3.75 body condition score. The health status
of these cows was good with average body condition. The cows showed slight cavity
at tail head lined with apparent fatty tissue and the area between pins has smoothed
out. The anal area was filled out but there was no evidence of fat deposit. There was
no overhanging shelf-like appearance of these bones. There was slight depression
visible in loin area. The hook and pin bones were felt to touch but have some
covering of flesh on them. The hook, pin and back appeared smooth, round and they
lost the angularity. The cows with BCS 3.25 showed sacral and tail head and both
ligaments visible to the eyes. In cows with 3.50, the tail head ligament was found
partly covered in fat and it was barely visible, however, the sacral was visible. The
sacral was barely visible and tail head was not visible; similarly sacral and tail head

ligament was not seen in cows with BCS 3.75.

In all 250 cows recorded 4.00 to 4.75 body condition score. The health status
of the cows with BCS 4.00 was fatty with heavy body condition. There was no
depression between pins and tail head because of patches of fat under the skin. The
pelvis of the cows felt only with application of firm pressure. The back and area
between hooks and pins was found flat. The sacral and tail head; similarly sacral and
tail ligaments were not visible. The thurl was noticed flat and tail head was invisible,
the area between hooks and pins were found to be filled with fat and the tips of the
short ribs were slightly seen. The individual short ribs felt only when firm pressure
applied. No shelf effect was found as the short ribs were rounded over. The

depression in loin between backbone and hip bones was not visible. The hook bones
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were found to be round and smoothed over and the span between the hook bones over
the backbone was flat. The patches of fat deposit were seen in area around the pin
bones. The ridge of the backbone was flattened over the loin and rump areas and
rounded over the chine. The cows with BCS 4.25 showed flat thurl, short ribs barely
visible and area between hooks and pins barely visible. The cows with BCS 4.50
showed flat thurl and area between hooks and pins filled with fat; however, pins and
tips of short ribs were invisible. It is seen that the cows with BCS 4.75 showed the
area between hooks and pins filled with fat where as pins and hooks and tips of short

ribs were invisible.

In all 250 cows recorded 5.0 body condition score. The health status of cows
with BCS 5.00 was grossly fat. The tail head was buried in fatty tissue and the fat
deposited around the tailbone and over the ribs. The area between pins and tailbone
was round and skin distended. The thighs of the cows were curve out, the brisket and
flanks were heavy and the chins were round. Even with firm pressure, no part of
pelvis and bony structure felt. There were folds of fatty tissue over short ribs. The
bony structure of the top line, hook and pin bones and the short ribs was not visible.
All bony prominences well rounded & fat covered no bones visible. The hooks, pins,

and backbone almost disappeared.

Cows with BCS 1.5 are too thin, unhealthy and not milk well or reproduce.
The health of cows with BCS 2.0 is all right but the cows are very thin, produce less
milk and poor in reproduction. Body condition score 2.5 is acceptable score and the
number of breeding cows should not exceed 10 % of the herd. Cow with BCS 3.0
seems healthy but she may not have sufficient body fat for high peak milk
production, if a cow calves at or less this BCS. The cows with BCS 1+ and 3- are
weak, very thin, under conditioned and emaciated with very poor body constitution
due to insufficient energy supply and shortage of protein reserves in body. The body
weight of cow is important; hence a cow did not show heat or conceive until she
regains body weight. It is very essential to increase body reserves (energy & protein)

to maintain health and production of cow, while feeding the cows with low score.
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Thin, weak and emaciated heifers could not reach puberty at proper age as
they are unable to grow rapidly enough to attain required body weight. The age at
first calving of exotic, crossbred and indigenous heifers may also be between 22 to 24
months to 30 to 36 months or they are unable to carry enough weight to maintain a

normal first lactation production.

Over conditioning or fatness (BCS > 4), may result from poor nutrition or
reproduction management. A fat cow is more susceptible to metabolic problems and
infections, and is more likely to have difficulty at and after calving. Over
conditioning usually begins during the last 3-4 months of lactation, when milk
production has decreased, but dietary energy and total nutrient levels have not been
reduced accordingly. Other common causes of over conditioning are prolonged dry
periods or overfeeding during the dry period. The fat heifers have been shown to be
difficult to breed, and if fat when they are near calving, have difficult calving and

produce less milk after calving.

The cows carrying excess condition before calving have a greater risk for low
feed

intake in the critical transition period around the time of calving. This can lead
to loss of body condition and deepen the negative energy balance cows experience
after calving. Reduced dry matter intake has obvious effects on milk production and
can contribute to ketosis, a displaced abomasums, or other metabolic and production

consequences of nutritional stress.

Feeding of low quality roughage to weak or very poor conditioned cows may
not supply enough energy or protein, hence, cows with BCS 1+ and 3- should be fed
main nutrients from supplements such as molasses, grain, urea or vegetable protein
meals. Low quality roughage should only be used as filler. Good quality hay like
lucerne, sorghum and oats has lots of highly digestible leaf and free from mould and
weeds. Feed high quality forage with high energy content and reduce the quantity of

straw in ration. Grain feeding increases total energy intake and improves rate of gain
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of cows. Gain of 90 kg of body weight of a cow may help to improve condition score
from 2 to 3.

A loss of ¥ body condition score in 1 to 1¥2 months is normal and indicates
proper, effective herd management. Loss of 1 body condition score means loss of 50
kg and 70 kg body weight respectively in mature cows and growing heifers. Loss of
less than %2 or more than 1 body condition score of cows in early lactation is an
indication of ineffective feeding programme or management which did not allow
cows to produce maximum milk production though remains healthy. Body fat
utilization by high-producing dairy cows during first 60 -90 days of lactation prevents
reduction in high milk production and weight loss even though there is no enough
feed consumption. Mostly cows shows maximum negative energy balance during 2-3
weeks and may reach positive energy balance by 2 months of calving.
Implementation of proper feeding programme manipulate body condition loss and
minimize duration of negative energy balance in high producing cows and this helps

to prevent excessive weight loss.

If body condition score of cows reduce rapidly below 3.0 to 2.5 during first

month of

lactation, it is necessary to examine feed intake, fiber content of forages,
dietary energy and protein and feeding strategy. If body condition score of cows
remain 3.0 to 3.5 during 1 to 4 months of lactation but produce less peak milk yield,
check for inadequate protein, macro minerals or water intake. During mid lactation of
cows slightly feed extra energy in diet to built-up body reserves. Low energy diet
during mid lactation results in reducing body condition score (2.0 to 2.5) of cows so it
is also necessary to check early lactation diet for the cause. For recoup of body fat
reserves of cows during late lactation period (8 months to dry-off) feeding plan
should be formulated. Prevent over-conditioning of cows during this period and

maintain body condition score at 3.5.
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Fat can be felt on the backbone, short ribs and ligaments in cow having 3.5
BCS. This score is essential during dry off period and at the time of calving of a cow.
The fat filled in over the back of a cow having BCS 4.0, hence the back seems flat.
Such cows will eat less and have more loss of weight and more metabolic problems.
Cow with BCS 5.0 is extremely fat and she will have metabolic and breeding
problems. Body condition in excess of 3.5 to 3.75 during the dry period can lead to
increased incidences of fat cow syndrome and fatty livers at calving, compared with

condition gained during lactation.

Reduction of energy intake, correction of crude protein level of ration is the
measure for over-conditioned cows (3.5 to 4+ score) during mid-lactation and late
lactation. This may happen due to decrease in milk production but grain intake
remains too high. Longer dry periods and extra feeding of grain or corn silage are
reasons for over-conditioning of cows. Do not put on diet; instead reduce the energy
content of the diet of fat cows during dry period in late lactation. Two weeks prior to
calving cows with 3.75+ body condition score are more prone to decreased feed

intake, weight loss, fatty liver, ketosis, calving and reproductive problems.

To maintain cows at calving at score 3+ to 4- separate feeding of low-energy
ration with adequate protein, minerals and vitamins is recommended. Cows having
body condition score 3 to 3+ during early and mid lactation, if did not produce ample
milk, then correct ration for inadequate protein, mineral or water. Cows with score
above 3+ during this period may over-condition, hence it is better to reduce energy
intake of cows. The drying period of cows generally coincide with late lactation and
the expected body score during this period is 3+ to 4- to replenish energy and fat

reserves to prepare cow for next lactation. Avoid over-condition of cows.

The body condition of heifers should be maintained at 3- to 3+ to avoid
greater fat infiltration in the mammary glands at puberty so that they will produce to

their full genetic potential at first calving. To maintain body condition of heifers in
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recommended range, it is important to feed balance ration with adequate amount of

energy, protein, vitamins and minerals.

Conclusion:

It is concluded from the present research work that the developed BCS App
will be useful to the dairy farmers and dairy farms to decide the body condition score
and to correct the body condition of the dairy cow by planning and executing the

feeding programme.
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develop a system that models the body shape of a cow from the back and lateral view

images and then assesses the BCS with observed angle features in score estimation. The
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farmers may take help of these angle features to decide the score of the animal on his

mobile phone via developed mobile application (BCS App).

The cows with BCS 1+ and 3- are weak, very thin, under conditioned and
emaciated with very poor body constitution due to insufficient energy supply and
shortage of protein reserves in body. It is very essential to increase body reserves (energy
& protein) to maintain health and production of cow, while feeding the cows with low
score. Thin, weak and emaciated heifers could not reach puberty at proper age as they are
unable to grow rapidly enough to attain required body weight.

A fat cow is more susceptible to metabolic problems and infections, and is more
likely to have difficulty at and after calving. Over conditioning usually begins during the
last 3-4 months of lactation, when milk production has decreased, but dietary energy and
total nutrient levels have not been reduced accordingly. The fat heifers have been shown
to be difficult to breed, and if fat when they are near calving, have difficult calving and
produce less milk after calving.

Feeding of low quality roughage to weak or very poor conditioned cows may not
supply enough energy or protein, hence, cows with BCS 1+ and 3- should be fed main
nutrients from supplements such as molasses, grain, urea or vegetable protein meals. Feed
high quality forage with high energy content and reduce the quantity of straw in ration.
Grain feeding increases total energy intake and improves rate of gain of cows. Reduction
of energy intake, correction of crude protein level of ration is the measure for over-
conditioned cows (3.5 to 4+ score) during mid-lactation and late lactation. Do not put on
diet; instead reduce the energy content of the diet of fat cows during dry period in late
lactation. Two weeks prior to calving cows with 3.75+ body condition score are more
prone to decreased feed intake, weight loss, fatty liver, ketosis, calving and reproductive

problems.

The body condition of heifers should be maintained at 3- to 3+ to avoid greater
fat infiltration in the mammary glands at puberty so that they will produce to their full
genetic potential at first calving. To maintain body condition of heifers in recommended
range, it is important to feed balance ration with adequate amount of energy, protein,

vitamins and minerals
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