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ABSTRACT 

Body condition score (BCS) data is generally scored by more than rater and the data is recorded several times after 

calving. The objective of the study was to quantify the reproducibility measurements among raters and its trend across 

time of measurements. The body condition score data of Holstein Cows were extracted from the database provided by 

the Indonesia National Breeding Centre for Dairy and Forage. The BCS data were recorded on January-December 

2015 and January-April 2016, which was 4,709 data altogether rated by 4 raters. An R package of psych was used for 

analyzing the raters reproducibility in which intra-class correlation coefficient (ICC) of type 3 (a model with average 

fixed raters) was used. The statistical analysis was performed with R program. The mean BCS of rater 1, 2, 3 and 4 

were 3.12, 3.08, 3.13 and 3.12, respectively being the average BCS across raters of 3.11. The minimum and maximum 

of BCS were 2.5 and 4.0, respectively. As much as 14.36 % of cows were categorized to be below standard BCS. The 

BCS trend across months when the cows were recorded shows a slight declining pattern, however the determination 

coefficients of the linear regression model were very low (0.02). The intraclass correlation among raters were 0.62-

0.64 and 0.87-0.88 when BCS means was included in the computation. The determination coefficient of regression 

lines of mean BCS on each rater were 0.62-0.80. The study concludes that the reproducibility measurements among 

BCS data rated by the available raters were moderate to high. The reliability of BCS data among raters could be 

increased for example by providing intensive training to the raters. The BCS trend over month of measurements was 

relatively stable. The contribution of each rater to the mean of BCS across raters variation was not equal. 
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1. INTRODUCTION 

Body condition score is routinely and individually 

recorded in most of dairy farm since this trait plays 

important role in deducing the status of energy balance 

of the animals. It is used by breeders as the crucial 

management aid in order to achieve the optimal milk 

production and reproduction efficiency. The occurrence 

of metabolic as well as peri-partum abnormalities can be 

reduced. Even though BCS is scored in different scale [1] 

it is internationally agreed that BCS or change of BCS 

across different time of measurement is beneficial for 

adding management decision regarding to feeding. It 

has been reported in the literatures that BCS has 

association with different traits such as health [2], milk 

production [3] and live weight [4]. The association 

between calving and lactation BCS has been reported to 

associate with ketosis [2], milk fever [1] and displaced 

abomasum [5]. 

Different scoring system of BCS have been 

introduced differently such as 1-5 scale [6], 1-9 scale [7] 

and 1-10 scale [1] which all agree that the lowest score 

is being emaciated and the highest score is being obese. 

Though, [8] recommended that whatever scale of BCS 

used, the mean value of BCS should be close to 

(maxscore-minscore)/2. In addition, according to [8] the 

BCS standard deviation should be about (maxscore-

minscore+1) / 6. Maxscore and minscore are the highest 

and lowest score of BCS observed on the population, 

respectively. Extreme low (or high) of BCS score is 

related with health risk [9] and reduced reproductive 

efficiency [10]. 

BCS score is a subjective trait where the value was 

dependent on the rater. To reduce bias, BCS data 

generally were scored by more than one observers/raters 

and the individuals cow BCS are obtained from the 

average of all participating observers/raters. Raters 

consistency of BCS scoring can be measured in the form 

of intraclass correlation coefficients [11]. Reliability 

index or reproducibility of BCS data scored by a few 

particular raters are done usually by intraclass 

correlation. It is computed from an analysis of variance 

Advances in Biological Sciences Research, volume 20

Proceedings of the International Conference on Improving Tropical Animal Production for Food Security (ITAPS 2021)

Copyright © 2022 The Authors. Published by Atlantis Press International B.V.
This is an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 69

mailto:agus.susanto0508@unsoed.ac.id


  

 

by taking the ratio of between-raters variance and its 

total variance. Ideal body condition score from calving 

till the animal is dried (Figure 4) has been proposed by 

[12] showing that the BCS declines up to the six weeks 

of post calving and then increase gradually until the cow 

is dried. Thus the objectives of the current study were to 

quantify the magnitude reproducibility of BCS data 

scored by the 4 available raters in the Indonesia national 

breeding centre of dairy cattle and forage (BBPTUHPT 

Baturraden) and its trend across time of measurements. 

2. MATERIALS AND METHODS 

Data of individual BCS were collected from the 

national breeding centre for dairy cattle and forage 

(Balai Besar Pembibitan Ternak Unggul dan Hijauan 

Pakan Ternak, BBPTUHPT) Baturraden, Indonesia. The 

BCS data analysed in the study were recorded on 

January-December 2015 and January-April 2016 on 

Holstein cows which gave birth of at least once.  

Altogether, there were 4709 individuals BCS data rated 

by 4 raters included in the analysis. Individuals BCS 

data were recorded using 1-5 scale based on scoring on 

pins, thurl, hooks, sacral ligament and short ribs [6]. 

Scoring of BCS on dairy cows is illustrated on Figure 1. 

 

Figure 1. Anatomical areas for body condition scoring 

(https://www.infovets.com/healthycowinfo/A

084.htm) 

Reproducibility of BCS data was determined using 

intra-class correlation coefficient (ICC) of type 3 (a 

model with average fixed raters). Intra-class correlation 

coefficient (ICC) was computed using psych package 

[15]. The BCS trend across month of measurements was 

fitted using lm package. The graphical illustration of 

some aspects of the study was created using tidyverse 

package [16]. All statistical analyses were performed 

using R program [17]. 

3. RESULTS AND DISCUSSION 

The BCS across raters has the mean ± standard 

deviation of 3.11 ± 0.17. The distribution of body 

condition score of each rater is illustrated in Figure 2. It 

is clear that the BCS data scored by all raters are 

relatively skewed, though the skewedness direction was 

inconsistent. The dispersion of the BCS data was 

identical. The basic statistical values were presented on 

Table 1. The similar dispersion between BCS data 

scored by different raters could be due to the similar 

scoring skill between raters. This could be due to the 

rater training for scoring the BCS or due to the working 

experience of the raters. The staffs assigned as the BCS 

rater usually have more than 10 years of working 

experience. The similar dispersion could also be caused 

by the rule applied to the raters that the score obtained 

by each rater could not be more than 0.25 compared to 

those of other raters. If it is the case, the rater must re-

score the cow until the requirement for score agreement 

achieved. 

 

Figure 2. Distribution of body condition score for each 

rater 

The reliability or reproducibility of BCS data 

among raters using different models of the current study 

is presented on Table 2. It shows that the intra-class 

correlation of different models ranges 0.62-0.64; the 

intra-class correlation is 0.87-0.88 if the means of the 

available raters is included. In the case of BCS rating 

where the number of raters involved are fixed as applied 

to the BCS data of current study, the reproducibility data 

are categorized moderate (062 - 0.64) depending on the 

models used in the computation. However, the raters 

reproducibility is categorized high (0.87-088) if means 

of the available raters is taken care in the computation.  

Table 1. Basic statistics of BCS data 

Classifier Minimum Maximum Mean Median Standard deviation 
Rater 1 2.50 3.75 3.12 3.25 0.16 
Rater 2 2.50 4.90 3.08 3.00 0.16 
Rater 3 2.50 3.75 3.13 3.25 0.18 
Rater 4 2.50 3.75 3.12 3.00 0.16 
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Cohen’s kappa (κ) and spearman’s rho (ρ) [18] show 

relatively similar result of inter-observer agreement. 

Pearson correlation [19] show that the correlations 

between raters/scorers are 0.85-0.87 and 0.62-0.66 when 

the inter-observer reliability is based on the weighted 

kappa coefficients. 

The moderate (or high) intra-class correlation 

between raters of the current study could be due to the 

training experienced by the raters. However, the 

restriction applied to the raters is only to report the 

allowable value causing this moderate intra-class 

correlation. As the BCS data are subjective, the 

restriction applied during scoring could be a 

disadvantage since the referenced score is not 

guaranteed to be the most accurate score. To increase 

the reproducibility of BCS score among raters, multiple 

observers/raters should be applied [18]. 

 

Figure 3. Regression of BCS on month of measurement 

The trend of BCS over month of measurementis 

slightly negative as shown in Figure 3 being the 

adjusted R2 very small (0.02069). Under the dynamic 

population, the trend of BCS over month of 

measurement is suggested to be flat since the 

reproductive activity of the cows is not limited. The 

small value of R2indicate that the negative trend of BCS 

over month of measurement cannot be used to infere the 

real BCS of the population. The BCS mean within 

month depends on the structure of the reproductive 

stage of the cows as it has been pointed out by [12] that 

normal BCS will follow what is called the ideal 

function. The deviation of individual BCS could be 

addressed by either under or over feeding. The negative 

energy balance and decreased of dry matter intake for 

instance could increase BCS before and at calving [20] 

and hence strategies to increase dry matter intake as 

well as maintaining proper energy balance are important 

in dairy management. 

 

Figure 4. Ideal proposed body condition score from 

post calving until dry period 

  

  

Figure 5. Regression line of across raters BCS mean on 

each rater 

Figure 5 shows the different contribution of each 

rater to the variation of mean BCS across raters. In 

general, the variation of mean BCS across raters 

accounted for by rater is similar (0.74-0.80) except for 

rater 2 (0.62). It could indicate that the BCS score 

recorded by rater 2 is less similar than those of the 

others. This result might be used to evaluate what 

caused this discrepancy. The BCS rating experience and 

the training background that rater 2 has joined could be 

the cause so that providing more on those aspects to 

rater 2 might increase the scoring accuracy. The 

Table 2. Intra-class correlations computed from pysch package 

Models type ICC F df1 df2 p lower bound 

Single_raters_absolute ICC1 0.62 7.6 4708 14127 0 0.61 

Single_random_raters ICC2 0.62 8.1 4708 14124 0 0.60 

Single_fixed_raters ICC3 0.64 8.1 4708 14124 0 0.63 

Average_raters_absolute ICC1k 0.87 7.6 4708 14127 0 0.86 

Average_random_raters ICC2k 0.87 8.1 4708 14124 0 0.86 

Average_fixed_raters ICC3k 0.88 8.1 4708 14124 0 0.87 

Note: output from pysch package of R program 
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subjectivity of raters in rating/scoring the BCS could be 

avoided by introducing amore advance technology such 

as digital imaging. The potential of utilizing digital 

images in assessing body condition score in dairy cows 

has been studied [21, 22] and the automated BCS 

rating/scoring might result in more objective and less 

time-consuming means [23] in obtaining the energy 

status in dairy cows. Furthermore, [19] have reported a 

high correlation (0.78 and 0.76) between the automated 

camera scoring and the manual scoring conducted by 

three experienced staffs on 343 cows using both 

continuous and categorical cameras, respectively. 

4. CONCLUSION

The reproducibility of BCS data in the National

Breeding Centre for Dairy Cattle and Forage of 

Indonesia (BBPTUHPT Baturraden) was moderate to 

high. The trend of BCS data over the month of 

measurement was relatively stable. The contribution of 

each rater to the mean of BCS across raters variation 

was not equal. The reliability of BCS data among raters 

could be increased for example by providing intensive 

training to the raters. 
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