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Abstract: This research was conducted to describe the relationship between cow’s frame scores and calving
interval and the body mass index of cows and calves, to evaluate the reproductive performance of cows. We aimed
to prove that cows in an energy balance state will have a high reproductive capacity. The parameters recorded were
body weight, withers height, body length, hip height, and heart girth of 731 cows, and a calving interval of 2,117
birth records of calves from four breeds of cattle, namely, Bali, Madura, PO, and PO Kebumen, were analyzed. In
addition, descriptive analysis, analysis of variance, and correlation were performed to differentiate the breed. The
results of the frame score classification of Bali, Madura, PO, and PO Kebumen cattle were minimal with a value of
0 to 1, very small to moderate with a value of 0 to 4, small to large with a value of 3 to 9 and small to very large
with a value of 2 to 11, respectively. The mean calving interval values of Bali, Madura, PO, and PO Kebumen cattle
were 1.18 £ 0.03, 1.20 = 0.02, 1.22 + 0.01, and 1.22 + 0.01 years, respectively. The relationship between cow’s
frame score and calving interval was a positive and non-significant correlation. However, the relationship between
calving interval and cow’s body mass index was a significant negative correlation. This relationship indicates that
the calving interval will remain optimal based on the cow’s frame score. However, if the energy balance in the body
is increased, marked by an increase in the body mass index, it will support better reproductive performance with a
smaller calving interval. The relationship between the calf’s heart girth and cow’s body mass index was a negative
and highly significant correlation. However, the relationship between the calf’s body mass index and calf’s heart
girth was a positive, non-significant correlation, which can provide information that the calf’s heart circumference is
a limitation in the calving ease. We suggest that measuring the body mass index is the most appropriate system for
estimating the optimum reproductive capacity of Indonesian beef cattle. Since such a study has never been
conducted before, our findings are expected to be consideration on the evaluation of livestock reproductive
performance in Indonesia.
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1. Introduction

Hip height is correlated with growth [1], it can be
used to predict maturity and potential growth curves
[2], as the most accessible alternative in controlling
body size [3] and facilitating evaluation in linear body
measurements and the use of this system can be used to
identify the suitability of the frame score with the
carrying capacity of the environment [4].

Bigger cattle grow faster [5] but show lower fertility
than smaller cattle [6]. Changes in body weight are the
easiest way to estimate reproductive performance [7].
The relationship between infertility in cows and a
balance of energy status (body weight) [8] and energy
needs to meet various maintenance needs [9], a
measure of energy status using the body mass index
[10].

Reproductive traits are economically crucial for
sustainable production, and reproductive capacity is the
time interval between two calf births [11]. In cattle, the
calving interval is expected to be one year, so one cow
produces one calf per year [12]. Therefore, this study
aimed to determine the relationship between the frame
score, calving interval, and body mass index in cows
and calves in Indonesia beef cattle.

2. Research Methods

This study was conducted from July 2019 to
February 2020. We analyzed the data recorded from the
Beef Cattle Research Station (BCATRES) and the PO
Kebumen Cattle Breeding Association (PERPOKEB).
A total of 731 data for cows with 2117 data for calf
births belonging to four cattle breeds in Indonesia were
used in this study. Details of the number of animals per
breed were as follows: 46 heads of Bali cows with 110
calf births, 201 heads of Madura cows with 201 calf
births, 193 heads of Peranakan Ongole (PO) cows with
729 calf births, and 421 heads of PO Kebumen cows
with 1,077 calf births. The Bali, Madura, and PO cows
and calves located in Pasuruan at the BCATRES were
appropriately housed. The PO Kebumen cows and
calves were located in Kebumen at The PERPOKEB
and were appropriately housed too. Body Weight (BW)

was measured using a digital scale with a weight scale
of 1,000 kg and an error of 0.5 kg. Body measurements
were identified using a calibrated ruler, measuring tape,
and caliper in centimeters (cm). Four characteristics
were measured, i.e., Withers Height (WH), Body
Length (BL), Hip Height (HH), and Heart Girth (HG).
The cows were in a parallelogram standing position
when measured. The measurement points for each
individual are illustrated in Fig. 1.

Fig. 1 The measurement points of cattle: 1 - withers height (WH); 2
- body length (BL); 3 - hip height (HH); 4 - heart girth (HG)

Calf birth data were needed for calculating the
calving interval (ClI) in years. Cl data comes from the
cows with at least two (2) consecutive birth records of
calves, and if there were more than two (2) records, the
average value was used.

The data of BW, WH, BL, HH, and HG were
standardized to an adult age of five (5) years with a
multiplication factor [13], as shown in Table 1.

Table 1 Correction factors for data standardization based on the age

of the cows
Age (Years) Multiplication Factor
2 1.020
3 1.015
4 1.010
5-10 1,000

Calf BW data were obtained by weighing the calf
after birth for 24 hours [14]. BW of female calves was
standardized to BW of male calves with a
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multiplication factor value of 1.07.

Table 2 Correction factor for calf standardization based on the age

of cow
Age (Years) Multiplication Factor
2 1.15
3 1.10
4 1.05
5-10 1.00

In addition, data on BW, WH, BL, HH, and HG
were standardized based on the age of five (5) year old
cows with a multiplication factor [13], as shown in
Table 2.

Frame score and body size classification based on
HH using Table 3, a modification of the BIF method

[2].

Table 3 Frame score and body size classification, based on the age
of five (5) year old cows
Frame Score  Hip Height (cm)
X <113.28 Very small
113.28 <x<118.11 Very small
118.11 <x<122.43 Small
12243 <x<127.00 Small
127.00 <x<132.08 Moderate
132.08 <x<136.91 Moderate
136.91 <x<141.73 Moderate
14173 <x<146.05 Large
146.05 <x<150.88 Large
150.88 <x<155.45 Large
155.45 <x<160.02 Very large
X >160.02 Very large

Body Size

PP OO~NOOTA,WNEO

= O

Body Mass Index (BMI) values of cows and calves
are calculated by the following equation [15]:

BMI = (BWWHABL) /10 Q)
where:

BMI - body mass index (kg.m™);
BW - body weight (kg);

WH - withers height (m);

BL - body length (m).

Descriptive statistics (mean and standard error),
analysis of variance, and Correlation were used to
examine differences between cattle breeds. All the
statistical analyses were performed using the SPSS
Statistics software.

3. Results and Discussion

The performance of each breed of cattle in Table 4
shows the data description of Bali, Madura, PO, and
PO Kebumen cattle. Table 4 shows the highest frame
scores for PO Kebumen cattle with ten classes,
followed by PO cattle with seven categories, Madura
cattle with five classes, and Bali cattle with two classes.
In the modified classification based on the BIF method

[2], Bali cattle were included in the tiny body size
category (values 0 to 1). Madura cattle were included
in the minimal to medium body size category (values 0
to 4), and the PO cattle were included in the small to
medium body size category. Large (scores 3 to 9), PO
Kebumen cattle were in the type of small to huge body
size (scores 2 to 11).

Based on Table 4, Figures 2-8 show the
visualization of the variable relationship between the
Bali, Madura, PO, and PO Kebumen cattle.
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Fig. 2 Scatter plot showing the associations between cow’s frame
score and calving interval

Figure 2 shows no difference in the average ClI
value for each cattle breed. The CI values range from
1.15 to 1.25 years, which is quite an optimal value even
though it does not reach the one (1) year Cl value. This
Cl is a classic parameter for cattle reproductive
efficiency, although a shorter CI is not the goal of
reproductive programs [16].

Figure 3 shows that the average BMI value for the
frame score of the Bali cow was higher than that of the
Madura, PO Kebumen, and PO cow. However, this
value was still in the range of 16 kgm™ to 25 kgm?,
which was an average value indicating the balance of
sufficient energy [17].
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Fig. 3 Scatter plot showing associations between cow’s frame score
and cow’s BMI from the cows under study

Table 4 Parameter values for cows and calves of cattle breeds studied

Cattle Breed _ Cow’s Parameters

Calf’s Parameters

Frame Score  n(head) _Mean + Standard Error n(head) _Mean + Standard Error
Cl (year) BMI (kg.m?)  BW (kg) HG (cm) BMI (kg.m?)  BW (kg) HG (cm)
Bali 0 26 119°+0.04 24.85°+044 277.96°+6.65  158.70°+1.30 65 4432+ 0.08 13.99°+0.27  60.80°+ 0.61
1 20 1.16°+£0.04 2514°+£045 299.84°+7.82  163.96°+1.74 45 4.41%+0.09 14.07°+ 027  61.80°+0.47
Madura 0 3 117°+0.12  20.79°+0.40  252.55°+3.49  150.93°+1.66 9 433 +0.14 17.36°£0.28  63.25"+ 1.08
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Continuation of Table 4
1 17 1.20°+0.04 2023°+0.61 25342°+896  151.14°+1.63 50 411°+0.14 17.00°+0.60  64.95°+ 0.66
2 38 1.21°+0.04 20.35°+0.32  267.01°+4.75 153.70°+0.82 106 4.00° +0.06 16.99°+0.24  65.88°+0.51
3 9 1.16°+0.05 21.04°+0.77 29178 +12.10 157.93%+270 25 4.16°+0.14 17.57°+0.67 65.25°+1.08
4 4 1.18°+0.05 22.65°+0.66 333.46°+16.18 168.03%+1.72 11 4.28%+0.44 18.14°+1.57  63.67°+1.03

PO 3 4 1.15°+0.03 22.28%+0.51  317.68%+8.57 161.47°+293 16 5.95°+0.17 2487°+1.01  67.36°+1.30
4 19 1.23°+0.02 22.69°+0.68 340.57°+7.97  161.38°+2.74 82 5.65° + 0.07 25.50°+0.50  67.66° + 0.64
5 44 1.23°+£0.02 21.79°+036  346.21°+6.47  166.23°+1.14 179 5.83°+0.07 26.43°+0.28  68.98°+ 0.47
6 39 1.228+0.02 22.26°+044  378.60°+10.15 170.79°+1.85 160 5.72°+0.07 26.82°+0.32  70.25°+0.43
7 41 1.20°+0.03 21.66°+0.45 385.73°+9.57  174.15°+132 152 5.69° + 0.07 27.50°+0.34  71.26°+0.61
8 38 1.21°+0.03 20.80°+0.49  379.71°+10.89  176.64°+1.68 125 5.39°+0.08 26.96°+0.42 72.51°+0.82
9 7 116+ 0.04 19.50°+0.57 354.04°+13.43 17538°+348 15 5.55°+0.21 27.61°+0.97  73.78°+2.08

PO Kebumen 2 3 1.25°+0.03 20.11°+3.66 265.07°+41.01 151.70°+4.60 7 7.57°+0.22 3220+ 1.76  67.59°+4.86
3 5 1.21°+0.08 18.70°+2.15  299.02*+26.17 153.60°+5.15 15 6.83°+ 0.26 31.10%+0.35  70.90° + 0.87
4 45 1.24°+0.03 21.37°+043  348.03°+824  16251°+1.41 108 7.31°+0.11 31.539+033 68.14°+ 1.03
5 83 1.20°+£0.02 22.27°+038  37450°+582  168.18°+091 211 7.19°+0.11 32.14%+£036  69.37°+0.84
6 102 1.232+0.02 2155°+0.37 38454°+6.56  169.439+0.96 265 7.17°+0.10 31.829+0.28  69.83°+0.69
7 94 1.21°+0.02 19.85°+0.37  375.94°+6.83 170819+ 120 238 7.07°+0.09 32.16%+0.40  70.48°+0.81
8 43 1.23°+£0.03 20.01°+0.68 397.71°+12.46 177.86°+1.54 112 7.07°+0.13 32519041 7155+ 131
9 27 1.22°+0.04 19.26°+0.69  412.86°+15.69 18295 +225 68 6.88°+0.19 32.96%+0.75  73.48°+ 1.41
10 11 1.19°+0.04 19.38°+1.11  410.68°+20.65 184.85'+329 30 6.96°+0.17 32531+ 0.88 72726+ 1.46
11 9 1.17°+£0.07 18.78°+1.06  460.17°+2644 19539°+3.76 25 6.86° + 0.22 33.15%+0.79  74.66°+ 1.30

Notes: Mean + Standard Error means with different superscript letters in each column were significantly different (p < 0.05); CI - calving

interval, BMI - body mass index, BW - body weight, HG - heart girth
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Fig. 4 Scatter plot showing associations between cow’s frame score
and cow’s BW from the cows under study

Figure 4 shows the cow’s BW in line with the cow’s
frame score value. Matching cow size to the
environment  requires an assessment of the
environmental conditions and the needed nutrient
requirements; changing cow size can use selection over
generations or crossbreeding smaller frame-size cattle
breeds with larger frame-size cattle breeds [18].
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Fig. 5 Scatter plot showing associations between the cow’s frame
score and HG

Figure 5 shows the HG value of the Madura cow
based on the cow’s frame score value, which has the
smallest value, followed by the Bali, PO, and PO
Kebumen cows, respectively. The HG is related to BW

and indicates the ability of feed intake [19].

Figure 6 shows the BMI value for calves based on
the cow’s frame score value, including three groups,
BMI value for the Bali and Madura calves with the
smallest values, BMI value for the PO calves, and BMI
value for the PO Kebumen calves. Figures 7 and 8
show that the BW value for the Bali calves is the
lowest, followed by the Madura, PO, and PO Kebumen
calves, and the HG value for calves. BMI at birth is
related to the calf’s viability. Based on the field
research, the mortality rate for the Bali cattle ranges
from 13.76% - 28.48% [20], although this mortality
rate can be reduced by maintenance management
interventions and supplementary feeding [21]. The
Madura calf mortality rate ranges from 2.23% - 3.43%
[22; 23], the PO calf mortality rate was 1.92% [24], the
PO Kebumen calf mortality rate was 0.29% [25].
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Fig. 6 Scatter plot showing cow’s frame score with calf’s BMI in
the Bali, Madura, PO, and PO Kebumen cattle



146

50.00 -
© @
° [}
40.00 o—& o o
1.l |.i
~ a
2 . .......... Booo. . Beccii i Bveccevens
2 000 | 2 g l.. | } ]
= 8
Z 20.00 - °
10.00 4
0+
0 1 2 3 4 5 6 7 8 9 10 11 12

Cow’s Frame Score
Bali ® Madura ® PO @ PO Kebumen
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Fig. 8 Scatter plot showing the cow’s frame score with the calf’s
HG in the Bali, Madura, PO, and PO Kebumen cattle

Table 5 The correlation matrix of cow’s frame score with the calving interval, body mass index, body weight, heart girth

CFS Cl CBMI CBW CHG CfBMI CfBW CfHG
CFS 1
Cl 0.040 1
CBMI -0.230™ -0.082" 1
CBW 0.494™ -0.039 0.581™ 1
CHG 0.439™ -0.027 0.331" 0.809™ 1
CfBMI 0.774™ 0.075" -0.076" 0.381™ 0.268™ 1
CfBW 0.871™ 0.065 -0.125™ 0.502"™" 0.411™ 0.777" 1
CfHG 0.343™ 0.085" -0.148™ 0.208™ 0.253™ 0.015 0.493™ 1

Notes: ** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed); CFS - cow’s frame
score, Cl - calving interval, CBMI - cow’s body mass index, CBW - cow’s body weight, CHG - cow’s withers height, CFBMI - calf’s body

mass index, calf’s body weight -, CfHG - calf’s withers height

Table 5 shows twenty-one (21) variables that have a
positive correlation (a highly significant — sixteen (16)
variables, with significant values — two (2) variables, a
non-significant — three (3)) and seven (7) variables
have a negative correlation (highly significant — three
(3) variables, significant — two (2) variables, non-
significant — two (2)).

The relationship between the cow’s frame score and
calving interval was a positive non-significant
correlation, meaning that as long as feed needs are met,
and reproductive function is normal, it will not affect
reproductive performance [26]. The relationship
between the cow’s frame score and the cow’s BMI was
a negative and highly significant correlation; this
condition indicates that the higher the cow’s frame
score, to maintain body condition requires more feed [6]
if there is a lack of feed, it causes lower body weight so
that in the calculation of the cow’s BMI, the value will
be smaller. A positive and highly significant coefficient
correlation was the relationship between cow’s frame
score and cow’s BW, cow’s HG, calf’s BMI, calf’s BW,
and calf’s HG. The higher the cow’s frame score can be
an indicator of the higher body weight and body size of
the cow and calf [1].

The relationship between CI and cow’s BMI was
significantly negative; a higher BMI can be used as an
indicator of better energy status, supporting better
reproductive performance [27]. The relationship
between CI and cow’s BW and cow’s HG was a
negative non-significant correlation; it could mean that

cow’s BW and HG were not used as indicators of
reproductive performance. The relationship between
calf’'s HG and calf’s CI and calf’s BMI was a
significant positive correlation, while the relationship
between ClI and calf’s BW was a positive non-
significant correlation; the Cl can be associated with
the opportunity to improve the condition of the cow’s
body after calving and the development of the calf
during lactation is more optimal, then the readiness of
the cow’s body condition for initiating pregnancy [28].

The relationship between cow’s BMI and cow’s
BW and cow’s HG was a positive, highly significant
correlation; this is illustrated by calculating BMI;
cow’s BW becomes a factor that is divided so that the
higher the cow’s BW, the higher the cow’s BMI, while
HG can be used as an indicator of the size of BW [29].
Therefore, the higher the cow’s HG, the higher the
cow’s BMI. However, the relationship between cow’s
BMI and calf’s BMI was a significant negative
correlation; the relationship between cow’s BMI and
calf’s BW and calf’s HG was a negative, highly
significant correlation. Cow’s BL is a dividing factor,
so a higher cow’s BMI can also indicate that the
smaller the body size, which limits the development of
the calf in the uterus; this can explain the relationship
between a cow’s BMI and calf’s BMI, calf’s BW and
calf’s HG that had a negative correlation.

The relationship between cow’s BW and cow’s HG,
calf’s BMI, calf’s BW, and calf’s HG was a positive,
highly significant correlation; the relationship between



Adinata et al. The Relationship between Frame Score, Calving Interval, and Body Mass Index in Indonesian Beef Cattle, Vol. 49 No. 9

147

September 2022

cow’s HG and calf’s BMI, calf’s BW, and calf’s HG
was a positive highly significant correlation. Cow’s
BW is closely related to cow’s HG because it can be
used as an indicator for estimating cow’s BW,; the
larger the cow’s HG can provide information that the
cow’s BW is also getting bigger, cow’s BW and cow’s
HG can be used as indicators in the calf development
process because they are related to the volume of the
cow’s abdominal cavity where the uterine organ will be
able to support optimal calf development, so calf that
produced is getting bigger [30].

The relationship between the calf’s BMI and the
calf’s BW was a positive, very significant coefficient
correlation, as in the calculation of BMI, the calf’s BW
becomes a factor that is divided so that the higher the
calf’s BW, the higher the calf’s BMI. The relationship
between calf’s BMI and calf’s HG was a positive non-
significant correlation; this can provide information
that there is a limit on calf’s HG associated with the
cow’s pelvic in the ease of the calving process [31].
The relationship between calf’s BW and calf’s HG was
a positive, very significant correlation; calf’s HG can
be used as an indicator for calf’s BW; the larger the
calf’s HG, the larger the calf’s BW.

4. Conclusion

The frame score categories for the Bali, Madura,
PO, and PO Kebumen cattle were tiny with a value of 0
to 1, very small to moderate with a value of 0 to 4,
small to large with a value of 3 to 9, and small to very
large with a value of 2 to 11, respectively. The mean Cl
of Bali, Madura, PO, and PO Kebumen cattle were 1.18
+0.03, 1.20 £ 0.02, 1.22 + 0.01, and 1.22 £ 0.01 years,
respectively. The relationship between a cow’s frame
score and Cl was a positive non-significant correlation,
but the relationship between Cl and the cow’s BMI was
significantly negative. This relationship indicates that
the CI will remain optimal based on the cow’s frame
score. However, if the energy balance in the body is
increased, marked by an increase in the BMI, it will
support better reproductive performance with a smaller
Cl. The relationship between the calf’s HG and the
cow’s BMI was a negative, highly significant
correlation. However, the relationship between calf’s
BMI and calf’s HG-positive was a non-significant
coefficient of correlation, which can provide
information that calf’s HG is a limitation in the calving
ease. BMI is the most appropriate system for estimating
the optimal reproductive capacity of Indonesian beef
cattle, however, the index requires three parameters
(BW, WH, BL), which may be the only limitation.
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