Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2023.24.11.597

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 24, No. 11 pp. 597-605, 2023

AFAET ELEES o83 AMTY IFL ATl b2

=, = . *
=gy, 0], 3497l ¥Ze, Borhan Shokrollahi, 9T, F414]
SEVSH IUINS

Estimating body size traits and weight of Hanwoo steers based on
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Abstract This study aimed to evaluate the ability of nutrient intake to predict body size and weight in
castrated Hanwoo steers. The study was conducted from 2019 to 2022 and involved 45 castrated Hanwoo
cattle. Individual feed intake data were collected using ICT (Information and Communications
Technology) equipment and converted into nutrient intake values. Body weights and various body size
traits were measured monthly. Predictive models were developed using artificial neural network
algorithms. Of the predictive models based on body size traits, chest height demonstrated the highest
predictive accuracy, underscoring the significance of the relationship between nutrient intake and chest
girth. Notably, chest girth, which is commonly used to predict body weight, was strongly correlated with
average daily gain at various growth stages. The derived weight prediction model, based on body size
traits as independent variables, achieved an R-squared value of 0.98, indicating high predictability.
These results suggest that it is possible to forecast body weight based on monthly nutrient intakes on
farms. This derived model could be used to better predict body weights in research areas utilizing smart
farms, image data, and video information.
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71 AQlsta 871E 7H s7HE BA] G2 Aol
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ZAH 9 AEHFHAFY tlold £2= Fig.
13} 20 AAISIATE AAFEAE HHH AR IFhe
AEH(kg)o| 2, ZX|"Hether extract, EE), &
71&(organic acid, OM), SAAIA £&4 M/
(neutral detergent fiber, NDF), AFJAA| &84 A
H4(acid detergent fiber, ADF) , H|4-8A B35}
E(non-fibre carbohydrates, NFC) & 7}43}d %A
FHE FJot HAHAT J¢AY FHE ARSI
(Table 1, 2, 3).
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Fig. 1. Box plots of body weights by age of Hanwoo
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Table 2. Basic statistics on the intake of each
nutrient according to the early fattening
period of Hanwoo steers

Ttem' N*  Mean  SD Min  Med  Max
DM (kg/d) 322 938 074 758 939 10.98
CP (kg/d) 322 136 0.14 1.03 1.35 1.72
EE (kg/d) 322 033 004 023 032 041
OM (kg/d) 322 829 067 646 835 961
NDF (kg/d) 322 385 075 180 408 482
ADF (kg/d) 322 260 025 202 257 3.20
NFC (kg/d) 322 259 038 1.84 254 354
TDN (kg/d) 322 546 050 421 544 662

'DM, dry matter; CP, crude proein; EE, ether extract; OM,
organic acid: NDF, neutral detergent fiber; ADF, acid detergnet
fiber; NFC, non-fibre carbohydrates: TDN, total digestible
nutrients

’N, the number of date; SD, standard deviation; Min, minimum;
Med, median; Max, maximum

Table 3. Basic statistics on the intake of each
nutrient according to the late fattening
period of Hanwoo steers

Age (month) Item' N> Mean SD Min  Med Max
Fig. 2. Box plots of dry matter intake (DMI) by age of DM (kg/d) 62 1045 0.63 877 1059 11.45
Hanwoo steers
CP (kg/d) 62 1.37 0.09 1.13 1.38 1.51
Table 1. Basic statistics on the intake of each EE (ke/d) 02 048 003 040 049 053
nutrient according to the growth period of OM (kg/d) 62 944 058 7.89 958 10.36
Hanwoo steers NDF (kg/d) 62 439 027 378 444 486
Item' N’ Mean  SD Min  Med  Max ADF (kg/d) 62 267 017 233 269 3.04
DM (kg/d) 385 7.40 1.35 3.77 7.69 10.17 NFC (kg/d) 62 3.58 0.25 2.90 3.60 3.99
CP (kg/d) 385 0.96 0.19 0.49 0.94 1.36 TDN (kg/d) 62 6.49 0.41 5.37 6.58 7.16
EE (kg/d) 385 0.24 0.05 0.12 0.24 0.34 'DM, dry matter; CP, crude proein; EE, ether extract; OM,
organic acid; NDF, neutral detergent fiber; ADF, acid detergnet
OM (kg/d) 385 6.75 1.23 3.44 7.01 9.27 fiber; NFC, non-fibre carbohydrates; TDN, total digestible
nutrients
NDF (kg/d) 385 241 0.54 124 2.56 318 2N, the number of date; SD, standard deviation; Min, minimum:;
ADF (kg/d) 385 226 042 1.15 234 3.06 Med, median: Max, maximum
NEC (kg/d) 385 1.87 035 095 191 260
TDN (kg/d) 385 430 079 220 446 594 2.2 —g—Al_f:‘; al %Alé AFQF2EE|

DM, dry matter; CP, crude proein: EE, ether extract; OM,
organic acid; NDF, neutral detergent fiber; ADF, acid detergnet
fiber: NFC, non-fibre carbohydrates; TDN, total digestible
nutrients

2N, the number of date; SD, standard deviation; Min, minimum;
Med, median; Max, maximum
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T2 5ABAETeEN AGS(nput layer), 24
Z(hidden layer) ¥ &33(output layer)Z 7-&H
(Fig.. & dtolMe 34T e Be €

A8} =2 ReLu (Rectified Linear Unit, Eq. 2)&

rul&ﬂ

ol 831, 249FS IR A5l 35 HAEES
ARgRISiTh. Zhzte] Al dE mEe] JEES ALY,

DM, CP, EE, OM, NDF, ADF, NFC ¥ TDN2.& 35}of
Z2te] AA 9] 9718 A5, C“Xé%:éj(Eq. 3) 3o
A9t BEAE vlwste] o&E S Brettt. 242t
o dl&d AHe) 27(E ?Jﬁ%_é sto Lol ot
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Lnorm = - (1)
Tmax ~ Lmin

Where, Xnorm is normalize data, x is observed

data, Xmin is minimum of data, Xmax is maximum
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of data

= f( ZIL] ww;)

i=1

()
Where,

artificial neural network, f is activation function,

z is the equation for prediction of

X is input data, w is weights, n is the number of

input layers

+a ®)

is

T xmin) min

max

= Lnorm (

L denorm

Where,

denormalized data, Xmin is minimum of data, Xmax

Xnorm 1S normalize data, Xdenom

is maximum of data

H A

2.4 SAEAM

9 9213t0] AT EAL Pearson’s correlation
testE AMESIY] AdAISet Fo8E EASHTE 2d
o] #EA9} dEA 9 A& s st R®
(coefficient of determination, Eq. 4), MAE (mean
absolute error, Eq. 50 ¥ RMSE (root mean
squared error, Eq. 6)& 7919 dl& A& Qlst
ot BE HolHE o8t 4, AE 9 #Esket
nd 7 9 AJ4SHEA2 Python (ver 3.10.2)& ©]&

stof e
,_ . Zly —y)?
B = T @

Where, n is the number of observations, y; is the

observed value for the i observation, y; is the

forecasted/predicted value for, y is mean value
of y.
MAFE =

IR ~
w2lv—l ©)

Where, n is the number of observations, y; is the

observed value for the i observation, y; is the

forecasted/predicted value for the i observation.
1 i N 9
RMSE= 4/ -2 (v, —v) ©
i=1

Where, n is the number of observations, y; is the
observed value for the i observation, y; is the

forecasted/predicted value for the i observation.
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Table 4. Basic statistics on body measurement traits
and body weight of Hanwoo steers at 12
months of age

Item' n Mean SD Min Med Max
BW (kg 45 3379  46.0 254.0 3335 437.0
WH (cm) 45 120.2 4.7 110.0 120.0 130.0
HH (cm) 45 124.5 4.9 115.0 124.0 135.0
BL (cm) 45 135.1 7.0 120.0 135.0 1510
CD (cm) 45 61.6 2.8 57.0 61.0 68.0
CW (cm) 45 36.7 3.0 29.0 36.5 43.0
RW (cm) 45 37.5 2.6 30.0 38.0 43.0
PW (cm) 45 40.0 2.7 33.0 41.0 45.0
HW (cm) 45 23.1 2.9 15.5 23.0 28.0
RL (cm) 45 46.4 2.9 40.0 46.0 54.0
CG (cm) 45 164.3 6.4 145.0 166.0 179.0

'BW, body weight; WH, wither height; HH, hip height; BL, body
length; CD, chest depth; CW, chest width; RW, rump width; PW,
pelvic width; HW, hipbone width; RL, rump lennth: CG, chest
girth

2n, the number of date; SD, standard deviation; Min, minimum;
Med, median; Max, maximum
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Fig. 3. Correlation analysis with major traits during
the growing periods. DMI, dry matter intake;
CPI, crude protein intake; TDNI, total
digestible nutrients intake; NDFI, neutral
detergent fiber intake; BW, body weight;
ADG, average daily gain; WH, wither height;
BL, body length; HW, hipbone width; CG,
chest girth.
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Fig. 4. Correlation analysis with major traits during
the early fattening periods. DMI, dry matter
intake; CPI, crude protein intake; TDNI, total
digestible nutrients intake; NDFI, neutral
detergent fiber intake; BW, body weight;
ADG, average daily gain; WH, wither height;
BL, body length; HW, hipbone width; CG,
chest girth.
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Fig. 5. Correlation analysis with major traits during
the late fattening periods. DMI, dry matter
intake; CPI, crude protein intake; TDNI, total
digestible nutrients intake; NDFI, neutral
detergent fiber intake; BW, body weight;
ADG, average daily gain; WH, wither height;
BL, body length; HW, hipbone width; CG,
chest girth.
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Table 5. Comparison of body size traits prediction
statistic for the artificial neural network of
Hanwoo steers

Model' RY MAE RMSE
WH 0.86 0.05 0.06
HH 0.86 0.05 0.06
BL 0.85 0.05 0.07
cG 0.89 0.04 0.05
CD 0.78 0.05 0.08
cw 0.81 0.06 0.08
RW 0.87 0.05 0.07
PW 0.80 0.06 0.08
HW 0.60 0.09 0.11
RL 0.83 0.05 0.07

'WH, wither height; HH, hip height: BL, body length; CD, chest
depth; CW, chest width; RW, rump width; PW, pelvic width;
HW, hipbone width; RL, rump lennth: CG, chest girth

"R%, coefficient of determination; MAE, mean absolute error;
RMSE, root mean squared error
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