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Abstract: To search for a method to predict accurately carcass traits in bovine, in this study, DPS
and SAS software were used to compare the methods of partial least squares regression, GM(1,
N) gray system and BP neural network, in order to observe their accuracy in predicting carcass
traits in bovine. Seven preslaughter growth traits including body height, body length, chest circ-
umference, abdominal circumference, cannon bone circumference, live weight and average daily
gain were used to predict the carcass weight and meat weight. The results showed that the partial
least squares regression gave the highest accuracy, while the average relative errors of GM(1,N)
gray system and BP neural network were lower. In this study, the three predicted results were

combined and their mean value were calculated as the predictive values, which would greatly
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improve the accuracy of prediction. The results would provide some scientific references to beef

production.

Key words: PLSR; GM(1,N) gray system; BP neural network; prediction; carcass traits
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Table 1 Summary statistics of test sample(n=173)

Adamczyk ZEH A A T 2 W 45 07 vk ] DL T A
7R FB SRR WU 5. Li S5 O g/ — 3 (R )
IR 22 [ 48 J7 3 0F 2 TR J0ORE R AT T30 A R i 2 K
7R e . Arul U DUK R G0 G o 3
Tl 1 57 1 R PR AT AL SOV 23 F NG W7 L 4] Y 0 A5E A
WP A A R T AR R

A 6 A 5 /> 3 il 5 G M(T, ND JR 5 5
GE A BP #2825 3 Fh 7 vk Xk PR 24 B 4 5T R R Y
JoT AT S0 LA S-SR — Tl o 0 P 6 v ) T Oy s
A A A S R AR A — R R S

1 #MRlERE
1.1 NWHYEHERE

SCEE Yok A N S S B BT IR AR PG
B IR A28 173 3k A PR PO TS R AN R AL 4F
WXy 18 H Ay el 3R A PR — 2. I BE A
7 AR AR O R AR R
S AR -2 R AR T ) 2 RO A A 5
R BRI R B . IR A G TR Ik 1.

PR Trait KM Maximum  £/ME Minimum — F¥{E Mean Frifi 2% Std Dev
i {4 i & /kg Carcass weight 359.5 202.5 273.15 34. 60
%N i &5/ kg Meat weight 336.5 185 253. 34 32.83
&% /cm Body height 138 117 127. 24 4.52
K /em Body length 170 128 145. 91 9.23
M FEl /cm Chest circumference 221 175 192. 03 8.72
5§ 5l /cm Abdominal circumference 242 200 221.38 8.14
& [l /cm Cannon bone circumference 23 19 21.05 0. 85
SETTIE AR R &/ kg Live weight 648 408 515.57 54. 32
FHHRAERR/ (e - 7D 1. 90 0.51 1. 26 0.23

Average daily gain

L2 SHaHmAE

L2010 fidse/ — 3 o] U4 73 #r it 5 /s — 3fe [e] 14

J5 ¥ (Partial least square regression, PLSR) & 7F
38 22 70 1 H 9 B Al BB 3 8043 43 B R A G



370 )

H

E o 43 %

AT SO T — e [l A Oy ik ) B AR o fR) 2 E AL
2k ) At

ABEGE SASI. 2 B 4 72 58 . R AT PLS
TPy 24T B /N A I VA 43 B o 9 F S — 28 LB IR
12270 PR B U 43 A ) e 3500 8% 22 °F- O RN Z ) 1Y 22
S EPEETR B . Po>0. 1 Bk B TS BE L T
V7 P4 B 4 S o B Ay 4 ) 3 A E

K Reg #8 7y 15 21 I (4 v fR O 146 5 52 1 Y
5P E-SLEIN i RN IEI S iy

vi =a+tbx,+byxy +bsxs +bix, + 055 +be s
+ b2,

Ao,y AR AR R BUAE i =1 B 3R7R i i T
ﬁ,iZZ Hj%‘%%?%&])ﬁi;a jﬂ @Uﬂﬁfiéﬁﬁﬁ;\ﬁ Nvers
ey R U M B RE LA L S O AR T
i H OB AR BT A (B by by e by FROR IIH
L2.2 GMAO.NK@BRZE  #WHEECHARI
FRARMB RS KA FR G (Gray system) . K
B (Gray modeD) fij Fx GM BE 7Y, J2- rhr [5] 2% 3 X3 5
T B4 B i LUK B 5 B 0 5 0k
ST AR

AHEFEIE ) DPS B ab B R g it v 100 k2
AR I A 5y O AR

I?%+ﬂ>:[ﬁwur—%§p¢9@+aqaw
i=1

N
+ L 0a 1)
i—1

Aorprs 2 e+ 1 S MR HR T k+1 30022 A
oV (e 1) Ry & W PR B ET k41 T2 R
20" (1) S8R — AR A IR I B8 2 FT by Dy
RIS

SR G G it — B B UBA A I be P 4 1
2V +1D) =290 R+ —20 k)

A, 20 G+ 1) FRoR RS k41 3009 Tl

WHE s 0 R+ 1) L 2 k) 43 51 B A MR 1 i ke
+1.A k Wz A,
1.2.3 DBP #& M %% BP (Back propagation) #iff
22 M 45 52 1986 4F i Rumelhart S5 R} 27 4 L 0 —
Tl 1 2 A% 1 B 1 N 2 1 22 )2 Tt I 4% L 02 H
N )2 A R R R 2 — LA RN A 1 T
NS A R DL RS R AR

AHF5E 32 H DPS i 4b B 7 46 £ 57 BP #j 28 )

WA, E R ZE5 AR ST,
NI ZR 0.9, RIFIRZE 0. 001, fx RER R
5 000, B F5 Ar HEAL L B J2 77 A5 %k 20,

HAJZ
Input layer

Kz
Hidden layer

)2
Out layer

E1 BPHZAZMEKLEH

Fig. 1 Sructure of BP neural network
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Table 2 Cross validation for the number of extracted factors

R BUH 43 8 Number of extracted factors #1748 Root mean square P

0 1.010 204 <C0.000 1

1 0.580 623 0.003 0

2 0.487 133 0.028 0

3 0.409 068 0.088 0

4 0.398 705 0.552 0

5 0.397 234 1.000 0
P>0. 1 B, 32 o 4R B4 R
Stop extracting factors when the P value was more than 0. 1
*3 BHEMAITER
Table 3 Parameters estimation

a b, b, b, b, b bs b:
i 39. 815 0. 827 —0.098 0.061 —0.620 0. 160 0.588 —29.752
V2 45.971 0. 809 —0.133 0.038 —0.529 —0.774 0.558 —29.272
R 25 11 5 3R B 2 s S AR I F 2.1.3 DBP i1 28 [ 45 F0 ) A5 7Y iz 1l DPS ¥4
yi = 39.8154-0.8272; —0.098x, +0. 061y, —  AbPERGHE N BP W W4 R A, Il ZhiR 22 il £k n
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45,97140. 8092, —0. 1332, +0. 03825 —0. 5292, — YR 22 0. 001, .Jﬁtﬁ%iﬂﬁ,ﬁEAEﬁ MiRIAE, BHE
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Fig. 2 Training curve of BP neural network
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Table 4 Prediction errors of carcass weight
fi 71 4 % iR 2% /kg Absolute error FIXFiR 2/ % Relative error
Model BRME Max  H&/ME Min FE3{H Mean  FR#EiR SE S KM Max  H/MHE Min XM Mean FrifEiR SE
PLSR 23.79 0.44 7.68 0.66 10. 60 0.186 2.97 0.27
GM(1,N) 29.98 0. 20 9.35 0.75 12.69 0.077 3. 60 0.29
BP 28.48 0.09 9.92 0. 81 11. 48 0.029 3. 80 0.31
MEAN 15.73 0.13 6.42 0.49 6. 64 0.053 2.47 0.19
x5 FAREWMNRE

Table S Prediction errors of meat weight

H 75 #4835} % 2% /kg Absolute error MXTIR 2/ % Relative error

Model e KME Max  #/ME Min SF3(H Mean  Fp#fEiR SE it KMH Max  f/ME Min SF3{H Mean #rifER SE
PLSR 23.46 0.24 7.81 0. 65 11.42 0.098 3.26 0.29
GM(1.N) 30. 77 0. 36 9.17 0.77 13. 26 0.143 3. 80 0. 33
BP 31.33 0.03 9. 84 0. 89 13. 56 0.013 4.01 0. 36
MEAN 16. 84 0.14 6. 04 0.53 7.29 0. 050 2.49 0.22
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Table 6 Fitting results of the different models

MAPE MSE MAE
B8 Model  ff i &t / % G L/ % i A P R R IR 1A 5 e P IR R
Carcass weight Meat weight Carcass weight Meat weight Carcass weight Meat weight
PLSR 2.97 3.26 9.50 9.57 7.68 7.81
GM(1,N) 3. 80 3. 80 11. 33 11.27 9. 35 9.17
BP 3. 60 4.01 12.07 12. 38 9.92 9. 84
MEAN 2.47 2.49 7.66 7.51 6.42 6. 04

5 BN, GM(1, N) LR FT BP it 25 ) 2% 155 4l B BT S E R b i R Fe B . AR AR T T
) MAPE .MSE MAE {8 ¥ Fb #4235 . GM (1. N) fi 2R PR A5 R P O A /Iy — 3fe [l 19 A5 78 X6 2 45 v B
BRI RE BE R o i/ R I ARERLAY 3 Thi4E FRLCIR W M AL R & R b AT T @R B AR
B DU /T GMICL, N SR BP A1 25 0 2 50 771 SELPIOR O PLS A I A R X AR W5 B 4 Fr o R AT
TIODRS B2 AE 3 Fp 7 2 b F e o T A TR 4 T G T A0 R I TN 3 25 4 B Sk 2. 57 %6
ROV SR 7 JOR BE LG 3 RO IR B WO AT 3. 08 %, 5 A i By 10 ko 4% S5 e R0 P B R 0 (14

TRCRFREE R AR 25 (2. 97 % M1 3. 26 %) A& — 5, Friggens

SEHF PLSR B AL 3 o X 7L Al 43 9 0 S BT

3 3 i Wy 4 fE R A A T . BRI AT S N F A BP
3.1 3TN AEESYTNER A 28 W28 X W1 WA 305 R W HEAT T B0 .

i fe /N — 3 ] A B R GML (1, ND JK {5, 2 55 Fil TE R A b 4 1o P = 2 AR v A 6T 2R PR JB A 00
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