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Abstract: In order to achieve rapid detection of the contents of four physicochemical indicators related to freshness

of mutton, a multi-task spectral feature extraction algorithm named ERC-RF is proposed in this study. By integrating the
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Ensemble Regression Chain (ERC) and Random Forest (RF), the correlation between freshness indicators was used to assigns

varying weights to the characteristic spectra to ascertain the importance of spectral band features. During the experiments,

data were first preprocessed by combining the SG (Savitzky-Golay) smoothing filter and Multiplicative Scatter Correction

(MSC). Subsequently, the RF and ERC-RF models were used to select characteristic bands, respectively, and the spectral data

were used for two freshness indicator contents prediction models: models for integrating Support Vector Regressio (SVR)
with Multi-Output Regressor (MOR): SVR-MOR, and integrating SVR with Multi-Output Regression Chain (MORC): SVR-
MORC. The results showed that the Coefficient of Determination (R’), average Relative Root Mean Squared Error (aRRMSE),
and Mean Absolute Error (MAE) values of the spectral feature data extracted by ERC-RF were 0.974 5, 1.302 7, 0.385 2,

and 0.975 2, 1.495 6, 0.391 8, respectively in the two prediction models, which were significantly improved compared with

models based on other band selection, with the number of bands being reduced from 125 to 31. These results confirm that

ERC-RF is an effective multi-task feature wavelength screening method, which not only improves the accuracy of multi-

output regression model, but also reduces the model complexity.
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Fig.1 Hyperspectral acquisition system
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458.070 3. 462.871 8. 467.673 3. 472.474 9.
477.276 4. 482.078. 486.879 5. 544.497 9., 549.299 4.
582.910 2. 587.711 7. 592.513 3. 616.521. 621.322 5.
702.948 6. 707.750 2. 712.551 7. 717.353 3.
722.154 8. 726.956 3. 731.757 9. 736.559 4.
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Table 2 Prediction results of feature wavelengths in different threshold ranges for RF feature selection

- e : SVR-MOR : SVR-MORC
R aRRMSE MAE R aRRMSE MAE
0.009 59 0.960 7 2.5699 0.528 1 0.9572 2.570 1 0.534 1
0.01 51 0.961 1 25423 0.5197 0.958 2 2.542 6 0.5255
0.012 41 0.9595 2.5829 0.5219 0.956 8 2.5832 0.526 9
0.013 37 0.9545 2.704 1 0.625 8 0.948 3 2.704 5 0.632 1
0.014 35 0.9529 2.744 4 0.6439 0.967 4 2.0388 0.4857
0.014 86 32 0.963 1 2.0417 0.484 7 0.969 3 1.9545 0.4573
0.015 31 09720 1.713 1 0.4229 0.9727 1.7130 0.422 1
0.0152 30 09711 1.496 2 0.394 0.972 6 1.5126 0.394 7
0.016 27 0.970 2 1.8710 0.4419 0.971 8 1.802 4 0.435 4
0.018 24 0.969 7 1.911 0.4477 0.9713 1.836 8 0.440 1
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% 3 ERC-RFIZHEMFEHEMFIERE KFNLE R
Table 3 Predicted results for different numbers of feature
wavelength selected by ERC-RF

B SVR-MOR SVR-MORC
# R aRRMSE MAE  R® aRRMSE MAE
25 09421 2.6849 0.6057 09553 2.1737 0.5201
28 09598 2.0933 04928 09631 19628 04704
30 09712 1.8372 04413 09720 17131 04229
31 09745 13027 03852 09752 14956 03918
32 09683 1.6148 04261 09688 1.6147 04259
35 09653 1.6745 04391 09398 2.847  0.592
40 09605 2.5828 0.5408 09553 2.5831 0.548
50 09535 2.6164 0.6397 09549 25171 0.5486
50 09584 25914 0.5688 09538 2.5917 0.5754
68 09591 25638 0.5447 09553 25641 0.5499
74 09579 25817 05432 09546 258 05457
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Fig.7 Distribution of optimal eigenbands for ERC-RF and

RF extraction
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8

(1 DY T30 EE Ak 48 AR AT 5 HAH DG o B T I e R] g
B, RF $EEURRRIE B BOS R AL T IR 285041 2 A —
BB, 1 ERC-RF £ it 2 5, $REUI s B L
SIS AT AE 440~620 nm AT 700~780 nm Z [f],
SN 970 nm 4b 57K 5T 1) O-H A4tk ah — g 540
%, 5 755 nm Al 760 nm BT EE B 2EL, O
HIXER A i B A RE 0T BEART TS, T LA 3
zE LATA, i%H ERC-RF BHTHRFIE S Bk B e ik
AR AR TR, PR BRI AR 2

25 FREBEKET ENEE

N T B AIE ERC-RF 7 AF 32 £ 77 v 10 A &k, o
¥ 4 96 3. SVR-GA. SVR-HHO. SVR-ACO. SPA.
CARS. RF Fll ERC-RF % % [\ 455 1 i B AE A AR
A SVR-MOR Al SVR-MORC FiFhAS[A] 1) 22 4 tH ] Y14
AU 3EAT IR, SVR-GA. SVR-HHO. SVR-ACO 4y
MR R RAE S (Genetic Algorithm, GA). i H
W& LS YL (Harris Hawks Optimization, HHO)
14 HE 5775 (Ant Colony Optimization, ACO) —
Tl 8 e A AL 390 5 SVR &5 & 4L BRI ik B ik ¢ 54
B SON T BRI = REVETE SVR SR R
BRPE, ANSREG R FH AL 48 7775 SPAL CARS & HURFE
B HEAT %, Hoh SVR-GA. SVR-HHO. SVR-
ACO. SPA. CARS #f /& DL B /N %2 5 b5 TVB-N,
pH. TBC #l MPN A H AR AT FAE 4 DU Ja 647 &
R, BN HIL R IR AE I K ORI 45 SR 0
x4 P,

B 4RI, 7 FhAS ) 1R i 1 A% o SRV AR FR BN
REE U K 5 A R AR R U i T Aok, &
It ERC-RF #EATRHE B B AR B Z 5, SVR-MOR A
SVR-MORC #83R 13 | e bf (1) T 25 2R . = PP 4 e
M B 4 A 1) 9 B B BV R ) TU AR R E U
B EEZ, (R NEFRE 60% A, (H2M
TR G E PR EVL, TR B3 3] T #2715 SPA.
CARS IX ¥ Filt £ Gt 1) 5 £ 38 35 7 7% 5 K R B 10 0k
TR B AR, B BEE AU R SR 1 20% 72
A, AR AR TON AERA FEEUIK s RF A1 ERC-RF #
BOEHRE R T 31 AN BB, K BRSO RGO
(1) 24.8%, HTGMASE#—215 2] 745+, H ERC-
RF M T R 46 1) RF FRAESEHCE %, HER 32 &
T 0.25% A, EEJRFFTHE/E ERC-RF HE T %
AN E bR RN AE ISP, 2 R B2 AR A % 25 AN B
AT, RS, RS EEHT
Z g AR, JF B AR5 RE H bR A M) SVR-
MORC # A R LT




MREmBE Modern Food Science and Technology 2025, Vol.41, No.7

R4 TEIRBERGERESR
Table 4 Modeling results of different band selection methods

ST 3 3 - SVRAMOR - SYRAMORE
R aRRMSE MAE R aRRMSE MAE
None 125 0.9422 2.6822 0.599 6 0.965 4 2.344 8 0.481 4
SVR-GA 89 0.962 4 2.5013 0.494 6 0.961 6 2.501 4 0.496 2
SVR-HHO 76 0.961 6 2.5019 0.496 3 0.960 2 22132 0.5196
SVR-ACO 70 0.965 1 2.4632 0.466 7 0.968 0 1.996 1 0.4752
SPA 18 0.957 4 24167 0.548 1 0.960 7 2.2017 0.5177
CARS 23 0.969 7 19110 0.447 7 0.9713 1.836 8 0.440 1
RF 31 0.9720 1.713 1 0.4229 0.9727 1.713 0 04221
ERC-RF 31 09745 1.302 7 0.3852 0.9752 1.495 6 0.391 8
2.6 BAEEALIRATE FOMBR AERAE, 7T DLSEILE T EEREAL AR S B E &

Sy T EE ERCRF M4 Mt [ Ty PP TERACHERRIE B R TR
REMHEARR, EHENRI A m gy T

BT RO . BExT AN BAL R bR, ARSI R R, ! r _tsr:/eRvi/][lng{ predicted values
— _ N _ g | ——- - i valu
RMSE. MAE =W #8458 KRR s AR, [ 20 or .. SVR-MORC predicted values
FE¥% ERC-RF HFAELE £ 2 J5 (119 Bt AR SVR- g S0f
MOR F1 SVR-MORC W #f 2 % th [l IH A v, 43 531) £ 2 40p
AR A BEALAE PR B9 AR . PUAS FEAG R AR ) g = 30t
WG WER s Pros. 24 5 /A, KA ERC-RF $5 20!
SR W B A U B SR A IS TR & ol
FIRCR, A& TVB-N B30, N 28 () 1 0 50 100 150 200 250
R ERA G HAh = MR, FUILJR R, AT RE AN Sample number
TVB-N & &8 14 RHEB 7, S8 TVB-N [ b 72 — true values
Sl 29 IR S ke 12728 === SVR-MOR predicted values
TR A AR = b ° 7.0 — .~ SVR-MORC predicted values
&5 BANBIEIRMTNRER 6.8
Table S Predictive effectiveness of individual physical and ;’-3 661
chemical indicators -
o -
84V, SVR-MOR SVR-MORC 64
184 R RMSE MAE R RMSE MAE 621
6.0 1 Il 1 1 1
TVB-N 09407 33316 12460 09461 3.1756 0.4893 0 50 100 150 200 250
pH 09831 0.0456 0.0301 0.9840 0.0444 0.0303 Sample number
TBC 0.9807 0.0554 0.0366 0.9814 0.0543 0.037 1
C 60 ___ true values
MPN 0.9885 0.1230 0.076 1 0.9895 0.1178 0.0739 ) 5.8 ——- SVR-MOR predicted values
(% — = SVR-MORC predicted values
K H ERC-RF J7 V2 i %6 0 45 4iF % K & 57 2 4 2 61
R VAR, DA B R 160 2 S 5 00 £ P 400 g Y
SEWMES iR, MESTUERLES, 2 £
, . e o . 50F
ERC-RF FFIE 42 B 2 f5 155 2 ) 40L& R0CR 3R I AL 4T § is
22 ERTR, RUETE TVB-N $8 b5 5 5000 o 255 5w b 2 4'6_
THAbTE bR, (HEEMACKE, ®mitikss A ERC-RF & R 50 100 150 200 250
VE TR IR RS K R L AR Y, HLA R v ) T Sample number
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Fig.8 Relationship between the true and predicted values

of the four physical and chemical indicators
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