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Abstract: The production of soy sauce is crucial in the food industry. This study aimed to achieve the rapid detection
of eight physicochemical indexes of Cantonese soy sauce, namely the content of amino acid nitrogen, total nitrogen, soluble
salt-free solids, total acid, ammonium salt, total sugar, reducing sugar, and salt. To achieve this goal, first, quantitative
prediction models were established for these physicochemical indexes using near-infrared spectroscopy (NIRS). Specifically,
the NIRS spectra of Cantonese soy sauce were processed with five spectral preprocessing methods and two feature band
screening methods, and the processed spectra were used to construct quantitative prediction models through partial least-
squares regression (PLSR) and support vector regression (SVR). Next, the performances of the models were compared to
screen the optimal quantitative prediction models. The results showed that compared with the PLSR-based quantitative
prediction models, the SVR-based quantitative prediction models had higher coefficients of determination (R”) and lower
root-mean-square errors, indicating that the SVR-based quantitative prediction models were superior after abnormal sample
removal, preprocessing, and feature band screening. The R” values of the training and test sets for each physicochemical
index were between 0.991 1~0.962 1 and 0.977 9~0.857 9, respectively. Furthermore, the optimal quantitative prediction
models screened for each physicochemical index was externally validated. The absolute error between the predicted and
chemical values of each index of the Cantonese soy sauce was < 1.31, and the #-test results showed that there was no significant
difference between the two groups of data, indicating that the quantitative prediction models can quickly and accurately detect
each physicochemical index of the Cantonese soy sauce. The proposed models can quickly and nondestructively determine
eight important physicochemical indexes of Cantonese soy sauce in the fermentation process, laying a foundation for quality

control in the actual industrial production process of soy sauce.
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Table 2 The main evaluation parameters of PLSR quantitative model of soy sauce samples with different spectral pretreatment methods

AL T ik PCs R’c RMSEC R’p RMSEP

NONE 11 09897 00199 09147  0.0168

SG 11 09895 00202 09184  0.0164

EABAR MSC 10 09875  0.0218 09605  0.0110
SNV 10 09880  0.0214 09465  0.0122

MSC+SG 10 09874 00219 09604  0.0111

SNV+SG 10 09879 00215 09465  0.0122

NONE 11 09822 00363 09580  0.0210

SG 11 09819  0.0366 09587  0.0208

S MSC 10 09812 00371 09466  0.0250
SNV 10 09823 00360 09534  0.0220

MSC+SG 10 09809  0.0373 09468  0.0250

SNV+SG 10 09821 00362 09538  0.0219

NONE 12 09803  0.0076 09615  0.0078

SG 12 09797 00077 09618  0.0077

a MSC 12 09837  0.0070 09385  0.0092
SNV 12 0.9837  0.0070 09388  0.0092

MSC+SG 12 09836  0.0070 09341  0.0096

SNV+SG 12 09835  0.0070 09356  0.0095

NONE 13 09731 02508 09636  0.2836

SG 13 0.970 8 0.261 09649  0.2784

L MSC 9 09632 02919 09627 02676
o SNV 9 09632 02922 09638 02644
MSC+SG 9 09625 02947 09641  0.2630

SNV+SG 9 09626 02944 09642  0.2630
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gR2
L2 7 ik PCs Rc RMSEC R’p RMSEP
NONE 12 09668 02721 09414 03586
SG 12 09651 02789 09421 03563
. MSC 9 09522 03225 09547  0.2960
SNV 9 09530 03196 09510 03071
MSC+SG 9 09514 03247 09548 02593
SNV+SG 9 09523 03216 09512 03064
NONE 9 09704 05502  0.8923  0.3993
SG 9 09702 05517  0.8923 03990
T A MSC 7 09674 05712 09531  0.3004
B 4 SNV 8 09683  0.5635 09431 03173
MSC+SG 8 09671 05736 09537 02984
SNV+SG 8 09680  0.5659 09439 03151
NONE 10 09269 01934  0.8843  0.1966
SG 10 09263 01942  0.8828  0.1959
. MSC 9 09273 01955 08927  0.1697
SNV 9 09271 01957  0.8898  0.1703
MSC+SG 9 09261 01969  0.8931  0.1693
SNV+SG 9 09259 01971  0.8902  0.1699
NONE 13 09513 00934 08561  0.1065
SG 13 09490 00954 08570  0.1062
e MSC 12 09512 00938 08083  0.1039
o SNV 12 09529 00922 07990  0.1072
MSC+SG 12 09478 00968 08136  0.1025
SNV+SG 12 09505 00944 08006  0.1070

% 3 AEEETALE T A& EmRIOELIERSVREERENEEITMNSH

Table 3 The main evaluation parameters of SVR quantitative model of soy sauce samples with different spectral pretreatment methods

AR 7 ik Rc RMSEC R’p RMSEP
NONE 0.986 6 0.022 6 0.904 2 0.016 4
SG 0.989 0 0.020 7 0.9322 0.014 1
MSC 0.9396 0.0199 0.9318 0.0133
RAEBAR
SNV 0.989 5 0.020 1 0.9332 0.0132
MSC+SG 0.990 0 0.019 6 0.9363 0.0129
SNV+SG 0.990 1 0.019 5 0.9374 0.012 8
NONE 0.9850 0.033 3 0.946 8 0.022 7
SG 0.9856 0.0325 0.942 8 0.023 2
. MSC 0.981 1 0.0372 0.958 0 0.020 4
SNV 09815 0.036 6 0.954 2 0.020 8
MSC+SG 09811 0.036 9 0.9537 0.0210
SNV+SG 0.981 8 0.036 4 0.955 1 0.020 8
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k3
AL 2L 5 ik R’c RMSEC R’p RMSEP
NONE 0.984 5 0.006 7 0.951 0 0.009 4
SG 0.983 8 0.006 8 0.950 9 0.009 4
MSC 0.983 4 0.007 1 0.950 5 0.008 5
4
SNV 0.9850 0.006 7 0.9510 0.008 4
MSC+SG 0.985 4 0.006 7 0.947 6 0.008 9
SNV+SG 0.9850 0.006 8 0.948 7 0.008 8
NONE 0.968 4 0.269 8 0.966 8 02744
SG 0.967 4 0.274 1 0.966 8 0.274 6
. MSC 0.964 7 0.2855 0.966 1 0.264 4
o SNV 0.9750 0.244 1 0.968 1 0.261 5
MSC+SG 0.974 2 0.2479 0.967 7 0.262 6
SNV+SG 0.9749 0.244 5 0.967 9 0.261 7
NONE 0.989 1 0.156 1 0.942 5 03426
SG 0.988 8 0.1579 0.942 4 0.342 8
MSC 0.9755 0.233 5 0.963 6 0.268 8
L JRAE
SNV 0.968 2 0.265 2 0.956 4 0.298 8
MSC+SG 0.9757 0.2329 0.964 2 0.267 4
SNV+SG 0.969 2 0.261 4 0.956 6 0.299 0
NONE 0.976 1 0.501 8 0.944 7 02990
SG 0.976 3 0.502 0 0.948 2 0.291 8
MSC 0.979 1 0.463 2 0.962 7 0.2619
ST A B
SNV 0.979 3 0.460 8 0.961 8 0.264 5
MSC+SG 0.972 1 0.538 6 0.961 4 0.273 7
SNV+SG 0.978 7 0.467 5 0.961 8 0.264 5
NONE 0.9515 0.158 7 09145 01678
SG 0.951 8 0.158 3 0.915 4 0.167 8
SHhE MSC 0.926 0 0.198 5 0.913 3 0.150 8
SNV 0.9255 0.199 0 09133 0.150 7
MSC+SG 0.925 6 0.2020 0.913 5 0.150 6
SNV+SG 0.9259 0.199 2 0.9145 0.150 2
NONE 0.943 7 0.099 7 0.784 2 01229
SG 0.945 2 0.098 2 0.775 3 0.123 7
o MSC 0.963 0.081 0.834 4 0.098 9
o SNV 0.961 0.083 0.833 4 0.099 5
MSC+SG 0.964 6 0.079 5 0.834 6 0.099 3
SNV+SG 0.966 1 0.077 9 0.8352 0.099 8
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R4 TRERGATERAREES T EREROEBELERNEZITENSH
Table 4 The main evaluation parameters of physicochemical indexes of soy sauce samples under different band screening methods
and different modeling methods

WE SRRk TR RER Rc RMSEC R’p RMSEP
MSC-CARS PLSR 35 09887  0.0208 09700  0.0103
PR MSC-RF PLSR 50 09405 01033 08661  0.1065
SNVSG-CARS ~ SVR 2 09887 00208  0.9573 0.011
SNVSG-RF SVR 20 09911 00180 09772 00142
NONE-CARS ~ PLSR 32 09811 00374 09637 00205
i NONE-RF PLSR 50 09804 00380 09644 00184
MSC-CARS SVR 14 09828 00355 09764 00152
MSC-RF SVR 30 09821 00365 09604 00180
NONE-CARS ~ PLSR 42 09764 00085 09661  0.0063
i NONE-RF PLSR 30 09732  0.0088 09662  0.0070
SNV-CARS SVR 24 09846 00069 09544  0.0082
SNV-RF SVR 30 09799 00079 09534  0.0079
NONE-CARS ~ PLSR 39 09726 02557 09733 02389
o NONE-RF PLSR 50 09633 02956 09727 02370
o SNV-CARS SVR 24 09820 02134 09730  0.2278
SNV-RF SVR 35 09751 02488 09725 02383
NONE-CARS ~ PLSR 46 09613 02862 09523 03253
. NONE-RF PLSR 60 09601 02985 09550  0.3013
MSCSG-CARS ~ SVR 27 09585 03086 09588  0.2655
MSCSG-RF SVR 20 09800 02132 09612 02855
MSCSG-CARS ~ PLSR 26 09760 04922 09365 03545
A MSCSG-RF PLSR 40 09664 05662  0.964 1 0.329
MSC-CARS SVR 41 09793 04462 09779 02694
MSC-RF SVR 30 0.971 05303 09718 0.297
MSC-CARS ~ PLSR 35 09372 01812 09167  0.1621
. MSC-RF PLSR 30 09307 01864 09214  0.1649
SG-CARS SVR 79 09638 01364 09216  0.1588
SG-RF SVR 50 09517 01548 09234  0.1685
NONE-CARS ~ PLSR 32 09438 01014 07909  0.090
L NONE-RF PLSR 50 09405 01033 08661  0.1065
R SNVSG-CARS ~ SVR 30 09691 00751 08491  0.0954
SNVSG-RF SVR 30 09621 00847 08579  0.0858

2.4 AR B iRk

RN T DR E R P T M RE, PR
HRPE, BT B AT R AR B B e . AW SR
7 CARS 1 RF FiEHATIR B ML, PLETRbRi LT
AT RS S /N A3 (PLSR) FISZRF A &
[FH (SVR) XA [FIHFAE S Bk 77 7% 5 16 v i
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Fig.4 Comparison of parameters of quantitative model

evaluation parameters of Cantonese soy sauce samples under

different modeling methods
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AR — DA SRR, SRR
Ak AR AELR PR o

2.5 MAZE T KIFM

i UL SR, BLS R R LR S
OB 5057 R 22 {5 N MATLAB #cfF b, R

F SVR S AN [A] R BB B 20 v S BRI A
BES TR EEY . AR, B, BB 8
JEBE LK B 43 T 24N e e E R, Sk
I A ER A TR AR A S S T 2 A M R T 2
EIA R R, B 6 R 2 M bl & BEAG TR AR 1)
AR B A B, 25 o8 &I E b
1) SVR et 2 S A B Ge it 45

45 B R, 1% SVNSG-RF-SVR & & il #
R A PR IR AR R O RO A
He, FERSENEERA R INGERERZKR
790991 1, WZREEHTTHRZE RMSEC 4 0.018 0,
MR EE R E ZEL R 9 0.977 2, MRS 7 MR 2
RMSEP 4 0.014 2 ; BRI 2 A Rl SR 4E v e
RER 0962 1, YIZEL TR ZE RMSEC N
0.084 7, MARE T RE R~ 0.857 9, ML
JTARIRZ RMSEP 5 0.085 8.

i% Fl SNV-CARS-SVR & & T A 2 % | 5K %
Wb R SRS . Ho, EER I EE
BRI R R E RELR 9 0.984 6, WIZREHJT
R % RMSEC 4 0.006 9, W& E R R N
0.954 4, MR TH IR Z RMSEP 24 0.008 2 5 A
i) s AR AL P R R e BB R M 0.982 0, Il
TR RMSEC 9 0213 4, MR UL E 28 R
7909730, MEREEI LR Z RMSEP 24 0.227 8.

1% MSC-CARS-SVR 5 5 Tl A A ot | 2 3 vl
A% AR N AR . Hoh, &
R BB e RE R N 0982 8, Ik
FE TR AR % RMSEC 4 0.035 5, MRS E 28
R’ 0.976 4, MARHELL 7 1% 2 RMSEP 4 0.015 2 5
AT R [ T4 1 AR R U R s R B R
90979 3, WZEEI T 1R % RMSEC 2~ 0.446 2,
MR EE R E ZE R 9 0.977 9, IRAE L 7 MR 2
RMSEP 74 0.269 4.

1% Fl MSCSG-RF-SVR 5 2 T 4% 78 x5 |~ 5 %
TH RO R RTINS A . SR, I EURE A B
Rl R ke REL R 9 0.980 0, VIIZREE TR
7 RMSEC 40213 2, M YT RE R 7 0961 2,
MR L) )5 MR 5% 2 RMSEP 4 0.285 5,

1% H SG-CARS-SVR 5 5 Fil AR A5 |~ 0% ik
HE R ETIACR etE . Ho, SEhER e ERA
R g RELR N 0.963 8, YIZREEL 7 iR
Z5 RMSEC 4 0.136 4, MiRAE k€ REL R N 0.921 6,
TR TR %2 RMSEP 4 0.158 8.
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Fig.5 The correlation graph between the real value and the predicted value of near infrared in Cantonese soy sauce
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Fig.6 The optimal band distribution results of various physicochemical indexes of Cantonese soy sauce samples
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Table 5 Statistical table of SVR optimal quantitative prediction model for various physicochemical indexes in Cantonese soy sauce

F547 BART % EEH R’c RMSEC R’p RMSEP
RIBRAR SNVSG-RF-SVR 20 0.991 1 0.0180 0.9772 0.0142
g MSC-CARS-SVR 14 0.9828 0.0355 0.976 4 0.0152
E SNV-CARS-SVR 24 0.984 6 0.006 9 0.954 4 0.008 2
A SNV-CARS-SVR 24 0.9820 02134 0.973 0 0.227 8
&SR AE MSCSG-RF-SVR 20 0.980 0 02132 0.9612 0.2855
T EFY  MSC-CARS-SVR 41 0.9793 0.446 2 0.9779 0.269 4
SHhT SG-CARS-SVR 79 0.963 8 0.136 4 0.921 6 0.158 8
N8 SNVSG-RF-SVR 30 0.962 1 0.084 7 0.8579 0.0858
* 6 WESMRIIELR
Table 6 Model external validation results
LR Hths KA TURME AR E LR Houths FAME  FRME 4R E
1 0.77 0.78 0.01 1 1.33 1.32 0.01
2 0.90 0.94 0.04 2 1.48 1.52 0.04
3 0.92 0.94 0.02 3 1.50 1.52 0.02
4 0.95 0.90 0.05 4 1.51 1.49 0.02
5 0.96 0.95 0.01 5 1.53 1.52 0.01
6 0.97 0.97 0.00 6 1.51 1.53 0.02
BAEAF 7 0.96 0.97 0.01 AR 7 1.51 1.54 0.03
8 0.82 0.81 0.01 8 1.26 1.25 0.01
9 0.89 0.86 0.03 9 1.28 1.32 0.04
10 0.97 0.99 0.02 10 1.35 1.33 0.02
11 0.99 1.00 0.01 11 1.34 1.34 0.00
12 1.01 1.01 0.00 12 1.37 1.36 0.01
13 1.02 1.00 0.02 13 1.37 1.36 0.01
14 1.01 1.01 0.00 14 1.38 1.37 0.01
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&R 6

FAT Houths FAME  FRME iR £ FEAT Hombhs ERME FOME xR E
1 0.08 0.09 0.01 1 17.68 17.56 0.12
2 0.11 0.13 0.02 2 19.21 20.52 1.31
3 0.12 0.13 0.01 3 19.98 20.62 0.64
4 0.13 0.12 0.01 4 20.23 19.77 0.46
5 0.14 0.14 0.00 5 20.13 20.38 0.25
6 0.15 0.15 0.00 6 20.27 20.57 0.30
G 7 0.15 0.15 0.00 TN T 2 7 20.19 20.56 0.37
8 0.14 0.13 0.01 B 4 8 16.99 16.67 0.32
9 0.17 0.17 0.00 9 17.06 17.13 0.07
10 0.23 0.23 0.00 10 17.14 17.41 0.27
11 0.25 0.26 0.01 11 17.47 17.17 0.30
12 0.25 0.25 0.00 12 17.31 17.04 0.27
13 0.26 0.25 0.01 13 17.48 17.55 0.07
14 0.25 0.26 0.01 14 17.85 17.06 0.79
1 6.50 6.75 02 || 1 17-j88 17-j86 0})2
2 7.80 8.15 0.35 2 17.53 17.34 0.19
3 7.90 7.71 0.19 3 17.16 17.29 0.13
4 8.30 7.65 0.65 4 17.21 17.34 0.13
5 8.20 8.03 0.17 5 17.23 17.23 0.00
6 8.10 791 0.19 6 17.87 18.40 0.53
S 7 7.90 8.19 0.29 P 7 17.35 17.26 0.09
8 5.50 5.50 0.00 8 16.61 16.85 0.24
9 5.20 5.20 0.00 9 16.74 16.40 0.34
10 3.60 3.54 0.06 10 16.72 16.82 0.10
11 3.00 2.98 0.02 11 16.81 16.75 0.06
12 3.10 3.05 0.05 12 16.65 16.79 0.14
13 3.30 3.28 0.02 13 16.66 16.56 0.10
14 2.80 2.81 0.01 14 16.45 16.55 0.10
1 6.80 6.41 030 || 1 1:-20 1.“39 0?19
2 7.20 7.50 0.30 2 1.35 1.46 0.11
3 7.90 7.67 0.23 3 1.40 1.42 0.02
4 8.00 7.73 0.27 4 1.46 1.33 0.13
5 7.80 7.78 0.02 5 1.61 1.49 0.12
6 7.60 7.78 0.18 6 1.68 1.50 0.18
7 8.00 7.58 0.42 7 1.78 1.71 0.07
ERA% 8 5.40 5.03 0.37 B 8 1.44 1.50 0.06
9 5.00 4.90 0.10 9 1.58 1.62 0.04
10 3.50 3.28 0.22 10 1.93 1.95 0.02
11 3.00 3.10 0.10 11 2.09 2.28 0.19
12 3.10 3.12 0.02 12 2.19 2.25 0.06
13 3.00 3.22 0.22 13 2.23 2.22 0.01
14 2.70 3.11 0.41 14 2.00 2.39 0.39
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Table 7 The #-test results of the measured values and the near-infrared predicted values of soy sauce samples
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