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ABSTRACT: Objective To achieve rapid and non-destructive detection of lactic acid and total acidity during the

fermentation process of sour meat. Methods Ultilizing hyperspectral imaging technology, spectral reflectance
images in the range of 408 to 1049 nm were collected to obtain spectral information of sour meat at different
fermentation stages. After extracting the reflectance spectra from the regions of interest in the images, the
kennard-stone algorithm (KS) was employed to divide the data into training and testing sets. The raw data underwent
preprocessing through standard normal variate transformation (SNV) and multivariate scatter correction (MSC),
followed by model establishment using partial least squares regression (PLSR). Feature wavelengths were extracted
using the successive projection algorithm (SPA), competitive adaptive reweighted sampling (CARS), and
uninformative variable elimination (UVE). Models were developed based on PLSR and compared with
full-wavelength prediction models. Results The optimal prediction model for lactic acid in sour meat was
SNV-CARS-PLSR, with a coefficient of determination (R) of 0.9113 and a root mean square error of cross-validation
(RMSECV) of 0.7236 for the training set, while the testing set yielded an R? of 0.9104 and RMSECYV of 0.7342. The
MSC-CARS-PLSR model for total acidity demonstrated the best predictive performance, with training set R® and
RMSECYV values of 0.9307 and 0.6782, respectively, and prediction set R and RMSECV values of 0.8682 and 0.6907.

Conclusion The models constructed using hyperspectral imaging technology have the potential to enable rapid and

%16 &

non-destructive detection of lactic acid and total acidity in sour meat, indicating significant application value.

KEY WORDS: hyperspectral imaging technology; sour meat; lactic acid; partial least squares regression
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(250 mmx46 mm, 5 pm)(GEELHEREHE A H]); HHS-21-8
AU E P IR K R AR (VR S A BRA Al BRIP4 );
Neol600 1= ¥4 ¥k 250 ([ ) B A= 9 B 7 B B s e A PR
25Hl); AE224 A3HT KRS EE 0.001 g, A SR AU HE
2o
1.2 LWHEE
1.2.1 Hamaghl &

REERMIE: SR DISEOR, Jemasin 16% K4
1%ER TR A5, BN & BERETE IR A . AT
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Sy T LA BRI S B bR AR B EEAR DG G, R
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BB U AR E B RO, 384 M A & N AR A
(competitive adaptive reweighted sampling, CARS)I|3& A T
BB AR Z RN, T XE R LR HRIE
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TR S RS RUAGIN PR R S PR 1o A 2R A
IR P E REL(R) M )5 MR 22 (root mean square error
of cross-validation, RMSECV)JEIFA#HY . X4 R 1 A
RMSECV 23 0 i, FoR Il ZREBAL AT B2 o my, Tl 14
REEAER, 3 1 58 RHIE TR [F) 32 43 40 9 RMSECY,
WEFE RMSECV fie /M 32 U4 BOVE e 5 e £ 1 40 %K,
s & iE L R 5 RMSECV 54 1A BB 2 32 104 250 36 m,
PR R2 (R #2230, RMSECV {8 2334 g/ 7E 1 %%
AR, Y R {EBELEA, H RMSECV {HART % R
B, RIACH R e &R m IR .
1.2.6 A HLERN T

S5 SCRR (2317 R AEIE 2, FRIL S5 g IRIAAE, A
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A 8 min J&, 7E 4 °CFLL 10000xg B.L> 20 min, UK
£ FEWOFEARE 50 mL, B 1 mL $2BUGK, #id 0.22 um
IKFRIUERLIS, A = OB TS T 5T

3 451 C g (250 mmx46 mm, 5 pm), FRBIH: A

M EE, B A 0.1%B582, 20 bh: 2:98; #:ii: 30 °C, JiH:

0.8 mL/min, #EAEHEE 20 pL, KK (214 nm), KA
FROMR I 5% 45 TG HILIR S o

A LI IR 2] BRI B S (FLIR 2 mg/mL .
SEIRAR . BRIMR . HRR . WARR. FrERR 1 mg/mL), T
AR AR AR BRI, P — ZR 50 M BEAR R (FLIR 0.04.,0.08
0.12, 0.16, 0.20, 0.40, 0.80, 1.20, 1.60, 2.00 mg/mL, 3
R . BEFIRR . FLRR . AR, FTIFIR 0.02. 0.04. 0.06.
0.08, 0.10, 0.20, 0.40, 0.60., 0.80, 1.00 mg/mL). #RJF#%
HE R g A R TRE SR A3HT, DU Ry X Bill(g/L), XF
VT AR Y R, A5 BB EI L A RN 1 PR

x1 BENERIRERZE)TSE
Table 1 Regression equations of standard curves for various
organic acids

HPLBR AR a1y )5 #2 LS ()
AR Y=469.97X+0.08 0.99994
R Y=1198.21X+0.26 0.99999
BRI Y=760.99X-1.09 0.99998
TR Y=8211.54X-43.05 0.99981
AR Y=2459.41X+2.42 0.99999
TR Y=1026.09%+0.25 0.99999

127 XBEAZ6NE

34 GB 12456—2021 (&b & E EhriE &b
BRI RE ) S5 — IR R AR FE 7~ 351 1% 5 5 I 5 o
1.3 HIENE

{611 MATLAB2022b S B Hc b FUAH BT
K Origin 8.6 1 &, SPSS 22.0 #E4743#7 .

2 HER5HH

21 BAAkEIEPAINRIEZNSH

A LIRS K 1 A U S B B SR R K, T
FLAE—E R R MR R A2 s S50B A
8% 5 o T A () T I R A PILIR, 4 SRR
GR 2), A RBERET, FURES ERm, TR ARN
R A LR, AR S R RIS LR R Y R I IR
R A VLR — S A WY, 755 30 d iR F iR
H4 25.10 mg/g, HhJSZEMFEAL, P& A el
Je AR S, RFIITE K 0, LR T R B A0 i BR Bl AR
IR, AR R R I ) e kAL & e AR FL
MR, SEGLREE BT BE KB BHERS, FLRR R 1Y
I PR AT RESZ W5, 07 LR B AT R BRI 26 1R A8 e (n
pH TR EIRYITHAERAE) Mk, T ECLRR A iR
REAIG, T EL™ A= A FLIR AT BE AR A Wy N BT L TR
A e AR, SRR L BRHIRR . FRRARA T LR Y
TR R N AR AL JC I B R, SRR AE R R AR
H S LR A S R MR A A A O LR . R, K
L LR R AT BEAS A X IS, BOZ AR AR TE K IR
BErpORTERR, AT EOE IR & SR B0, R
R, BRFRR A A AN AE AT AEIA BT #PIR ST, S8t
SR KRR, A R R AU e
AR, DR AR S B ORI . AR . A R
Kth, PRI —RIRIAI T i — R R Y, HIFZ
FLIR TR A B B TERR VEIRSE T A 5 LR BR BATRIR . AT
bR, A AR AT AU B H A AR A AR T e L,
SRR . ARSI 00 TR S RS A e U
TR REAC Sl A BE A DIRROG, AL R e
R A BT T AILRR & 0 (4 2 S SRR & . BT 1 R
N4 FEHRRGLER . SRR BRUIARR . FIR) 5 B AR
LIRS . FLIR S B HLIRAAHSC R BN 1.000, KW

®2 ABHEZBNBRSEL L (ng/g)

Table 2 Changes in the content of various organic acids during fermentation (mg/g)

REERE TR HIRR BRI R AR TR
0 4.79+0.21° 1.15+0.05* 0.77£0.04 0.047+0.00"
5 12.02+0.63° 0.49:+0.08¢ 0.27£0.02" 0.057+0.00°
10 15.08+1.64° 0.57+0.05¢ 0.48+0.01° 0.064+0.00°
15 16.52+1.28° 0.81+0.06° 0.25+0.04" 0.081+0.00°
20 15.67+2.43° 0.61+0.03° 0.75+0.21% 0.095+0.01°
25 24.94+0.93" 0.78+0.03" 0.73+0.03¢ 0.073£0.011°
30 25.10+0.75° 0.84+0.02° 0.87+0.07° 0.072+0.00°
35 20.79+0.55¢ 0.62+0.03¢ 0.77+0.03% 0.049+0.01"
40 23.95+1.58" 0.510.04° 1.06+0.05° 0.037£0.018
50 15.060.62° 0.61+0.01° 1.19+0.03* 0.0510.00"

TE: WSV EHREARE AN F/NG - BER 7R 28 53 135 (P<0.05); -FR A i
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Fig.l1 Correlation analysis between individual organic
acids and total organic acids
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Fig.2 Changes in total acid content during fermentation
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Table 3 Modeling performance of PLSR for lactic acid and total

#3 PLSR WHER. SEEFUMNEILEEYR

acid prediction using full spectrum

AL P Wl Zde i £
) TN A5 Y

Jis R RMSECV R RMSECV
- MSC-PLSR  0.8432 09973  0.7871  0.9265
# 75y

SNV-PLSR  0.8436 09678  0.7936  0.9073
- MSC-PLSR  0.7967  0.9293  0.7457  0.8473
- SNV-PLSR  0.7429  0.9345  0.7246  0.8217

Kl 5 diyAs g BH R A Sy, RS BRI R B R
&, I RMSECV ik ERAK, AritFeft 28 &4 & ik
fho %, Wil CARS Wik 2L AR FAEAS &, &
B 14 AF0 15 A FER A UVE Bk, BEBEE N 0.95,
F R ECH 20, %EESLE@ FIEB LR 6, Fo A MIEELk R
TR R B GRS R PR R E A, Ao 2T €2 il 4R 3R VS i AL I

FE PGSR, 0T M 4% i 2 2 R A 6315 B s o Tosk
-
= w0
jﬁ 200 L
x 100
= 0
;E:é 0 10 20 30 40 50 60 70 80 90 100
RAEHETTIREL
C

1.3

RMSECV
e =
9 o

"0 10 20 30 40 50 60 70 80 90 100
RAEBFTUEL

0 10 20 30 40 50 60 70 80 90 100
FRAEBITUEL

5 EBIBR, HARE S
T 53 AMF 314
FETEIE AL K2 SPA. CARS. UVE kg K
156G PLSR Sy TR, 4558 0L3% 4. 3k 4 Wl A1, ML
FHALFE, AR S, PLSR BEHY (4 T3 I A58 14— 25
5, HPFLERNY SNV-CARS-PLSR HEHI v fefetE, Y%k
£ R} 0.9113, RMSECV A 0.7236, {lli{4E R 4 0.9104,
RMSECV 2} 0.7342, SR MSC-CARS-PLSR 7 [ il
MR, V1254 RRATRMSECYV 4 0.9307 #10.6782, T
A R F1 RMSECV 7 0.8682 F1 0.6907, 7 H EL I T
W PEBE o 5 H oMb B A M Hk, SNV-CARS-PLSR #I
MSC-CARS-PLSR #RI7EMIXAE Y R B &, RMSECV
fiK, BERZEA SR E LW EREE, BrlRA SR
HOR R, Hilill RMSECV fIX, FMAARFSE B 7. PLSR 5
TSR PR A T ok e v L R R R 1 S fb R A AT R AT

U B SR RFIE R Y, 43 51 2 11

B T
B
&
]E 400
) 300
200
¥ 100
=0
;:?7 0 10 20 30 40 50 60 70 80 90 100
= SRAEBITUEL
D
g 1.0
208
2 06
0 10 20 30 40 50 60 70 80 90 100
KBTI
F & 400 o
% 200 =

R 0 f ek it

T 200t =

0 10 20 30 40 50 60 70 80 90 100
FAEIBFTIER

H:A. CHME. 3LE2;B. DM F. KR,

& 5

T CARS HIFHIEP b H

Fig.5 Feature wavelength selection based on CARS

w /h

i »\h

’ MM‘\ y‘rm mn \

‘\
0 Jh q\ m Il u ! HHH“(

\ﬁ“\ 1 \‘ ‘\n‘ ‘\u‘ ‘ “ ‘H Il “ \‘\UH Uu"’
\

\‘ h N \1‘

oF - “ ! \u
\ l I

H“‘ \\ ‘

-15F

1 1 1 1 1 1 1 1 1

0 50 100 150 200 250 300 350 400 450
HIOLE

B

10 ‘

6
4t |
gﬁﬁw .

M, I ‘WM

w‘ ‘\‘\ l\l,\ \"“N\'“ﬂ\ ‘

H ‘J\’
’Hl\ | }‘ \‘
| \"u” |
—6F “I‘ U\‘ ‘\
Sy H’u
B N

0 50 100 150 200 250 300 350 400 450

HIOGiE

6 H:T UVE MRFIERICIESE
Fig.6 Feature wavelength selection based on UVE



194 L 22 A TR AR I A 4 516 %
#F4 ET SPA. CARS. UVE REFHERKXTIE. BEREE PLSR ZEMRILE
Table 4 Comparison of PLSR modeling performance for lactic acid and total acid content based on feature wavelengths
extracted by SPA, CARS, and UVE
Pl A
LOELY N LRy
R RMSECV R RMSECV
MSC-SPA-PLSR 0.8593 0.9665 0.7602 1.5078
MSC-CARS-PLSR 0.8880 0.7296 0.8613 0.8610
. MSC-UVE-PLSR 0.8404 0.8879 0.7820 1.6328
m SNV-SPA-PLSR 0.8495 0.9621 0.8255 0.8943
SNV-CARS-PLSR 0.9113 0.7236 0.9104 0.7342
SNV-UVE-PLSR 0.8534 0.8561 0.8544 0.8670
MSC-SPA-PLSR 0.9048 0.9161 0.8138 0.8325
MSC-CARS-PLSR 0.9307 0.6782 0.8682 0.6907
i MSC-UVE-PLSR 0.8146 0.9150 0.7176 0.8630
SNV-SPA-PLSR 0.8827 0.6910 0.8501 0.7242
SNV-CARS-PLSR 0.9258 0.8341 0.8591 0.7255
SNV-UVE-PLSR 0.8849 0.8238 0.8642 0.7633
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