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Abstract: Storage time has a crucial effect on the quality of cabbage. Identifying the optimal storage time mainly
relies on manual experience, which is not accurate and reliable. This study aimed to establish a stoichiometric recognition
model based on Raman spectrum to calculate the storage time of cabbage. The Raman spectra corresponding to different
storage times of cabbage heart were evaluated. Principal component analysis (PCA), support vector machine (SVM), and
linear discriminant analysis (LDA) were established by testing the Raman spectra of cabbage heart every 48 h after harvest.
The results showed that soluble sugars, cellulose, soluble proteins, and carotenoids were the main components affecting the
storage quality of cabbage. The classification accuracy of linear and polynomial functions of the SVM model and verification
set were 97.75 and 97.34%, respectively, and the classification accuracy of the SVM model and verification set were 97.50%
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and 96.00%, respectively. The classification accuracy of the LDA quadratic function model and the verification set were

99.00% and 97.00%, respectively. Both SVM and LDA models based on Raman spectrum effectively identified different

optimal storage times of cabbage. Thus, this study provides reference and technical support for the identification of cabbage

freshness based on storage time.
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Table 2 SVM model training accuracy under different

hyperpareameters
Accuracy/% C=0.01 C=0.10 C=1 C=10 C=100
y=0.01 96.51 97.01  96.51 96.51 97.01
y=0.10 97.01 96.84  96.67 97.01 96.67
y=1.00 97.17 9634  96.51 9734  96.67
y=10.0 97.17 97.01  97.17 97.17  96.84
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Table 3 SVM classification results of validation set

Confusion m Actual Level 1 Level 2 Level 3 Level 4 Level 5

Predicted 1d 3d 5d 7d 9d

Level 1 1d 30

Level 2 3d 2 46 3
Level 3 5d 48

Level 4 7d 1 30 1
Level 5 9d 1 38

25 1 5 PO ST SVML H i 4 R xof 35 3R 7 4
AT, R GG e U B ST AR A AN AR, R
H SG Pl Bl bRl S A 5 T AL BE A
PRI R A= BRI E F AR A B
P27 b S T, ST s R 4 AT
(PLS-DA) FIBENLARM - K H L CITRiE RF B0
HEE AR RF-VS) P27 1oy 888, 218
AN R 3 A AR ORI I i v R . T A IR SR
REiE R SVM LR (AN ] bR A A LA X S HUH A T
FIR A BRI, TSI O A [R] I e B (]
P12 T (15 o

134

24 HTLDAL M4 E#A

LDA &l — AN & IR SR ff 2 FEAS 7 2R 11
MG S, ZAER ] DU T X R B A AT 7
Ko NiEE B EEE, KA PCA-LDA ¥
B8 N7 S0 SR [E] A R S IR R, T 10 A8
B UE P T B8 43 ERORN ) S BRSO AR R o SRR R
sz, 255K 6 Frs.

100
90 -
X
& 80+
&
W 70l —=— Linear
R —e— Quadratic
—— Mahalanobis
60 -

2 4 6 8 16 1I2 14 16 18 20
FERH
6 FR 7 ET LDA REMEAERI M0
Fig.6 Effect of the number of PCs on the performance
of LDA model

W B2 B, 3 ) A TR g 4 K v
W B B G T %, R 3 R
J4) 551 R B 520 - Linear > Quadratic >Mahalanobis,
FE A EOKT 3 B, Quadratic H) 5] e85 S R
& T Linear 1 Mahalanobis 5] B8 %, A[E 1) LDA
S ) R R Stk S5 0 W K M 48 A B UF 1 40 2K, Essteki
228 PCA-LDA R 3R 5% - SRS 3 A [X 31
T I HE T 20k 98.00% LA F. FELIERR T, K
ORI TR A BRI AR IR AR, ik Ry
o7 wf, WA RS, 18 91.50%. IR T FERE R
R G 2R b 2R AR A R R R R v, T
WP B L, U R, R Rk 19
WUZRIE 99.00%. L [RERESHIA T BTR A3 AR b
LRI R AR BRI 17 I, IR
97.50%, ASZHGSE RS FFAE SR A LDA VR8T AEY)
ARSI S BAAR AL,  52PFSE NS PCA-LDA
B, 32 A RO R TR R, R SRR
REMET, XFASFIRE A IR 5 264 88.20% o

LR RN BIRE AR E M, 1%EHX Quadratic
FI AR R BN 19 857 LDA R RIRERY, %)
K AE4E 200 MREARFEAT AN IGAE, 4R WK 4.
32N 1 RFEARH 2 MEHRIANEE 3 K, 46 N 3
REEAH 2 NMERIT N 1 R, 31 M 7 REEAH
1 ANEHRITNSE 9 K, 43 N5 9 REEA TR 1 V48



MK ERBHL

Modern Food Science and Technology

2025, Vol.41, No.1

RIHNES 3 K. 200 MGIERFEA R H 6 > K EHR,
WHER X 97.00%
% 4 LDAHIBINHEER
Table 4 Results of LDA discriminant analysis

Confusion m Actual Level 1 Level 2 Level 3 Level 4 Level 5

Predicted 1d 3d 5d 7d 9d
Level 1 1d 30 2
Level 2 3d 2 44 1
Level 3 5d 48
Level 4 7d 30
Level 5 9d 1 42
3 ZEiR

AT S A 3 U AN [ T ek B 1) £ oz 2 e 1 gk AT T
ARG 0H, 454 PCA. SVM Al LDA =FhJ5 7
S U A [ BT i) P R AR B o s ) S0 I it 2
W) R SRR AR U6 S 1047 1087, 850, 624,
510,431 LA K 1230~1 4551 555~1 750 cm ' B At o
PC1~PC3 Z1af A S0 2O 038k 30128 Ak IR AE P i
BURTAVERESS . A4ERE. KA MR
HASE . PCA PRI 300 I [8) F B A 43 R R0 R
ANKEAE, SVM Fl LDA #8145 1R & 1R 51 2%
SVM LAY e 28 M A% R B 36 IE AR 0k 97.50%, 22 T
A R BUGAE A Rk 96.00% ; LDA FRAY rp 25 i
A RIS KR A U BB m iR RS B
TE R D72 PC H0M 19 BT AR AL U0 RS B2 5 e
1K 99.00%, ZAAY R IGIELE IR A 97.00%. £5E k-
Frid, 3T H 86 RE 7 1 SVM iR B4 AT LDA
PR B BEAR LR A O AN RN RN B, A Sk
B 1) 0 2 SR AR AT AT BRI AR IR A R 5%

(1] wOut, 20 57 ML VE 28, 55 5 1y 23 A HE 1y FRSE R 26 1 41
Sl 23 BT (R AR ST AL A6 1 43 98 [J] D6 2 5 6 1 4 A,
2022,42(10):3079-3083.

(2] ARFRRE AT, T A R TR VAN B IR0 i 4
POTIEIRNL[T] B 2 A BRI 2741%,2023,14(4):50-56.

3] #HEHEEITELT LS FET R 206 EORIE N
10 P DO OB I 7 VR AT (3] 6 1S A 5 R 4 b,
2023,43(2):484-488.

[4] W RH TR BT SVMAN ] WL/A 21406 H (10 3 5 7 i P55 Rkt
PRI FE[D]. MG AR AR AE ARl R 27,2022,

[5] PECINAR I, KRSTIC D, CARUSO G, et al. Rapid
characterization of hypanthium and seed in wild and
cultivated rosehip: application of Raman microscopy
combined with multivariate analysis [J]. Royal Society
Open Science, 2021, 8(3): 202064.

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

FARBER C, SANCHEZ L, PANT S, et al. Potential of
spatially offset Raman spectroscopy for detection of zebra
chip and potato virus Y diseases of potatoes (Solanum
tuberosum) [J]. ACS Agricultural Science & Technology,
2021, 1(3): 211-221.

BADGUJAR P M, WANG Y C, CHENG C L. A light-
mediated study of carotenoids in carrots (Daucus carota)
using resonance Raman spectroscopy [J]. Journal of
Raman Spectroscopy, 2021, 52(12): 2609-2620.
KOLASINAC S, PECINAR I, DANOJEVIC D, et al.
Raman spectroscopic-based chemometric modeling in
assessment of red pepper ripening phases and carotenoids
accumulation [J]. Journal of Raman Spectroscopy, 2021,
52(9): 1598-1605.

S B4 R AT S, R R, A R T R OGS AR R T AR
IR AR S 0] A AR IE A4H7,2020,3:59-64.

ZHANG X Y, HU W, TENG J, et al. Rapid recognition of
marine fish surimi by one-step discriminant analysis based on
near-infrared diffuse reflectance spectroscopy [J]. International
Journal of Food Properties, 2017, 20(12): 2932-2943.

LENG W, HE S, LU B, et al. Raman imaging: An
indispensable technique to comprehend the functionalization
of lignocellulosic material [J]. International Journal of
Biological Macromolecules, 2022, 220: 159-174.
SANAEIFAR A, YE D, LI X, et al. A spatial-temporal
analysis of cellular biopolymers on leaf blight-infected
tea plants using confocal Raman microspectroscopy [J].
Frontiers in Plant Science, 2022, 13: 846484.

E 3 BRB S RO, A o AL S 30 K R AR R AL
FIHLEEAIER [7]. 3R & F ABHEE,2022,38(5):96-107.
S5O R AL A I A R 2 1 AT ],
P2 25 94.,2020,26(9):34-36,48.

HIGGINS S, BISWAS S, GOFF N K, et al. Raman
spectroscopy enables non-invasive and confirmatory
diagnostics of aluminum and iron toxicities in rice [J].
Frontiers in Plant Science, 2022, 13: 754735.
NAGAYAMA T, NAKAMURA A, YAMAIJI N, et al.
Changes in the distribution of pectin in root border cells
under aluminum stress [J]. Frontiers in Plant Science,
2019, 10: 1216.

S, s 2R PR 4, 5 TR R S IR BOR (W)
AP PRIE IR [J]. B A BH7,2023,44(16):340-346.
CHYLINSKA M, SZYMANSKA-CHARGOT M,
ZDUNEK A. Imaging of polysaccharides in the tomato cell
wall with Raman microspectroscopy [J]. Plant Methods,
2014, 10(1): 1-9.

A, R KOG, A B T R SO AL S I E
B PRI [T J6E 2 5 6 4 1T,2023,43(1):183-189.
SR, A R R, R L SRR R LS VMR A
BEAL X 35 5 77 M AT IR A [7] .06 1 2% 5 )63 4 #,2023,
43(7):2252-2257.

2R PR R 2 51,55 2 T AR AR SO GIEHOR R 27
LSS TIIFFE 0] 6 25 55 e 43 4T,2022,42(6):1774-1780.
ESTEKI M, MEMARBASHI N, SIMAL-GANDARA 1J.
Classification and authentication of tea according to their
harvest season based on FT-IR fingerprinting using pattern
recognition methods [J]. Journal of Food Composition and
Analysis, 2023, 115: 104995.

135





