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Abstract: Objective This study investigated variations in color, odor, and spectral information of Curcuma wenyujin samples across
different storage periods, aiming to achieve rapid discrimination via machine learning and to infer characteristic differential components
through chemometric analysis. Methods Multi-sensor data fusion of color, odor, and spectral data was performed using discriminant

function analysis (DFA), soft independent modeling of class analogies (SIMCA), variable importance in projection (VIP), correlation
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clustering with heatmap annotation, and machine learning algorithms. Results A discriminant function based on color information
was established to classify different storage periods, and the corresponding parameter ranges were defined. Through screening of odor
profiles, nine characteristic differential components, including acrolein, propionic acid, and decyl acrylate, were tentatively inferred.
Furthermore, decision tree (DT) and ensemble learning (EL) classification models were developed based on “color-odor-spectrum”
data fusion. They achieved overall accuracies of 85.40% and 93.80%, respectively. The overall accuracies after testing were 91.7% and
100.00%, respectively. Conclusion Intelligent sensory technologies combined with near-infrared spectroscopy were demonstrated to
be applicable for rapid discrimination of storage periods, providing a novel strategy for the quality control of Curcuma wenyujin during
storage.

Key words: Curcuma wenyujinY. H. Chen et C. Ling; storage period; intelligent sensory; Fourier transform near-infrared

spectroscopy; characteristic differential components; multi-sensor data fusion
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Table 1 Sample information of 60 batches of C. wenyujin
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20230724-01~20230724-10 AR 4 W B 22
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A-(EEZERRTEE; B-2018~2019 4 (47 5~6 4F). 2020~2021 4 (F4F 3~4 4F) F12022~2023 4 (FAF 1~2 45) ARG EEER

b (5 2018~2019 4LEL%E:: “P<0.05

*P<0.01); C-ZMBEES M PCA K, D-14IRIESE 2 4540411 PCA E.

A-bar chart of color data; B-color parameter differences for 2018—2019 group (Store for 5—6 years), 2020—2021 group (Store for 3—4 years), and
2022—2023 group (Store for 1—2 years) (Comparison with the 2018—2019 group, "P < 0.05, **P <0.01); C-PCA plot grouped by year; D-PCA plot

grouped by consecutive two-year periods.
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Fig. 1 Analysis of differences in chromaticity values
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11252 L*—3.566 a*+10.708 b*—3.324 H"+ 17.048
CIRG; L@t ko ek 2 2018~2019 4H=
16 805.252 L*+78 195.771 a*—9 089.016 b*+
1295 433.368 H'+544 068.521 CIRG—2 082 264.032,
2020~2021 41 =16812.547 L*+78 196.369 a* —
9081.653 b*+1295 452.422 H*+544 314.829 CIRG—
2 083 419.804 1 2022~2023 41 =16 820.479 L*+
78 416.129 a*—9 151.192 b*+1 299 749.913 H*+
544 582.764 CIRG—2 089 968.117. ¥ —335)51%
HETAZ IR, 2018~2019 £H.2020~2021 4H. 2022~
2023 PR REIZR S A9 90.00%. 65.00%F
100.00%, 2 XEHIEAIHIZ A 83.33%- 65.00% 100.00%
(F£2). BOJFEIGL 90%SHAH I 145 H W 3.

22 ETHFENAENEFHRMESKE ST
221 HTFERNSHSHE

1) R 2% Al %o iy ST S A 2 3 ) A
AU, iy AT S R I 2% A 0« FE R 20 mLs
EEBFWIURIR L 40 C, HFEPHRZARE 250 C,
A ME 2 10 mL/min, fHEEFRSENA] 34 s;
HEFECHEEE 200 °C, RrIUZHEE 260 °C s WAL
70 °C, WHLEFA] 20 min, §EALIPEEE 500 r/min,
HEFEARRR 3 000 pL, HEFEARFIRE 125 pl/s, #F
FEFRSEIS (] 29 s, AR MVILEIRIE 40 C, HEM~E
FIHE R 4 C/ls £ 100 °C, 1 Cls £ 175 C,
0.5 C/s 2204 'C, 4 ‘C/s & 250 'C, {#¥F21s;
SRAEISIA] 202 s; FRFEE 1.0 g; FID 975 12.

*2 BEENZXEIEER

Table 2 Cross validation results of chromaticity values

5 L s
5 K Y 1L 4
H F 7 20182019 41 2020~2021 41 2022~2023 it
JR a5 T3 2018~2019 54 6 0 60
2020~2021 21 39 0 60
2022~2023 0 0 60 60
/% 2018~2019 90.00 10.00 0.00 100.00
2020~2021 35.00 65.00 0.00 100.00
2022~2023 0.00 0.00 100.00 100.00
T X IGAE T 2018~2019 50 10 0 60
2020~2021 21 39 0 60
2022~2023 0 0 60 60
FIAHR /% 2018~2019 83.33 16.67 0.00 100.00
2020~2021 35.00 65.00 0.00 100.00
2022~2023 0.00 0.00 100.00 100.00
=3 BEMNNE 0%SEETE
Table 3 Bilateral 90% reference value range for color values
ﬁéﬁ. L* (l* b* E*ah
2018~2019 59.851 5~60.406 9 5.649 0~5.824 7 16.128 9~16.483 4 62.274 7~62.864 2
2020~2021 59.434 2~60.439 5 5.248 5~5.458 8 15.3354~16.138 6 61.621 7~62.278 1
2022~2023 61.246 0~62.583 0 3.9314~4.016 6 14.486 1~14.901 2 63.691 3~63.6550
434 c H* CIRG
2018~2019 17.102 9~17.474 6 1.2285~1.236 5 1.238 8~1.244 2
2020~2021 16211 2~17.037 1 2.2983~23226 2.3139~23704
2022~2023 15.030 2~15.422 1 1.300 8~1.3112 2297 4~23470

(2) FEARTIN: BUAS [F) A7 S0 AR <A ik i A
K1 g S uL IEMEERE (nCe~nCie) TRA NI
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factor analysis, DFA) FHMST BRI (soft

independent modeling of class analogies, SIMCA).
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TER) AR S5 20 BB R S .l
SIMCA-P 14.1 Hfix (il S AT IE A e/ —
e | 5 4> #t C orthogonal partial least squares
discriminant analysis, OPLS-DA) LA VIP 43-#7.

223 HTEMAIROCIBESR S0 EmEEn



PED 202611 5 H£57% $ 218  Chinese Traditional and Herbal Drugs 2026 November Vol. 57 No. 21

= 8701

%5, 1a F Origin 2021 AF2H AR ik MXT-
5 Frb O RE MXT-1701 (SRS . i 2
Fiw, RIS BN R AR A G R SR A A AR
FFESE: BB ARG, 30.00. 31.32s FHEsi
HILT 6. 7 Failg, HIE 40~60 s USRI,
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DA 1377 B W, P B AR LE 95% 1 EE X H N,
BB R AF, 2022~2023 4 5 H AW 2 51
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£22X10° 1
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BT A 1 " ” Npe ——— 22018
e 43020 i — ~019
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" L s Ll B -
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A R C AR 2018~2023 FEIAE LR L PERE S MXT-5 F1 MXT-1701 (4ikié 2 &l B A1 D 43519 60 kR4 MXT-5 1 MXT-1701 {4,

eI ] E-2018~2023 AR IAF HIAREMERE 1 MXT-5 ik &

A and C are the superimposed chromatographic peaks of MXT-5 and MXT-1701 from representative samples collected during the storage period from
2018—2023, respectively; B and D-Combined Chromatogram of 60 Batches of Curcuma wenyujin MXT-5 and MXT-1701. E-MXT-5 chromatograms of

representative samples from the 2018—2023 storage period.

& 2

MXT-5 1 MXT-1701 BISBRISSIERLE

Fig.2 Odor fingerprint profiles of MXT-5 and MXT-1701
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respectively; G and H-the permutation tests for the OPLS-DA plots of MXT-5 and MXT-1701, respectively.
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Fig. 3 Odor chromatographic data visualization and analysis plot

i, 2018~2019 41 2020~2021 4HA M/ HE,
RKIHWAF 1~2 FRRRA G S WAFEIT 2 FF0FE 1
B ESAE—ENARES, ZERFIREIET
SIMCA #RZE R . 5y 7 #fiE OPLS-DA A2 3 idt
FERLA, 34T TRENLHES] 200 YR B s (B 4-
G~H), FrfaFENLEHBAY) R?y F Q% HINKT
JRAERETR S S B, H R2y A1 Oy HIAREE 20 5/ T
0.6 £1 0.05, UFIZE A TCE SIS, A2 R IX
S RFRE .
224 WrTLEMAMRETERE ST #F
AroChem Base £ #5 J5H, K nCo~nCi6 AT HUE,
VERCAS [F) A7 SR AR 4 1T Be A7 LR SR 5 25 H
PREHIAEE, SRNEK 4 FE 4-A. ZEREK
B, AFECAFIRIRAR G LRAEH 36 MRS, H
HH AT A 2018 4R (1R SR 847, 2019 4F 5 2020
TR SRS, R NIGRRZENE . 3-45:+
DUk, 2-FR 3+ ket 2021 SE R SRR, 6-
FH Tt & 2022 FEIREE SR AT, 2- T TR 3
e 2023 FEMREA SR s FRIRE . Rk RN
S 12 AR A R AT HA R AR 4 A B4y
el A, . TED. p-AaTTiaEA
AR, XSRAEK “E” —.
KH GraphPad Prism 8 Zit2##xt 12 Mg

ARE T TR T R R O 2000 (R 5. 5

2022~2023 ZHAHLE, H4k 2 Hf 6 MR EE
PEETF (P<<0.05. 0.01. 0.001), ZF5I RSP, fa
i B-IWRNE (2018~2019 A[RAN) . % Tl 1-1
DUREAN T A7 B A 2 AR R T RS,
BIREMNZESR, 7RG B-a1TE: A 4 1S
MRS BT E TR IR, 2l T A (2020~2021 A,
P<<0.001; 2018~2019 41, P<<0.05). WRIEEML H G
(2020~2021 241, P<<0.001). a-yAWeld (2020~2021
H, P<<0.05) F12,4,5,6-PUG Al —H %, @i SIMCA-
P 14.1 % 12 NSRBI AREAT VIP 2047,
RILT 8 NEA B S SISk (VIP>1),
WU NEE T & RAEERR RS o-VEWe)d B2
Weld. BT 1-TPUREA T A+ = NlR. 2556 F

DRI 27 2250 AR VIP A3 At S S I EE . T &)

BATEA -+ DUEEA T A+ Nl A e e )
BIISRASY (VIP>1, P<<0.05).

225 PSSR OCEE T R R A 1)
WEAE AL E (V), BEME L o' b" E° C"\

H'. CIRG {EN & (X)), @B A = aH T
MO R bRIC A b MHRARE » b TF-1~1,
20.5<|r/<<0.8 B}, RPN 11>0.8
I, KA ELSEAC. HXHEMREER P
HER, P<0.05 WFREAEEN, RZWFR
TosR M MR v FH KBNS AT HE T, ik



PED 202611 5 H£57% $ 218  Chinese Traditional and Herbal Drugs 2026 November Vol. 57 No. 21 « 8703 «
=4 ARCEFHRMESHARFENCEYREEHRRER
Table 4 Possible compounds and sensory descriptive information in 60 batches of C. wenyujin

., MXT-5-FIDI MXT-1701-FID2 _ o g e it T
%ﬁmmm%%%ﬁmmmﬁ%%ﬁUﬂﬁﬁ AT okl wﬁ%ﬁ@gﬁﬁmwmwmmmnmnmx
1 1448 443 1424 559 107-02-8 C3H4O  Piksis 9355 HIME + — — — — —
2 1569 472 1430 561 64-17-5 CHeO B 8927 WiREME + + — — + —
3 1655 492 1498 583 67-63-0 CHsO  RAEE 9442 WmREEE + + + 4+ + +
4 2011 577 1534 594 287-92-3 CsHio Ak 90.76 #HKE — — - 4+ + -
5 2613 712 2480 905 79-09-4 C:HsO» W 7424 BME O - - - 4+ - =
6 3062 779 2862 996 79312 CiHsO» TR 8276 MM% + + 4+ + - -
7 3132 790 2862 996 513-85-9 CsHigO» 2,3-] ¥ 96.96 KEKE + + + + — —
8 3225 803 2516 914 626-93-7 CeHiuO 2-CF 7459 WREH®E + + — + — —
9 44.63 945 2747 969 7785-26-4 CioHis  (18)-(—)-o-TEHs 87.40 WEMEAE — + + — — +
10 4648 964 2942 1011 3387-41-5 CioHis 1205 82.84 ¥HIEE + + + 4+ + +
11 4948 995  31.04 1040 123-35-3 CioHis HEM 84.53 FEHHEZE + + + 4+ — +
12 5472 1042 3381 1089 470-82-6 CioH;sO A&y 98.85 EiMkE - — 4+ - + +
13 5524 1046  33.84 1090 99-85-4  CioHis vy -FATHIE 85.14 JKHEBEZE + + + 4+ — +
14 60.81 1096 4038 1182 78-70-6  CioHisO F5HafE 94.02 FHEHE + + + — — —
15 6176 1104  33.84 1090 586-62-9 CioHis i fhitits 90.76 KEKKE + + + + — —
16 69.58 1168 4876 1283 76-22-2  CioHisO FEJ 78.94 RERKE + + + + + +
17 7089 1178 4924 1289 98-55-5  CioHisO o-FAJHES 89.92 MEMIMEE + + + — — +
18 9290 1354  74.08 1542 97-53-0  CioH202 T &M 80.98 FEHMEKE + + + + + +
19 10032 1410  76.85 1569 103-26-4 CioHio Oz PKEREHIfES 63.73 JKHEBKEZE + + + 4+ + +
20 106.17 1448 6733 1476 3853-83-6 CisHa  o-VEMRNE 97.94 — + + 4+ + + +
21 107.56 1457  71.64 1519 22874-79-9 CioHnO2 2-T 1R g 96.25 KHHKE — — — — — +
22 109.89 1472 76.07 1561 473-13-2 CisHu  o-F TN 9623 BTH®%E + + + + — -
23 111.16 1480  73.56 1537 87-44-5 CiHas  B-A1T4S 95.52 FEEHMKE + + + + + +
24 113.81 1497  68.68 1490 629-62-9 CisHn 1kt 99.01 kikEEE — + + 4+ + +
25 115.64 1507 7579 1559 2156-96-9 Ci3H2s0r TH R 24 Mg 93.60 — - - - 4+ - -
26 117.65 1518 7691 1569 1461-03-6 CisHa  p-IEMe)E 9782 — + + + + + +
27 12035 1533 7635 1564 22306-28-1CieHzs  8-FFE+Tif% 89.11 — + + 4+ + + -
28 12181 1541 7580 1559 71958-48-0 Ci¢Hzs  3-ZFE+DUkE 86.74 — e
29 122.16 1543  76.52 1566 10105-38-1CieHzs  6-FFE+Ti)% 89.87 — - - - - 4+ -
30 12548 1561 7579 1559 1560-93-6 CieHss  2-FAFE:+ ikt 80.16 — e
31 127.00 1570  68.54 1488 5471-51-2 CioHi2 O B 7 T 88.33 KHEMRE + + + + + +
32 137.66 1628  94.82 1742 877-09-8 CsHeCls 2,4,5,6-VUE[AI —HZK 8936 — + + + + + +
33 14121 1647 100.16 1793 112-72-1 CisH30 1-+[UFE 84.81 MFRRSE + + + + + +
34 14953 1693 9594 1753 2156-97-0 CisHasO 2 752 H H: g 68.69 — + + + + + -
35 15448 1720 11474 1934 713-95-1 CiH2O0: THi+ ARk 8648 MITMEZ% + + + 4+ + 4+
36 16038 1752 96.15 1755 5634-30-0 Ci7Hss ¥kl 9271 — + + + + + -
“CRTRIASY, “—RERK S

“+” indicates detected components, and “~" indicates undetected components.

M5 7 AR VIR 15 AR (r

>

0.5, P<<0.05), Zral2 T+ =Alk. WHERH
FEE . 2-H R Tk, ARMEE . wEaliE . 2
BRI e 1 DURE - AR T AR
STHe. 8-FIE+ ikt 2,3- T . + kAo fs
WL Sh4 “2.2.47 WUWZR, HEW T A+ A e
1-+HPUEE (VIP>1, [/>0.5, P<<0.05) f&A[EIAF
WIELAR 4 2 18] PRARFAIE 22 5 R A3 o 0 AN [R] R AR A

SR, HZ M RSR G ER AR, W
it Al o b CEUEASE, 5 H B,
FHE BB 919 074, 0.68. 0.63 F1-0.54, FHWZM
IR, ST AR 1 W A R SR IR

PR, WA, AR, 11D
5 RIEMZ, 5 H 26058, MRREU N 0.62
H1-0.56, RUNZBA> S EHEZ, FAUTFHP- RIS 5
AIRRR, B, AR
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Fig. 4 Flavor wheel of C. wenyujin at different storage periods (A) and color-odor correlation heat map (B)
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Table 5 Analysis of variations in compositional components of C. wenyujin across different storage periods
G5 REI(E/s By 2018~2019 41 2020~2021 41 VIP
3 16.55 R 1 T 1.129 6
10 46.48 ) ! ! 0.792 7
16 69.58 H B ™ 1 0.949 8
18 92.90 T & v T L1211
19 100.32 DAL TR i ) T 1.0455
20 106.17 a-IENe N ! 1 1.020 8
23 111.16 B-A i ! ! 0.702 1
26 117.65 BV e I 1 T 1.098 8
31 127.00 BT 1 T 1.073 1
32 137.66 2,4,5,6-PY & ] — F 2R ! 1 0.600 9
33 141.21 1Py T T 1.072 8
35 154.48 ] ™ ™ 1.199 1

**P<0.001.

“17 FRA 2022~2023 ARIEGZRS B EFHES,

“1” o5 2022~2023 MIZSS R TR, "P<0.05 TP<0.01

“1” indicates that the component showed an upward trend compared with the 2022—2023 group, and “|” indicates that the component showed a

downward trend compared with the 2022—2023 group; ‘P<005 *“P<0.01
23 ETFIRAIENARICEFEIRRMENIERE
S
2.3.1 ELLAMGIE RTINS E S Tk
(1) K2t KA AntarisIl 2L 4MG A LA
B ACREE 60 LIPS G EE, ik
JEFE A 10 000~4 000 cm™, Z3HER N 16 cm™! 12,
(2) FESRTI: 23 A [R1 A7 BA MR AR 44 b
T ARG R, W AR BINRR AR, &

**P<0.001.

FER AR, HTRM RISV AN 2 LR, A6
T 32 k02,

232 FUERESSHT KH Origin 2021 #4F%
FHIT LA B A MATLAB 2022a #2EX “ i
SR HARRLE T, AL AR,
233 IEZAMEIERILE RS M 18 H Origin 2021
BAFZHE 11 000~4 000 cm ™! P HIAC AL R
UEHRAR S A S SE RN SH AR i S <
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Fig.5 Raw near-infrared spectra of representative samples with different storage periods (A) and raw near-infrared spectra
of 60 batches of samples (B)
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Fig. 6 Data fusion analysis of “color-odor-spectrum”
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