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Changes and correlations of “color-component-antioxidant activity” in “nine-
steaming and nine-sun-drying” processing of Polygoni Multiflori Radix

TANG Lin, GAO Yuanhang, LI Haiying, LIAO Zhuo, YU Yasheng, WANG Lu, YANG Lei, HU Chao
The First Hospital of Hunan University of Chinese Medicine, Changsha 410000, China

Abstract: Objective To investigate the correlation between intrinsic components, visual color, and antioxidant activity during the
“nine-steaming and nine-sun-drying” processing of Heshouwu (Polygoni Multiflori Radix, PMR), providing a reference for
determining the processing degree and quality control. Methods A colorimeter was used to objectively quantify the color of samples
at different steaming and sun-drying cycles. HPLC was used to establish fingerprints, HPLC-Q-TOF-MS was employed to analysis
characteristic peaks. Alcohol-soluble extract content was determined according to the Chinese Pharmacopoeia (2025 edition).
Polysaccharide content was measured using the phenol-sulfuric acid method. Antioxidant activity was evaluated through DPPH radical
scavenging capacity, ABTS radical scavenging assays, and ferric reducing antioxidant power (FRAP) method to determine total
antioxidant capacity. Pearson correlation and regression analyses were conducted between the components, color values, and

antioxidant activity. Cluster analysis, principal component analysis (PCA), and partial least squares regression (PLSR) were applied to
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determine the processing stages of “nine-steaming and nine-sun-drying” PMR, while entropy-weighted TOPSIS was used to identify

its the optimal processing endpoint. Results During processing, the sample color gradually darkened, and chromaticity values

decreased. Polysaccharide content increased progressively, while alcohol-soluble extract content first increased and then declined. A

total of 26 chromatographic peaks were identified in the fingerprints, and the components of 25 of them were identified. Correlation

analysis revealed significant relationships between intrinsic components, color values, and antioxidant activity. The processing stages

were divided into initial, middle, and final phases, with the seven steaming and sun-drying cycle achieving the highest comprehensive

score. Conclusion Significant changes in component content, color, and antioxidant activity occur during the processing of PMR,

with notable correlations among them. The integrated “color-component-antioxidant activity” analysis enables objective discrimination

of processing techniques and quality control in “nine-steaming and nine-sun-drying” PMR.

Keywords: Polygoni Multiflori Radix; nine-steaming and nine-sun-drying; color-component-antioxidant activity; correlation analysis;

processing; gallic acid; S-HMF; stilbenes glycosides; emodin-8-O-f-D-glucoside; physcion-8-O-p-D-glucoside; emodin; physcion
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Images of PMR slices and powder with different steaming-drying times

*1 [WESTREFHRBIRAMARERE (X+s,n=3)
Table 1 Chromaticity values of PMR slices and powder with different steaming-drying times (X £ s, n = 3)
FEd L a b E'ab AE'w | FEA L a b E'ab AE
HSW 64.07£0.18 7.53£0.05 18.67+0.16 67.1610.22 - ZH-5 47.5740.07" 5.260.03™ 6.7240.08™ 48.3310.08™ 18.83+0.08
ZH-1 54.80+0.07" 6.60£0.11 11.920.04 ™ 56.47£0.06™ 10.69%0.06|ZH-6 48.94%0.06" 5.66%0.15" 8.03+0.07" 49.9240.07" 17.24+0.07
ZH-2 522740287 6.41£0.07 10.50£0.16™ 53.70£0.29" 13.4610.29|ZH-7 48.51+0.21"" 5.43+0.04" 7.56+0.06™ 49.39+0.19" 17.76£0.19
ZH-3 53.12£0.09™ 6.31£0.11% 11.09£0.06™ 54.63£0.08" 12.53£0.08|ZH-8 44.13+0.05" 4.3940.18™ 6.48+0.08™ 44.82+0.04™ 22.34+0.04
ZH-4 53.4240.08" 6.91+0.08" 11.61£0.04™ 55.1040.08" 12.060.08|ZH-9 42.6040.13" 4.3610.08" 4.4740.05™ 43.06%-0.13" 24.10+0.13

5 HSW 4 tt#: "P<0.01.
P <0.01 vs HSW group.

Fig. 1
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231 k%A AN %L Poroshell 120
EC-Cig (150 mm X 4.6 mm, 4 pm); EIAHN 0.1%
MR K VS T- NG, BEEEBENL: 0~5Smin, 8% NE;
5~10min, 8%~15%Z.JE; 10~27 min, 15%~24%
CBE: 27~35min, 24%~36%ZfE: 35~55 min,
36%~90%ZNE; KRN (30+1) C; KK R
254 nm; AR E N | mL/min; HEFEARR 10 pL.

232 JRIEKM BEFUEAMPAGE S E TR
(HESD), #SARSA, BMEIRE N 320 C, )
FINAGEE R 375 C, BYSEJ] 3.5 MPa, 54k
FAEA 8 L/min, W% HL4H N+3.8kV FI-3.5kV,
fill 42 fe B 30 eV, B 444 35 Bl m/z 100~1 500,
Full Mass 73 %% 9 70 000, FE MR — 2% i 4
iR 217 500,
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8-O-B-D-Hil &I M H KT 2 H K -8-O- 7] %) B 1k
B, FHERE, N 70%EEH] A A2 i xd i
0.033.0.116.0.014.0.017.0.022.0.017.0.012 mg/mL
(R Ak L B VA

2.3.4 M TIAERIIH S BUET T S SRR R
GEPUE35) (500.0 g£0.5) mg, FHEFRE, I 70%
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40 kHz), HUH, A, H 70% CEERN KK 1) )5
&, f&5, 1T 0.45 um FFLIEME, RIASALEE IR
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EMERENE 6 K, 4%M8 “2.3.17 iR ik bk ke
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RSD ¥J<<2.00%, RIIZACAAE R IT.
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B-D-HI & B, W 24 HRBEE, 1§26 NRHEEN
% . % Thermo Scientific Xcalibur (4.1.50) #4:,
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4-B B FIR: 5-5-HMF; 15- ORI 22-KE K -8-0-B-D-Hi %
B 23- KR FEE-8-O-B-D-HI &I ; 24- K3 26- K3
ik
4-gallic acid; 5-5-HMF; 15-stilbenes glycosides; 22-emodin-8-O-B-D-
glucoside; 23-physcion-8-0-B-D-glucoside; 24-emodin; 26-physcion.

2 FEZEHDREITE 2 HPLC {5 EE (A). *HRiE

YEE (B) MIRAXERMEY HPLC E (O

Fig.2 HPLC fingerprints of PMR with different steaming-

drying times (A), reference fingerprint (B), and HPLC

chromatogram of mixed reference standards (C)
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IMTRTE SIS IS S, SRR 2, X
Horpr 24 AMRFIEWEREAT TR HRN . SRR — ALk
THERFIE VAR XTI TR , 26 AR IS AH Xof Ve T AR
AMIBCER A @A HEAT X Lo i, S5 Rk

3 Fior, BEEZEHIRESE N, P1. P4, P5. P8. P9,
P12. P19, P2 S mjEizditae, P17, P15,
P22, P23 Jeid il K53t e, P21, P7. P6 %5
PN E R Y A EE S

2 TESIRYEIZFHEEE ESIRXTHEERER

Table 2 Identification information of characteristic peaks in fingerprint chromatogram of PMR under ESI™ mode

gy MM WE BAET e
min  $fr BB (X109

Pl 147 179.0549 179.0550  0.56 CeH120s 119.053 0, 113.023 2, 89.02 30 HE e

P2 1.62 341.108 1 341.1078  0.65 CiaH»On 113.023 1, 119.033 5 JERELO

P3 2,02 191.0188 191.0186  0.42 CeHsO7  173.0092 PRI

P4 241 169.0132 169.0132  0.00 CHeOs 125.023 1 B FRe

P5 312 CsHsO3 5-HMF*

P6 421 577.1337 577.1330 039 CsHasO12 457.087 5,425.087 0, 289.089 3 procyanidin BU!®!

P7 456 567.1708 567.1708  0.00 Cz6H32014 405.118 0, 243.064 8, 215.238 3 tetrahydroxystilbene-O-di-hexoside 3 57 #4 (!

P8 4.94 577.1337 577.1330  0.39 C3oHasO12 457.088 0, 425.087 3, 289.089 3 procyanidin BUS!
P9 7.18 289.0714 289.0708 237 CisHi4Os 245.0810,221.0812,203.070 6,125.0232 JLE R
P10 7.78 289.0714 289.0708 237 CisHi4Os 245.0807,203.0107,161.057 5,125.023 1 F LK R
P11 9.48 549.160 8 549.1603  0.92 Ca6H30013 387.108 7, 255.067 0, 227.077 0, 209.061 5 liquiritigenin-hexose-Xyl/Aradi 57 # {120]
P12 9.73 549.160 8 549.1603  0.92 CasH30013 387.108 8, 255.068 2, 227.077 0, 209.061 5 liquiritigenin-hexose-Xyl/Aram 57 # {4120]
P13 11.36 567.170 6 567.170 8 —0.43 CasH3Ous 405.1182,243.065 8,215.238 3 tetrahydroxystilbene-O-di-hexoside 57 #4 {417
P14 11.90 461.108 5 461.1078 148 CxHxnOu 331.0732,168.017 1, 131.056 9 cinnamyl-galloyl-hexosel20-2!
P15 15.15 405.1183 405.1180  0.69 CaH»O9 243.0655 R IR
P16 15.86 405.118 1 405.1180  0.30 CzoH209 243.065 6 R CHEE R RS
P17 1639 557.1292 557.1290  0.44 CarHasO13 393.063 9, 313.055 0, 255.054 0, 243.065 0 tetrahydroxystilbene-(galloyl)-O-glucoside 2, 57 ) {4201
P18 20.36 473.108 1 473.1078  0.53 CxHxnO1r 269.045 5, 225.058 9 2-acetylemodin-O-glucopyranoside*!
P19 21.49 555.1134 555.1133  0.15 CaH24O13 393.062 7, 274.010 6 polygonumoside A 5 4 {£(2
P20 22.53 555.1135 555.1133  0.38 CarHa4013 393.063 6, 274.010 6 polygonumoside A} 5 44 {£(2
P21 2527 557.1289 557.1290 —0.10 CarHasO13 393.064 0, 313.057 0, 255.054 0, 243.064 6 tetrahydroxystilbene-(galloyl)-O-glucoside 3, 57 ) {4201
P22 3221 431.0975 431.0973  0.53 CaHaoO1o 269.046 2, 241.050 7, 225.054 0, 197.061 2 K %-8-0-p-D-F % HE 15"
P23 35.88 445.1132 445.1129  0.53 CxHnO10 283.062 0, 255.067 8, 240.045 0 K3 & FRE-8-0-p-D-H 4 fi ™
P24 45.56 269.0450 269.0444 056 CisHiOs 225.055 8, 241.0487, 197.059 7 KEF
P25 49.47 509.287 6 509.2956 —15.84 CauHasOn R
P26 50.61 283.060 8 283.060 1  2.33 CisHiOs 240.0417,269.044 9 K TR
* R FHR IR AT AT o

*Identification was performed using reference standards.

24 EREESENE

2.4 0PRSS REEMREUGK D-HE A b
X R SOE EE,  INZK G OR EEE 0.1 mg/mL H)G
K D=1 H X HE A

242 MHLAERHIES BEFESBOR (1.000 £
0.001) g GEPUS), KEHEFRE, MMAK25mL, H
FALFE 50 min ()3 300 W. 4% 40kHz), 10000
r/min 250> 10 min, L E3EBIRGE BT T, FH/KFRE
% 10 mL, A 4 FAAERBITEKOEE, #5, 4 C

PR, B, 352 HIEW DO IE TS RG

FH 10 mL #OKiEME, ¥ 2% 25 mL £t ©%,
RIAS AT i S5 2 BE VA

243 AMERRFL KB D- %) PR HE
IR 02, 0.4, 0.6. 0.8, 1.0mL, fnZ&mK, #hE
% 1mL, I 5% ARMEWHR 1.0mL, 821, Pk
PRERVE S mL, ¥ 8 40 min, 7EPK 490 nm 4b
EWEE (4 H, FEAXFHEAZEMK. LL DA%
BT i VT R B R AR (XD, A {E AL
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®3 WES “NWEAM” SRMFEEHELES

Table 3 Variation trends of characteristic peaks during “nine-steaming and nine-drying” process of PMR

X U TR/ %

FHXFIEE TR /%

HSW ZH-1 ZH-2 ZH-3 ZH-4 ZH-5 ZH-6 ZH-7 ZH-8 ZH-9

5%
HSW ZH-1 ZH-2 ZH-3 ZH-4 ZH-5 ZH-6 ZH-7 ZH-8 ZH-9

224 296 337 3.00 329 3.59 532 391 3.74 484
8.60 10.17 13.33 12.05 14.53 15.94 20.77 18.60 18.42 21.23
049 084 094 046 0.69 0.80 0.35 0.40 0.32 0.60
283 465 5.11 457 628 636 6.18 742 627 6.26
0.00 0.00 096 1.66 3.18 5.20 11.77 11.79 11.83 15.42
0.00 0.56 0.53 038 0.70 0.80 129 135 125 1.14
0.00 0.00 0.20 020 0.21 0.31 0.58 0.61 0.50 0.61
0.00 0.00 0.19 040 091 1.15 2.05 2.56 2.54 2.46
0.00 0.00 0.00 021 020 0.27 0.59 027 0.26 0.57
049 026 042 022 0.00 0.00 0.00 0.00 0.00 0.00
0.12 0.00 0.10 0.12 0.17 0.19 0.00 0.00 0.00 0.00
041 062 0.66 0.84 1.25 133 1.86 196 1.70 1.82
046 027 047 043 050 0.54 0.23 0.25 0.38 0.00

P9

P10
P11
P12
P13

P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25

0.74 1.81 022 0.71 0.65 0.64 0.70 0.77 098 1.01
48.23 46.36 37.15 36.97 30.42 24.30 12.55 16.50 10.13 7.63
0.45 045 057 0.67 0.83 0.86 0.00 0.86 0.56 0091
216 1.86 1.55 1.51 0.86 0.41 0.83 0.00 0.00 0.00
0.54 1.71 137 1.06 092 090 1.67 159 1.43 146
032 0.53 1.07 0.15 0.71 122 122 1.16 1.04 1.04
0.00 0.25 0.46 0.21 0.19 0.18 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.20 0.35 0.42 0.65 0.62 0.69 0.64
227 1.80 1.84 2.66 185 1.69 0.76 0.61 0.69 0.33
1.13 1.01 1.13 135 1.12 1.14 071 0.56 0.73 0.43
19.13 17.16 19.33 20.21 19.89 20.93 20.41 19.10 24.63 21.10
0.29 0.18 024 0.28 0.31 031 0.00 020 0.10 0.12

P26 847 6.55 880 9.06 8.83 9.64 9.50 8.90 11.63 10.37

b (Y, exfilbrittiZe, HEATZMEEE, 5077
& Y=0.999 5 X—0.002 3, R*=0.999 7, % FKH
DB EIBELE 0.02~0.10 mg/mL £t R B 1T,
2.4.4  FEGDIE U [E ZE 6O AT B S0 2 0
W, FEEWE 1 mL, A 6% KBy 1.0 mL,
FINRERER S mL, ##E 30 min, 7E# 490 nm 4b
ME AAE, ARNFRE 2T H A R 28 i 5] v
LR RS . SRR 4, FEEEH IR
(PIBE N, 28 W N . B S S AR S LR,
M EZ S EREN (P<0.0D).
2.5 ERRMRBINE

22 (PEZGH) 2025 FERPUHGE T 2201 17
H I R YR T PR AR I S A [ 2 o) B AT
Ly H B PEIR D), 25 R 4. BE A ZE T OO
£a CNENE TESSHEREEERLNSRTW

#E#E (Xts,n=3)

Table 4 Variation trends of polysaccharides and alcohol-

soluble extracts in PMR during “nine-steaming and nine-

drying” processing (X £ s, n=3)

X BT
. ﬁjn ‘D/ ol
P 2 0E/(mg-g™) %

HSW 44.71£0.09 11.4040.20

B MR
H%
ZH-5 108.00£2.50" 10.9040.14

Hdh ZH/(mgg™)

ZH-1 62.84+1.46™ 13.53£1.70

ZH-2 70.14+0.47" 13.86£0.29™
ZH-3 73.82£0.14™ 13.60£0.12™
ZH-4 79.32+4.42™ 13.54+0.16™

ZH-6 156.37£0.17" 11.17+0.42
ZH-7 154.81£0.25" 10.60+0.73
ZH-8 174.14£0.62" 10.97+0.25
ZH-9 149.72+0.23" 11.58+0.58

5 HSW 4 “P<0.01.
P <0.01 vs HSW group.

I, BRI S BRI E PR, DAZE 2 kA
Hl G B EIR B B B, BB 7 IRE G K.
HE5fE SR, 26 2. 3. 4 RIGEETER
B EEEEEN (P<0.01).

2.6 IEMNIEMENE

2.6.1 DPPH %l & 23

(1) PRI VR4 20 BB ok R
(50.00£0.05) mg, FEEME, MNEH HIEFRIK
0.8mL, 40 ‘C/KIBHIZHE 30 min, LA 10 000 r/min 2
O 10min, HCEJER (BAAEZGTE, SRR 62.5
mg/mL) &

(2) DPPH H HEERRZAME: B s
W, TR BRI AR A R F] (%) DPPH 2: H
G RRRRA S BE 4 1, #ASHHE
DPPH H h#ERM%R, H41HESE 3 %, 5 DPPH H
HEEMTERRBE 1. S5 R IR 5, 1 3745 DPPH
1 EH 22975 B 22 0 T 4 0 11l J 32 T A
5, HAREME S AEME, & HIE AL
5% DPPH H HETERRFE BE R (P<0.05).

TBERE=1—(4 we— A4 u)/A v (1)

A A VEI A, A s SRR IR A 8, A wa 9t
BRI 4 18
2.6.2 ABTS %l & 23]

(1) ARSI & o BECEFE ol R
(50.00+0.05) mg, FFEHRE, N 80%HEE 1 mL,
A (TR 300 W, AR 40 kHz) Ab#E 30 min, LA
10 000 r/min 0> 10 min, H_LiEH (BLAEZjT, R

e
7K
A
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=5
Table 5

AEZEFIRBAESMENEE (X+s,n=3)

Antioxidant activity of PMR at different steaming-

drying times (X £s,n=3)

B H B 55 B %% FRAPYL BT AL
" DPPH ABTS fi& /1/(umol-g 1)
HSW 7527+294 76.80+0.35 157.0740.09
ZH-1 824242.06 77.08+0.18 159.8940.14™
ZH-2 87424049 77.29+0.26 167.824+0.10™"
ZH-3  90.124+0.53* 78.08+0.23" 177.234+0.24™
ZH-4 87.38+0.10° 81.21+0.22" 176.424+0.06™
ZH-5 86.72+0.08* 82.32+0.22" 172.314+0.67*
ZH-6  90.97+0.04* 79.42+0.22" 172.114+0.73*
ZH-7 87.46+0.50° 79.77+0.26™ 174.264+0.24™
ZH-8 88.48+0.59" 80.62+0.26™ 171.864+0.32"*
ZH-9 89.38+0.66° 81.79+0.38" 177.704+0.05**

5 HSW 4lLh#: *P<0.05 *P<0.01,
"P<0.05 *"P<0.01 vs HSW group.

BN 50.0 mg/mL) # AR

(2) ABTS" TAER %5 K ABTS WA
TRERFFIR 1 1 V5, FliI s ABTST i #7K, 4 C
BOCRAFIE, HOEEMRRBERI1S ABTST TR

(3) ABTS"™ H G FRAe JllE . B i
W, R B AR A R A A ) ABTS 740
A RE T R U B B AT I E 4 18, 42X
(1) 1+ ABTS HHEERER, BHEL 3 K. 4
RIS, I H D765 ABTS" H HEEERRGE /11E
wr s AN A s, TR THINT ABTS H SRR
RIEFNTE, Ho 54T, =R =HELENL
il ABTS" H HAEE R F B3R (P<0.01).
2.6.3 FRAP il 23

(1 B AR A 4« 2 VAR B R 0.1
g, FEEE, I 80%EE 1 mL, j# 75 AL EE 30 min
(Th# 300 W. #5i% 40 kHz), LA 10 000 r/min 250>
10 min, B _RiEWH (BLAZG, JREEKEEN 100.0
mg/mL) £ F R

(2) PRl R FEEFRI 2 mg 6-F25E-
2,5,7,8- VY H & 4 3 -2- 2 TR ( 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid , 7 & %4 A
Trolox) FriEfh, Zifb/KBEMERZE 2 mL, 5 4
nmol/pL B BER, ¥ IR BG4 A BE 2 0.16.0.32,
0.48+ 0.64. 0.80 nmol/uL & JEMIFRHE T/EM . T
£ 590 nm ME A {6, PAFR#ES Trolox )5 H &
(nmol) NHEEAKR, A4 (AA=A we—A =x) NP
br, eflbrdEtiZe, FATEMERE, 15 EIETRE

N Y=1.046 5 X—0.019, R*=0.997. Z5H KM,
Trolox 7 0.16~0.80 nmoL/uL 5 4 23 K I £k
KR

(3) FRAP VEEPUEAREIME : B
W, I8 iR A YRR BR A R FRAP V54T
SEALRE I e TR & A HIE 4 8, R (2D
IHEEPUAIGEE ), FHES 3 k. 4R WK S,
5 24 b, FRAP P fbif & )5 B
FI5E (P<0.01), =ZA=MHJ52HaTiE.

HITAAE /1 =(A410.019)/1.046 5X 1073/(0.15/VX
W)X D (2)
V IMNSERCRARRR, w b st &, D MR EL, 0.019.
1.046 5 [ H 77 A5X LR H, 0.15 4 SRS HFEd A (mL)
27 REXBKSEYHEXSH
271 MRUESHT N T DR S UL
il I R L A5 B M A I A T £
WEEREZR, FIFH Origin 2025 # A% A [F 76 H1 v 8 F
I SR 2 il S E 280 (LS oy s
E'w) FHUEAAEE J11EAT Person AHGMHE M. 455
meE 3 FiR, ZHE. P2 GERD. & P4 (BT
). W& P5 (5-HMF). %P6 (JE{EFH &K B). I& P7
(tetrahydroxystilbene-O-di-hexoside )+ 1§ P8 (JR{EH
% B). I P12 (liquiritigenin-hexose-Xyl). U4 P21
[ tetrahydroxystilbene-O-(galloyl)-glucopyranoside ]
5O ESHRAFAE R R (P<0.05); I§ P15
(R4 H D). & P17 [ tetrahydroxystilbene-
(galloyl)-O-glucoside ] 5 . 2435 & B2 1EAH
K (P<0.05). W3 fs, 24, P2 (FERD.
g P4 (GXETIL). W% P7 (tetrahydroxystilbene-O-
di-hexoside) I P9 (JLA# %)+ U P12 (liquiritigenin-
hexose-Xyl) . I P21 tetrahydroxystilbene-O-(galloyl)-
glucopyranoside ] 5 DPPH H H 35 % . ABTS" H
H TG RR A FRAP S HTAULE A7 (R B35 TEAH G
(P<0.05); W& P10 (RILFKED P15 (K LM
) N5 DPPH H HEERRFE . ABTS™ H HLIERR
M FRAP SEPTEACREI B BE R (P<
0.05).
2.7.2 [E[H5 4T @8I SPSS 26.0 #fk, 4AiBERE
MRDHEER, UZHESE. P2, P5. P6. P7.
P8, P12, P15, P17. P21 fAHXS AN AL &,
A FEAE LY a" bME A B A ST &AL 04,
ARSI S L' o' bMEAIE #C RS, 45
TR 6~8 o HHs 2 B3 43 B B A I B A 46 1
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DPPH  FRAP  ABTS L
B3 TEZFRERETESREBXSEIEXSH

Fig.3 Correlation analysis between exterior-interiorr and spectrum-efficacy of PMR at different steaming-drying times

R6 TRFEFRHMESHRELMEAMRELLR
Table 6 Summary of exterior-interior linear regression

models for PMR at different steaming-drying times

R4y R R? WHRER AR ZE
Z¥E 0884  0.782 0.673 2.70
P2 0.878  0.770 0.655 2.56
P4 0.881  0.776 0.665 0.76
P5 0.875  0.766 0.648 1.12
P6 0.837  0.701 0.552 2.76
P7 0.858  0.736 0.604 0.28
P8 0.851  0.724 0.586 0.69
P12 0.824  0.679 0.519 0.40
P15 0.904  0.817 0.725 7.86
P17 0.896  0.803 0.704 0.44
P21 0.829  0.688 0.531 0.19

A HEFMER,

IR 6 nIH1, ZHESE. IE P2, P4, PS5, P6,
P7. P8. P12. P15. P17. P21 HIAHXT UG A 5 o
B R2 43514 0782+ 0.770+ 0.776+ 0.766+ 0.701.
0.736+ 0.724. 0.679. 0.817. 0.803. 0.688, FHHiX
11 Pt oy £ 2 B I AR 23 AIAE 78.2% 77.0%-
77.6%-76.6%-70.1%- 73.6%- 72.4%- 67.9%- 81.7%-
80.3%- 68.8% R b n] DL i €8 (B R S ik

HEE 7 /AL, 3 MOFEIRIMES 205 &, P2,
P4. P5. P6. P7. P8. P15. P17 AHNHIE AL K 22 4

1.0

0.6

- 0.2

a* b* E*ab

(& BRI R 5 22 2 3 M. i 8 a3 [EA
TR Y smen=410.997—2.371 L*—34.916 a*+2.338
b, Yoo muwnn=37.639—0.316 L*—0.446 a*—0.365
b*, Yea s =8.239—0.088 L*+0.911 a*—0.365 b,
Yps e =22.345—0.314 L*—1.633 a*+0.514 b7,
Yoo = 15.993+0.206 L*—3.151 a*—0.360 b",
Yo7 s =2.545—0.019 L*—0.036 a*—0.058 b",
Ypg e =8.934—0.082 L*—0.754 a*+0.094 b",
Ypis snrmmsn=—106.56442.280 L*+5.458 a*—1.516
b*s Y17 musemn=—4.727-+0.084 L*+0.252 a*—0.009
b*. UL, ArEE EEEYES RN LA LT E S
1) PN TE b o

KH SIMCA-P14 B AFHET i fe /> — F&i: 01 )5
(partial least squares regression, PLSR) 434723201,
CEEBRAHR IR, PLEHES 2 DL SAFEAR O
I (U P2, P4, P7. P9. P12, P21) FRIAHXS I AR
HNEALE O, PEIERENEZRE (V. T
AR T, LA TR R (R SRR
TMTEE (0> KAWL G IR BFERE . W
45t DPPH. FRAP. ABTS ML A TE%L (R 1H R
0.72+ 0.65. 0.76, IR FAZ R HIERE )T R
I s RS TN EL 0% RO R T e /7, % AE
K, AR P TN 6 0658 O {4351 0.91.,0.85
0.84, Bzl 1, RUEAIMTMAEE ) RiF. Kb



¢8 B 202628 $£57% B3H  Chinese Traditional and Herbal Drugs 2026 February Vol. 57 No. 3 = 905 »

R7T TRZEHRBATESHERNTRELMERAIRBFENT

Table 7 Variance analysis of exterior-interior linear regression models for PMR at different steaming-drying times

Moy B CPOEM Bl B FfE P | & % PR A#RE ¥ FE PHE
ZFE [FIA 15725440 3 5241.815 7.171 0.02 | P8 [A]IH 7.654 3 2551 5241 0.04
B 4385933 6 730.989 B 7= 2.921 6 0.487
Bt 20111.380 9 Mt 10.575 9
P2 EVE 132.715 3 44238 6702 0.02 | P15 [\ 1654.713 3 551.571 8.919 0.01
%= 39.607 6 6.601 B 371.060 6 61.843
Mt 172.322 9 Hit 2025773 9
P4 BV 11.996 3 3.999 6.947 0.02 | P12 [A])A 2.057 3 0.686 4.237 0.06
hR 2 3.453 6 0.576 B2 0.971 6 0.162
Mt 15.449 9 M 3.028 9
P5 EVE 24.641 3 8214 6.530 0.03 | P17 [EH 4.797 3 1.599 8.130 0.02
5] 7.547 6 1.258 53] 1.180 6 0.197
it 32.188 9 pEean 5.977 9
P6 EVE 107.747 3 35916 4.692 0.05| P21 [EIH 0.521 3 0.174 4.403 0.06
B2 45932 6 7.655 Bk 7 0.236 6 0.039
Mt 153.679 9 M 0.757 9
P7 EYE 1.338 3 0.446 5.583 0.04
hR 2 0.479 6 0.080
Bt 1.818 9

®8 TEZHRMITE BHRELMEIN

Table 8 Exterior-interior linear regression analysis of PMR at different steaming-drying times

R B AERRHEG REL AniE iR E AL EREL fH PIE | B AERREGRE AndEiRE GRS P
ZHEEE 410997 424358 0.969 0.370| P8 HH: 8.934 10.952 0.816 0.446
L -2.371 13224  -0.307  —0.179 0.864 L -0.082 0341 —0463  —0.240 0.818
a -34.916 29477  —0.776  —1.185 0.281 a* —0.754 0.761  —0.731  —0.992 0.360
b 2.338 16.623 0.199 0.141 0.893 b* 0.094 0.429 0.347 0.218 0.834
P2 HE  37.639 40.326 0.933 0.387| P12 ¥ & 2.999 6314 0.475 0.652
L’ -0.316 1257 -0442  -0.252 0.810 L -0.003 0.197 -0.030  —0.015 0.989
a —0.446 2.801  —0.107  —0.159 0.879 a —0.143 0439 -0.259  —0.326 0.756
b -0.365 1.580 —0.335  —0.231 0.825 b -0.079 0247 —0.548  —0.320 0.760
P4 HHE 8.239 11.908 0.692 0.515| P15 & —106.564 123.431 -0.863 0.421
L -0.088 0371  —0.409  —0.236 0.821 L 2.280 3.846 0.930 0.593 0.575
a 0.911 0.827 0.731 1.101 0.313 a* 5.458 8.574 0.382 0.637 0.548
b -0.365 0466 —1.121  —0.783 0.463 b* -1.516 4835 0406 —0.313 0.765
P5 Wi 22.345 17.603 1.269 0.251| P17 ‘#& —4.727 6.961 -0.679 0.522
L -0.314 0.549 -1.017  —0.573 0.588 L 0.084 0.217 0.627 0.385 0.713
a -1.633 1223 -0.907 —1.3350.230 a 0.252 0.484 0.324 0.520 0.621
b 0.514 0.690 1.093 0.745 0.484 b -0.009 0273 —0.046  —0.035 0.974
P6 HiE 15.993 43.427 0.368 0.725| P21 # & 2.430 3.116 0.780 0.465
L 0.206 1.353 0.306 0.152 0.884 L -0.028 0.097 —0.597  —0.291 0.781
a -3.151 3.017 -0.801  —1.044 0.337 a* -0.139 0216 —0.504  —0.643 0.544
b -0.360 1.701 0350  —0.212 0.839 b* 0.019 0.122 0.268 0.159 0.879
P7 W& 2.545 4.437 0.574 0.587
L -0.019 0.138  -0.259  —0.137 0.895
a -0.036 0.308 —0.084 —0.117 0.911
b -0.058 0.174  -0.522  —0.335 0.749
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Felnl AT FE 73 39 Yoren=-0.419 X zmszr+0.463
Xpo ssswsiisr— 0.143 Xp 12 s — 0.179 Xp1s s — 0.253
Xreio wmwuemn—0.077 Xpar marueiin 1 0.125 Xp7 sxwman+
0.241 Xpa sxusiinn+0.197 Xpo mwsigmn; FRAP=-0.796
X pwan+0.689 Xpo awsmz—0.325 Xpi2 s —0.207
Xpis smimmn—0.369 Xpi1o smwssmm—0.211 Xpoy saatusis+
0.107 Xp7 saxsusizn+0.337 Xpa sz +0.233 Xpo sarsimns
ABTS=-0.200 X gmse1+0.111 Xpo muums 1+ 0.047
Xp12 e —0.067 Xpis s —0.522 Xpio maswsms 1
0.095 Xp21 ssaswsm—0.122 Xp7 ssaswsm +0.333 Xpa snwsam +
0.022 Xps muwmse RIE, AIE I o W PR “ L7
JUE” o) 5 BT IS 1

2.8 IR S FI MR

2.8.1 UEL “JLAJLIY” IR E TN AHE
51K F Metabo Analyst6.0Chttps://www.metaboanalyst.
cal) XHEEME . FRAEEAERT AR . Ui b vt
1T E R B2 HT (hierarchical cluster analysis, HCA) .
E M (principal component analysis, PCA) Fll
P B /N — 3 v - F il 53 - Cpartial least squares-
discriminant analysis, PLS-DA), X1 75 & 4l il F2

R AT T 432K 5 B

HCA 553 (4> BoR, fEY “hzEfulg”
RSB 3 2%, B ZH-1~ZH-3. ZH-4
Al ZH-5. ZH-6~ZH-9, R “ L& fLI”
A 10 B - B A3 - B BT T 7 FE b B 2 75 ) L
ISEK 2 B BetE R4k, BT DOd i “ B ta- s -Préa b
WEPE” SREVPI RIS 3 N

PCA 455 (K5 R, fELREBHERT, fi
B LI SRR TR N 3 2%, ZHI
A ZH2 —ZEAMHIWIHE; ZH3~ZHS —ZA ]
#; ZH-6~ZH-9 —Z Mk A .

iz A BB GHEMEEAT PLS-DA, 1E1%
HUSE (B 6) W, TS “ LU AR
RKECTREX 3 3 KK, JHIIEE (ZH-1 #1 ZH-
2). M (ZH-3~ZH-5). JHIERY (ZH-6~
ZH-9), HArZREE R 5 PCA — 3. ML, #4E HCA.
PCA. PLS-DA3 Pt st, 2re “Bif-pin-hu
AALIETE” Z4EEIRIR T X 2 I (T
SOENEPhlinp

N T AR AR AT X 2 gL FR R ) E

class — ‘

T

|

I

ZH-7 ZH-8 ZH-6 ZH-9 HSW

ZH-4 ZH-5 ZH-3 ZH-1 7 ZH-2

4 BT “Be-mo-naEt” nFARESIEME SHMAE HCA RERE

Fig. 4 HCA dendrogram of multivariate analysis of PMR samples based on “color-component-antioxidant activity”

relationships at different steaming-drying times
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5
HSW
= +
A
0 A -lJ—r ZH-6~ZH-9
ZH-3~ZH-5
8 A )
n
= o
S O
I ZH-1. ZH-2
710 T T T T 1
-15 -10 -5 0 5 10

PC1 (64.2%)
5 BT “Be-mo-mENEE” WrARERREME
LM PCA 597 E
Fig. 5 PCA score plot of multivariate analysis of PMR
samples based on “color-component-antioxidant activity”

relationships at different steaming-drying times

5 -
] ZH-6~Z7H-9
HSW A
A 7
0 1 ZH-3~ZH-5 i
A
2
s @
= ZH-1, ZH2
O =51
Ay
-10 T T y T |
—-15 -10 =5 0 5 10

PC1 (64.0%)
Ele ET “Be-mo-MENEE” WARERREAE
B MmA PLS-DA 85 E
Fig. 6 PLS-DA score plots of multivariate analysis of PMR
samples based on “color-component-antioxidant activity”

relationships at different steaming-drying times
Bk, S5 B EEMERFE (variable importance
projection, VIP) {EX P fabridt AT K/ANES, 4
KB VIP AE>1 B3R bR, RUOAME S “ Lz LG ”
WS, Wi 7 fos, HornlhiEg P2l
[ tetrahydroxystilbene-O-(galloyl)-glucopyranoside ]+
& P8 (procyanidin B). U§ P7 (tetrahydroxystilbene-
O-di-hexoside ) . g P5 ( 5-HMF ) . I§ P12
( liquiritigenin-hexose-Xyl/Ara ) « % ¥ . & P6
(procyanidin B)+ & P3 (FFIEER ). U P9 (JLAER).
U P15 (2R 20 H ) W P17 [tetrahydroxystilbene-
(galloyl)-O-glucoside ]+ 1§ P22 (K& Z-8-O-B-D-7
BB BRI, 1 P23 (K3 E F-8-0-
B-D-HEHEE D). P10 GRILZEH).

1.5 1

1.4 1

1.3 1

VIP i

1.2 1

1.1 1

1.0~

—whmmﬁom@gzmi&fma
A -
™
7 BT “Be-EHa-mENEE” WARERREAE
LM PLS-DA XTI A VIP
Fig. 7 PLS-DA corresponding VIP charts of multivariate
analysis of PMR samples based on “color-component-
antioxidant activity” relationships at different steaming-

drying times

2.82 (L “IUZEIUW T MHI& SHIE e
PLS-DA Frifik I & 5 “ LA U MEihn 54,
D HES . BEIER MY LU P21, P8, P7.
P5. P12, P6. P3. P9, P15. P17. P22, P23, P20
AU AR 4R PR, SN SPSS AU Wi, )
KL-TOPSIS BERLIp T, R 2B EEAT 55 HE
b, DACRERUREA Th S PR abn 5 IR R AR R
PR, DACREAREA T B PR bR S A AR AR Y
PR, C AREEAREA S BHAR T S AR W R
ORI 9, P B 5 i AR 2R O B8 B .
®9 TEZEFRETE SR TOPSIS iFH
Table 9 Entropy-weighted TOPSIS evaluation of PMR at

different steaming-drying times

Ha i D D C e
ZH-1 2.382 1.074 0.311 9
ZH-2 2.601 1.269 0.328 8
ZH-3 2.499 1.280 0.339 7
ZH-4 2.750 1.640 0.374 6
ZH-5 1.951 1.264 0.393 5
ZH-6 1.520 2.247 0.597 3
ZH-7 1.391 2.246 0.617 1
ZH-8 1.589 2.534 0.615 2
ZH-9 1.711 2.390 0.583 4

3 g

AP FEE B o FrETE AR R
8 S A RS SR . BTFURIL, B
AU G N, T E SO B BTnE, A
B R AR, B 5 R R B T TR E .
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FAb, B ZEHIREIG I, TS LI
RS AR (R OIS SRR R,
W VR BRR DAL K 5S-HMF. 2 RE& Bigintg, X —
B 5 SRR T 45 A — B0 4, HER 5L 6 IR
il jE iz T, SRR REAR .
2 B PR A AT M R A By R A K S
FEREEE RN K. HAk, FlEE 2 AR
1, TE SHEA RTINS RS, R EEYS
e E B ARG VA G, ELAH DG K B U= 43 i 25 SR
SR S B 5PUE A TS TR B A
KA,

ARSEIGAT T s A I LR, 52 T HEE-0.5%
IR KRR CIE-0.1% R AKIE R 45 R RBLLLZ
J1E-0. 1% B8 B 7K I VR A S AR s FE e JBL N , 8% Js 4 06
TEXTFR, Pl €0, 335 06 5 AH 20 1 2 o e 35 BRI B A 2
IR, HFHREL AR, Wuk H CRE-0.1% B R K TR
VENIRBNIAH . FERT A IR R, XA R R
K (254, 280 nm) HHATLLEE, 259 RILAE 280 nm
AP IR, #3280 nm A GG K o 7E
FEHUAFRIF S, 3 R EEAN R FE £ B A0 AR
NPREUE T, I 70% HEE [ S G 75 (1 48 S
WRHEIEE 2 H& Sy e m. T HmiRE
RS, RO E LR ER. AR
HUI ()34 T %%, 40l e BGEE I TR] 304 35, 40,
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