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1 ZE: B OWERT Plantaginis Semen KX HAFMUE] IR FEEUEIE . OB H MPUEAGEIENZE R, R HAGE R S
PEAWAERME RS R AE SRR GI AN 2 A EEE, KA UPLC VAR T AT R F A M S s a0 &1, R ABTS
E B PrEATE M, G5B AAETEAN  J5 Z 0T £ 43 8T (principal component analysis, PCA) JZ X %357 #r (hierarchical
cluster analysis, HCA). IEZfms/ —3%-FI5]53#71 (orthogonal partial least squares-discriminant analysis, OPLS-DA) %% 7T
Gt RS T R R AR I ZE R B A RECDN 3. RIJH7E (partial least squares regression method, PLSR) Fl7K (L5 Bk
BEJrHTiE (grey relation analysis, GRAD Z3HTZE 7T T K HA RS AL S S G RIS RO R . B5R @ Em
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MARBEZE R AR E . PUEWIEHEEREY, Fir I EiE RIS, A REMES) 0 R ZE R A K fHRME TR, 3L
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Comparative study on chromaticity value, UPLC fingerprint and antioxidant
activity in vitro of Plantaginis Semen and its different processed products
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Abstract: Objective To analyze the difference of fingerprint, chromatic value and antioxidant activity of Cheqianzi (Plantaginis
Semen, PS) and its different processed products, and explore the spectrum-effect relationship between the chemical components and
antioxidant effects. Method The chromaticity value were determined by spectrophotometer, the fingerprint of PS and its different
processed products were established by UPLC, and the antioxidant activity were determined by ABTS method. The similarity
evaluation, variance analysis, principal component analysis (PCA), cluster analysis, and orthogonal partial least squares discriminant
analysis (OPLS-DA) were used to analyze the difference of PS and its different processed products; and the partial least-square method
regression (PLSR) and grey correlation analysis (GRA) method were used to explore the spectrum-effect relationship between the
chemical components and the antioxidant of PS and its different processed products. Result The established UPLC fingerprint of
PS has calibrated 19 common peaks, while 27 common peaks were calibrated in fried PS (fPS) and salt-processed PS (spPS). A total
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of 34 chromatographic peaks were calibrated and 13 of them were identified. Multivariate statistical analysis showed that there were
obvious differences between PS and its different processed products. PCA and HCA divided the raw and processed products of PS
into two categories, and OPLS-DA screened 10 differential marker components. The chromaticity value AE* of PS and its different
processed products was greater than 6, making it visually distinguishable, but the color difference among different processed
products was not obvious. The results of antioxidant activity showed enhanced antioxidant effect of PS after processing, with no
significant difference among different processed products. Correlation analysis indicated that the peak area values of common peaks
had a certain impact on chromaticity values, with a smaller impact on b* values and a greater impact on L* and a” values. PLSR and
GRA analysis showed that the chemical constituents represented by 11 peaks were significantly related to the antioxidant of PS and
its different processed products, including protocatechuate, calceorioside B and rhoifolin. Conclusion The UPLC fingerprint
established in this study, as well as the determination method of chromaticity value and antioxidant activity, can be used for the
identification and quality analysis of PS and its different processed products. The study of the spectrum-effect relationship between
fingerprint and antioxidant activity in vitro can provide a reference for the study of the processing mechanism of PS.

Key words: Plantaginis Semen; processing; UPLC; fingerprint; chromatic value; antioxidant activity; spectrum-eftect relationship;

ABTS method; principal component analysis; hierarchical cluster analysis; orthogonal partial least squares-discriminant analysis; grey

relation analysis; isoacteoside; plantainoside D; rhoifolin; geniposidic acid
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B4 96.6%) . BEAHE (L5 111530-201914,
JREH95.2%) ARRE R (L5 111520-202006,
JREE 94.4%) R ER (b5 111901-202004,
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Table 1 Information of sample source

vy PEITRYT  BENTRY ! it FE kIR

S01 Co1 Y01 LA EZM  YF2106016 VG — 5 RILZDI A BR A 7]
S02 C02 Y02 WL YH2009011 TLPEE T BRIE 25 PR A =]
S03 Co03 Y03 PR LICTT YH2010009 Y794 T IEEE 2549 FR A &
S04 C04 Y04 VAR YH2010011 REMAEEHERAR
S05 C05 Y05 IIPEERMTT  YH2010020  YTP94 FIEEE 254G IR A 5
S06 C06 Y06 PRI YH2101004  YLP§—J7 RiTZ5AT FRA F
S07 Co7 Y07 AT YH2103011 T — 5 RIT 25\ A R A =]
S08 Co8 Y08 LVEREMT YH2104003 il i mvE RAR A FR A F]
S09 C09 Y09 TLPOEERTT YH2106004 WL KEZ5 A R A 7
S10 C10 Y10 ICHAEEZT  YH2109020  {LPE—J5 RILZ5\ AR A =
S11 Cl11 Y11 IHAEEZT  YH2111022 L — 5 RILZG\ AR A #
S12 C12 Y12 TLPOEERT YH2111024 L0 — 5 RILZ5\ AR A 7

2 FEEHER
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FEARE, Hoh o hZrsdh, bR, RERR
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Aa*y.c — a*y _a*c N Ab*c.s - b*c - b*s N Ab*y.s - b*Y -
b's+ Ab'y.c=bvy—b'c. % AEcs=(AL'cs*+
Aa*c.s2 + Ab*c.sz)”2 N AE*Y.S - (AL*y.sz + Aa*y.s2 +
Ab*y.sz)l/2 N AE*Y.C - (AL*Y.(;2 + Aa*y.c2 + Ab*Y.cz) 12 ’
T2 A i A RS B RE . 2048, 3R
SR A DL, THE A R HE 3.

M AETR 6~12 B, HAZEAH AR, 24
AE™>12 I}, fzzE g0, 3R 3 alkn, 12 #t400
T 5H 2 PR 5 it 22 {f 35 >6.0, RIFEIHLXZH4
HORT B X 73 A i S, (R AR TR B 4R T
T 2 Pt R e RN, MELLA IR X 23 o
AL, RSB ERTTI AL N-14.12~-2.52,
BIEN-9.54, HERITH5EERTTH AL N-15.06~
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—-4.90, ¥JMEN-10.87, K E/T T 5 B %,
BN FERl 50 E0T1 1 Aa™N 3.97~5.47,
YIME R 4.88, FRIFHEL R T Ad" N 4.48~5.78,

ot Pyt s Lem YIME N 5.26, RFZFFHOHFAO@INE; T
1 FHF. BERMFREEFETFHRE SR 2hERTF AD IETIE BEEA K, #

Fig.1 Sample drawings

of PS, fPS and spPS WY 25 i} i E B A B AR AN K

S

S

S01 S02 S03 S04 S05 S06

S07 S09 S10 Sil S12

Co1 C02 Co03 Co4 C05 C06

Cco7 C09 C10 C12

Y01 Y02 Y03 Y04 Y05 Y06

Y07 Y08 Y09 Y10 Y11 Y12
2 RMET S BERT (O) REFRITF (V) #EMREEEE
Fig.2 Powder color images of 12 batches of PS (S), fPS (C) and spPS (Y)
22 FRIFREAEESImIESEIEEIL BAHRN -0 1% 5 R K VAV, BRI e : 0~5 min,
221 MiEL&ME KM Waters Acquity UPLC HSS — 10%Z.JiE; 5~15 min, 16%~18%Z./&; 15~20 min,
Ts column (150 mmX2.1 mm, 1.8 um) EifFE; i 18%~25%ZN; 20~25 min, 25%~45% i s 25~
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Table 2 Chromaticvalue results

e L L L

L a b E L b E L a b E
S01 39.72 497 2020 4484 | CO1 26.01 1034 1745 3298 | YOI 3090 10.28 20.05 38.24
S02 3827 528 2030 43.64 | C02 2590 9.89 16.07 32.04 | Y02 23.21 10.2  16.16 30.06
S03 36.60 479 18.65 4136 | C03 29.81 1026 19.81 3723 | Y03 27.00 1046 1838 3430
S04 37.09 550 2089 4292 | C04 2297 9.47 14.06 28.55 | Y04 23.17 9.98 1542 29.57
S05 37.64 482 19.10 4248 | CO5 28.75 991 1934 36.04 | YO5 26.66 9.96 16.80 33.05
S06  39.18 5.08 2031 4442 | Co6 27.87 1036 1880 3518 | Y06 2691 1047 1847 3428
S07 3636 527 1993 4180 | C07  30.68 9.94 19.70 37.79 | YO7 27.28 10.50 18.49 34.59
S08 3999 505 1825 4425 | C08 27.56 9.03 17.12 33.68 | YO8 28.83 10.25 18.85 35.94
S09 35.09 476 1835 3988 | C09 32.57 9.47 20.16 3946 | Y09 30.19 10.06 19.44 37.29
S10  38.86 5.19 1857 4338 | C10 3242 1032 20.73 3984 | Y10 28.81 10.54 20.10 36.68
S11 39.61 4.86 18.63 44.04 | CI11 2891 10.13 19.65 3639 | YIl 27.66 10.64 19.04 3523
S12 39.84 504 1935 4458 | C12 3035 1001 1944 3741 | Y12 27.16 1042 1876 34.61

*3 BEETWHER
Table 3 Chromatic value change results

LR -2 T R T - 2R T BT EEH T
i 5 : P — W5 : P IR ; : PR
AL Aad®  Ab AE AL Aa*  Ab AE AL Aa Ab*  AE
C01-S01 -13.71 5.37 -2.75 1498 | Y01-SO1 —-8.82 5.31 —0.15 10.30 | YO1-CO1 489 -0.06 2.60 5.54
C02-S02 —12.37 4.61 —423 13.86| Y02-S02 —15.06 4.92 —4.14 1638 | Y02-C02 —2.69 0.31 0.09 2.71
C03-S03  -6.79 5.47 1.16 8.80 | Y03-S03 —9.60 5.67 -0.27 11.15| Y03-C03 -2.81 0.20 —-143 3.16
C04-S04 —14.12 397 —6.83 16.18 | Y04-S04 —13.92 448 547 15.61 | Y04-C04 0.20 0.51 1.36 147
C05-S05 —-8.89 5.09 0.24 10.25| Y05-S05 -10.98 5.14 —2.30 12.34 | Y05-CO5 -2.09 0.05 -2.54 3.29
C06-S06 —-11.31 528 -—1.51 12.57 | Y06-S06 —12.27 5.39 -1.84 13.53 | Y06-CO6 —0.96 0.11 -0.33 1.02
C07-S07 —5.68 4.67 —0.23 7.36| Y07-S07 -9.08 523 -1.44 10.58 | Y07-C07 -3.40 0.56 -1.21 3.65
C08-S08 —12.43 398 -—1.13 13.10 | YO8-S08 —11.16 5.20 0.60 12.33 | YO8-CO8 1.27 1.22 1.73 247
C09-S09 —2.52 471 1.81 564|Y09-S09 —490 530 1.09 7.30]| Y09-C09 —2.38 059 -0.72 2.56
C10-S10 —6.44 513 2.6 851 | Y10-S10 —-10.05 535 1.53 11.49| Y10-C10 —-3.61 022 -0.63 3.67
Cl1-S11 -10.70 527 1.02 11.97 | Y11-SI11 —11.95 5.78 0.41 1328 | Y11-Cl11 -125 051 -0.61 148
CI2-S12  —9.49 497 0.09 10.71 | Y12-S12 -12.68 5.38 —-0.59 13.79 | Y12-C12 4.89 —0.06 2.60 5.54
30 min, 45%~60%Z.JiE; 30~40 min, 60%~70% 70 000 FWHM; —Z#i7#5% > 17 500 FWHM;

s 40~41 min, 70%~10%Z.JiE; 41~50 min, T REEDY 40 eV

10%ZE; FEFENEK: 0~10.5 min, 245 nm;
10.5~35.5 min, 330 nm; 35.5~50 min, 245 nm;
RRAE 0.3 mL/min; #3630 C; #EAfRE 2 ul.
222 ik BAME RS E IR S HE
LA FRERA HESI & 76, & TIRSHEAMA
JE 35 arb; AHBIAIRNIE 10 arb; Wi HE 3.2 kV;
SEAF R 50 Vi B INFGRE 350 Cs B4 N
PIRE 350 C. FUEHRMSEONIE .. 8 T
R FHITEEA m/z 150~2000; —Z333i5r RN

2.2.3 MR AVARI B R AR B T H R
JRILRIR . FIBEIR . KR . KBREE. BEK
BEEF  ARJEOR CREH By ERTH T D B EREE
HRWE . SRR -T-O- MBI MEREIR . RBRELE .
FrRFENIR NG, WO, 0 RS R 2k
JE 558 53.072 1. 84.217 4. 86.179 8. 40.512 0.
42.117 6. 158.888 8. 69.034 6. 44.590 0. 57.232 0.
49.182 5. 48.5553. 38.043 2. 62.622 0 ng/mL IR
B0 R VTR
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2.2.4 ARSI BUR AR GE 505D
2)1.0 g, MEWE, BAREHEHY, BEMAH
B 25 mL, AT (250 W. 40 kHz) 60 min, 5
O, JEIE, PEMRZET, FREIN 20 mL KR,
BE PR OB REHN 3 ¥k, BRK 20 mL, A IFEEER 4.0,
AT, FREH PR, EA 2] 10 mL 2, JE,
HR SR yE, BPAS S VA -

225 MEEERLE HZEATT (S04) i myE,
i “22.17 UGS A PRESEFEN E 6 ¥k, LA 17
SRS ki S RE (S, IMESILEE
AT AR B I E] ) RSD A 0.06%~0.96%, AH X4 [
T RSD N 0.09%~2.89%, 44 H 3 WA 28 b 55 i
EY/5

226 foEtEilie IERTT (S04) Al mis,
T “2.2.17 TUNEIEFAE, 2 ERI&E 0. 2. 4.
8. 16+ 24 h FEFENE, LA 17 5 BE e (i ig
R HRIE (S), THE & IA WA R B I ] RSD
N 0.08%~1.20%, FHXTUEHEIA RSD A 0.31%~
2.53%, SRR AAKMIEAE 24 h WERETE R 4T
227 BEEMWRKE WER TS (S04, #%
“22.37 BURN SRR RIET, PAT 6, 1%
“22.17 BUN G FAREREIE, P17 S5 BE/ENE
H kg NS IR (S), TR AT I A (4
IHE] RSD A 0.05%~1.07%, FHXTIETE A RSD Ky
0.13%~2.52%, ZERFLITVEREG R
2.2.8 FROUERE R T S g PN B 12 ik
EFIF. PEAT LEREAT TR, %8 “2237
TUR 7 % R s v, 4% “2.2.17 T a4
PEEREREIN, REMILE. R “HhaaitaaE
TEABLEE PRI R4t 2012 R SR EAT R A AL 2, 42
SLARSUEE, A HILL S01. COo1 AT YOl SR
SR, DL A0 I ot I8 R AR o 3K
I3 AR 12 AR T IO AT T S R RO R
RO . 12 ERTFIbrE 17 19 MLEEE, 12
HEID ZEFT R B AT T3 T 27 MR, 45
RO 3. Ed AR TR AT
XFEGA T, 0T Bl R B B 8] B2 58 IR S 1 Er
XF, fRNH A 13 ANEERSY, BAGSRLE 4
EX S

2.2.9 FARUEVER  AACAERTT . BERTT A ER
ERI TR IIRSIEE AZ R, IHE 12 #LERTT
(S01~S12). %/ (CO1~CI12) K%+
(YOL~Y12)FR S Bk i ARALRE , 455 737108 0.998.

0.998.
0.999.
0.914.

1.000. 0.997.
0.999. 1.000
0.999. 0.999. 0.996. 0.991.
0.998. 0.995, 0.981. 0.965. 0.995. 0.941. 0.959.
0.976. 0.984. 0.984. 0.995. 0.982. 0.987. 0.984.
SEREIR, 12 LEATF (S01~S12). K HATF
(CO1~C12) FihBRIT (YO1~Y12) [RAALEY)
KT 0.9, BEEAAFERCIR /T 51 ke 2 725
NI W0 I /=T S A (61 QR 2 S I e
BT WHERTF BB RT 728 i R FR o &t &
N, ERF 50 EATFRIAEEE Y 0388, %
AT 5 R FF AU AE A 0.358, AR T T 538
ZEHT T AU B A 0.997, 6 B 22 BT 142 i 5 10 1
it B B A2 oy 22 S PR K, TS [ M ] i 22 T
ZERRN.

23 FRIFREARMESMS UPLC BXEEZ T
Fito

231 BRREEFTEST  HERTT SIHAEHS] 5
TR GRSk i g A Bl 0 1) A
SPSS 26.0 HHAT K R T 20 M, BRNEK S, 4R
KW, ERT&MEHE, EISER AR BN R .
Hb, MECTAM, ZERTFHf 5 UPLC fagu Bl
HOETIE 113 AN, Sl elE 1~3, 6~12. 18,
20. 28, HHT 4 NE, 4RINIE 14, 164 23, 31,
AR, BRI 25 41, ZERT M) a5 E 0 i g i AR
SR AR ZE R AES T %E L (P<
0.05); WERTTS5IERTHIE 6. 8. 12, 15, 17
(BEAEPEE D 19 (FERIEE D). 21 CrEBRieh
. 22 (EFEME ). 24, 264 27 33 [HIETHFR2
R BA SR X (P<0.05).

2.3.2 ER4T45rHT (principal component analysis,
PCA) B 12 #LEHTT (S01~S12). KWHHFF
(CO1~C12) KRR F (YO1~Y12) [l fL (G
IrERR A TEIGIETH AL 0 1) S\ SIMCA 14.1, #t
17 PCA. LURHIE(E >1 Jobrife, JLIRELT 3 DEK
Iy, BRTZETREN 93.2%, HRnBAITIN K1,
AR 12 SRR SRR SRR R
ER, & ERTTERENE 6.

HAT 3 N B @ AR R, BRI ERTT
YOZERT T K ERZERTTH PCA 184y B 5 s 45
KR, ERrAERSARRATHES N2 4, H
AR AR BT TR A A B S, TORAE
UFHRIX 55

0.999. 0.999.
0.999, 0.950-

0.999.
0.955.
0.939.

0.972,
0.999.
0.997.
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Fig. 3 UPLC fingerprints of 12 batches of PS (S01—S12), fPS (C01—C12), spPS (Y01—Y12) and their reference fingerprints
(SR, CR, YR)
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0 4 8 2 16 20

4- B HIER  S-BRJLRIR  13-FIEEER  14-KE/ME  16-K BRI

24 28 kY 36 40 44

17-BEACPET 18- KEHRLFER B 19-ERiH4 D 21-FBEEH

HO22-TEME  23-FRR-T-O-M A PEEIR Y 28-KBEE 29-4%ER

4-geniposidic acid  5-3,4-dihydroxybenzoic acid  13-ferulic acid

14-plantamajoside

16-cynaroside  17-acteoside  18-calceolarioside B

19-plantainoside D 21-isoacteoside 22-rhoifolin  23-apigenin 7-glucuronide 28-luteolin  29-apigenin
4 RAXERME) UPLC
Fig. 4 UPLC of mixed reference substances
®4 IEQEIEHBIERERAER

Table 4 Identification of common peaks in fingerprint by mass spectrometry

&S r/min wEY s WEEM—H] TR (mlz)

4 246 HETFHR CisH22010  373.0117  123.044 1, 124.047 5, 101.023 2, 113.023 3, 121.064 8
5 583 JFILER C7HeO4 1989359  142.9455,98.955 4, 114.950 4, 126.950 5
13 1178  F#ERR CioH1004 193.0500  134.036 2, 178.026 4, 137.023 3, 149.059 8
14 1130 KEpH C29H36016 639.195 3 161.023 5, 113.023 2, 135.044 1, 133.028 4
16 1337 ARBHF C2iH20011  447.0936  285.040 5,284.033 1, 447.094 2

17 13.95 BEICHET C29H36015 623.198 9 161.023 5, 113.023 2, 135.044 1, 162.026 9
18 1438 AKIEH LM B CsHaOn  477.1406  161.023 6, 135.044 1,179.033 9, 133.028 4
19 1487 ZEHiHEAF D CoH3016  639.1949  161.023 6, 113.023 2, 135.044 2, 71.012 6
21 1674 mERICHE C29H36015 623.198 9 161.023 5, 113.023 2, 135.044 0, 180.037 6
22 1852 HPEEMIE C27H30014 577.1572 269.045 7,268.038 0, 413.088 1

23 1927 FRER-T-O-HIE MY CuHisOn 4450779  269.0459, 85.028 2, 59.012 6, 113.023 1
28 24.64 AKBREER Ci5H1006 285.0410  285.0410,133.028 4, 151.002 8, 175.039 5
29 2618 FEER C15H100s 269.0459  269.045 8, 151.002 7, 117.033 3, 149.023 4

2.3.3 JZIRFELK M (hierarchical cluster analysis,
HCA) ¥ 12 #t4HT¥ (S01~S12). M7 HI¥
(CO1~C12) K #HZERTF (YO1~Y12) [RUETHAR (3
SR s I TR LA 0 1F) N SPSS 26.0, K
AIANERE, PP R ER & 8 7 Kk, #E4T
HCA. ZRUINWE 6 fis, BB S, %
B FAE M SR AT 2 25, (HIZERTT A
R T AR RS, Horh C09 FMER N —2K,
HARAIR B /T TR TR —2K, R
R AR 1T TR AR RO, 5 PCA S5 R
AR —H.

2.3.4  IEA R/ —3fe-#171 53 1 Corthogonal partial
least squares-discriminant analysis, OPLS-DA) &

TIEER T WEAT R T B 2R R
AR, ¥ 12 ERTT (S01~S12). K ZERT
T (CO1~C12) KFERZERTT (YO1~YI12) HJUEIH
Gl Bk ik g AR L 0 1F) F A SIMCA
14.1, 34T OPLS-DA. *f&-Fabr)A & B LMK
(variable importance for the projection, VIP) {HiEAT
KNHER, 3 VIP AH > 1 BIFEFRIE N X 5 2001
WIERTF KRR T I E 2 F R
LRI R &R AT T OPLS-
DA #i8d, BAr g RFERERE SIS 5 R2 M 0.985,
AR RANERERE 1S5 R N 0.938, THGE 1S
B 0?4 0.807, HIAT 0.5, B A AR AL H A R
AR AN T2, 19201 OPLS-DA 15377 B LI
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Table 5 Results of one-way ANOVA of fingerprint peak area

I T A/(mA U min)
5
KR ERTT HEMT

1 0.0040.00 13 832.92+2 641.53" 1254733+ 1 872.24"
2 0.0040.00 75489241 572.35" 7 583.75+865.24"

3 0.00%0.00 10972.42+1 561.94" 10 719.17+1 139.90"
4 9 091.00%5 129.77 16 215.67+3 134.14" 13 575.08+£3 109.03"

5 0.00%0.00 15 984.42+3 678.46" 15221.75+3 554.49"

6 0.0040.00 49 517.00 +4 409.88" 44 102.67+7 302.92"

7 0.0040.00 3816.58+1521.57" 2998.504701.85"

8 1728.0841334.11 4973.42+1516.78" 3911.83+-549.53"

9 0.0020.00 5442.00+2 567.71° 6390.00%1216.05"
10 0.00%0.00 6 677.75+2 438.52" 7399.42+1334.17"
11 0.00%0.00 5312.75+£962.56" 5482.92+894.53"

12 0.0040.00 36 890.67 -4 398.85" 33 118.33+3 318.13"
13 90 578.08+-27 218.52 14 894.17+2 273.68" 13 385.58 +1 581.43"
14 15 037.25+2 444.89 0.0040.00" 0.0040.00"

15 7601.33%5616.86 54262.83%5 874.66" 45 348.00+7 371.00"
16 8909.33 1 720.45 0.00%0.00" 0.00+0.00

17 2 645 925.924+224 423 31 240 184.08 +135 608.88" 133 584.4251 804.12™
18 0.0040.00 342218.50+55 942.16" 318 106.75 +42 468.05"
19 16 026.33+1942.29 9292.1742925.52" 6 004.0041263.12™
20 0.0040.00 7244.00+1516.53" 7351.58+816.50"
21 339 480.75 +32 435.52 544 985.08 +233 808.40" 348 601.08 £102 537.66™
22 52 400.08 -4 796.75 22 859.92+10 962.57" 13 712.00+4 717.27"
23 15 816.92+2 528.09 0.00%0.00" 0.00+0.00

24 3 449.67+428.50 6 536.1742 042.20" 4941.674927.98%
25 4958.92+2 446.34 5567.58+1735.38 5384.92+839.59
26 12 695.67+2 835.32 6 604.75+1429.21" 4222.75+791.17%
27 10 149.67 +825.39 1 824.50%1890.51" 0.0040.00"
28 0.0040.00 4514.67+2362.02" 3435.67+1587.42"
29 3 142.1741401.33 41 687.92+8 850.46" 41 856.75+8 246.67"
30 3527142411 962.80 580.67+1050.73" 201.504698.02"
31 19396.1746 165.13 0.00+0.00° 0.00+0.00

32 217 876.33 +167 259.53 33258.75+12519.90° 31503.17410 434.39°
33 294 514.08 +147 219.67 1938.754+2431.91" 250.00+866.03"
34 4777558 +27 961.71 3 858.254881.09" 4152.92+1081.67"

HERiFHE: "P<0.05; SWEFTIE: "P<0.05
*P <0.05 vs PS; *P < 0.05 vs PS

7, VIP LA 8. I 7 WAL ERIT BERT
Sk i S RAGP PSS 2 STE Wl E P
L VIP fE> 1 AFRAEILARIR 10 4> VIP fH, B 22
HE#ficomie 21 CREZEIERITT), 24, 19 (Rl MO BHIEM  JrRVUREss  SBUSESURE%

Fz6 ERTFEERFERBKE
Table 6 Characteristic values and contribution rates of

principal components

A D). 26, 22 CEFEMT ). 8+ 4 (e FHR)- 1 25.9 80.90 80.9
27, 7+ 15, LB ATRE R 0T T WA F 5 2 2.53 7.90 88.8

LR E R AR ED 3 1.43 4.46 932
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Fig.5 PCA score chart of 12 batches of PS and its processed
products
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Fig. 6 HCA chart of 12 batches of PS and its processed

products

24 EFTFRETEEG @EIMUELFENE
55
241 MEIE  AAWBUERKSEARL -, AwF TRt
AR IR BRI EERR R K 60 ng/mL, 2 RS B A8
BT & A RLE T AT T 5E

(1) BGRER AR OB 1 eARTRJL
TERTTEARES, BESOIN 0.49 mL ZETE K .
@7 2. I HIATRL LR VR A JRHS, BESTIN

IIIIIHH‘

|

N
N

2

>ue
B RS
4 =

1.000 68*t[2]
(=)
>

1#[1]

7 12 #tERIF R AEH G OPLS-DA
Fig. 7 OPLS-DA chart of 12 batches of PS and its processed

products

2.86 mL Z&MK, 7orIEfE, . @ABTS T
MIECH: A AR SRR AR B4R -5 2 (10 D
ELliR A, e &M 12h 5 (2d A5, BAL
K CEERRE 20~30 f5 4 H

¥ EIRERIE R 7 B R RS R R B
6 min, B EIIEL A OBE 1 em) 3, T 734nm
AN ERE (4D 15, 43 EN A wan A wiefl A juses
I ABTS H HIEERE.

ABTS HHIEBERFE=1— (4 we—A4 ww)/4 =0
242 MESR 12 ZERT1F WPEATT LEREAT
FIPUEEATE N E 45 R WAk 8. A L, 12 fLZERT
T R Y B A ERR ABTS H HIEREES, H
PRI IR, SRENT TSP ENTFERAR,
R FAE SRR B I A5 .
25 F-BXESW

W 25 10 1 B LA [0 M ) ot 1 8 5 A 5 06 T
CGH oA E S I I T AR LA 0 11D N SPSS 26.0 i3
TR /RHD (Pearson) AHICME M HT, L5 IR 9. 4
BB, BRIE 21, 24, 2541, S GEHAE S
LA, aME Kk EMEHEMREZEML (P<0.01); Hr
W 13, 14, 164 17. 19, 22. 23, 26, 27. 30~34
5 LA EMEY) 2T EADE, HARWgS LEM
E'H 2R E A 1§ 1~120 150 18, 20, 24,
28,29 5 a"H 2 EF IEMK, HRES o H 2K
SEAMIE, 1§ 19, 210 22, 25, 26 5 bMEHEM
B IEMIE (P<0.0D), 424 5 p™{H 24T IEAH
X (P<0.05), W& 5,9, 10 5 bl L2 F k%
(P<0.0D), 1, 2. 11 5 pHERFZEFIK (P<
0.05). ST F, #&3A i g A ME XS (5 B2 (E 35
B, X bMEREN, X LYME. o EY
M K
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VIP[2+7+0]
g 21 —

AN — O MOt NOD
L o T

fpefoppee

— N = NN O T AN
—_ O — — _‘N-—‘wmmt\l %m—'mmt\l
ST ST S

var ID (primary)

8 12 #tFEHIF KSR VIP 557 E
Fig. 8 VIP score graph of PS and its processed products

®7 ABTS RE#HHR
Table 7 ABTS reaction system

J WA R FEA /UL Tk 2B /uL TAE/uL
M5 50 / 950
o e 50 950 /
THE / 50 950

*x8 MEMBEMNESR
Table 8 Antioxidant activity test results

Feah  TEERE% | MR TEBRE% | FRAR B %
S01 64.36 | CO1 73.84 | YOI 69.10
S02 6120 | C02 76.90 | Y02 69.99
S03 59.23 | C03 7433 | Y03 7187

S04 61.20 Co04
S05 61.50 C05
S06 58.14 C06

70.19 Y04 73.15
72.36 YO05 73.35
72.46 Y06 70.98

S07 58.84 Co07 70.98 Y07 75.22
S08 54.10 Co08 71.17 YO8 73.54
S09 63.28 C09 67.32 Y09 69.20
S10 56.17 C10 72.00 Y10 71.47

S11 57.06 Cl1 73.05 Y11 70.78
S12 54.99 Cl12 72.95 Y12 67.72
WME 59.17 WH 72.30 W 71.36

2.6 IE-MXFRS

2.6.1 M/ 3 7% (partial least squares
regression method, PLSR) 7317181 230k Ty
%, A SIMCA 14.1 ¥cft, BLI2 fiLFHT 1 7%
BT R0 T ABTS WSR2 &, JLAig
(TR AT FANBRK S 5 N B Gk
TR LA 0 1), K PLSR #HATAHCHESMHT,
HALHIEEREA Y=0.059 X1+0.095 X>+0.001

X3—0.016 X4+0.048 X5+0.058 Xs+0.030 X71+0.090
X3—0.036 Xo—0.007 X10+0.075 X1;+0.066 Xio—
0.095 X131+0.008 X14+0.061 X;5+0.084 X16—0.008
X17+0.047 X15—0.112 X19+0.007 X20—0.051 Xo1+
0.005 X2+0.013 X23+0.080 X24+0.131 X25—0.060
X26—0.018 X27—0.164 X23—0.066 X20—0.052 X30—
0.055 X3;—0.092 X3,—0.114 X33—0.114 X3,+40 761,
RN RFR AL A R B 9. Horr, W 1~3, 5~
8+ 11, 12, 14~16. 18, 20, 22~26 K[ FH%
KT 0, RIFHSHUEEMIEE LB, HARUER
B RECN A, SHTEAIE R R SR .

2.6.2 KEKEE (grey correlation degree, GRA)
IR R AT T AT R AR T I

T AR GRS I AR LA 0 11D FIHTA
S MEBEHEAT AL A B . Kb HE R P AL IS
PEECE S E AEFS xo k), WEHAREIE N T
xi o Ge NS, RIEAR (D HHETFHS T
FFHIRIR BB R L Hoh p NP REL p Bb,
W o TR, — R p MEUEIX A0, 1], Hp<
0.546 3 i, 43HEJ1dcls, BHEI p=0.5. AKX
(2) TR R A I, ORI, 4
R 100

min min | x, () = x, (k) | +p maxmax | x, (k) =, (K) |
£ (k) =—— L

1% () =%, () [+p maxmax |, ()~ ()|
(@)
1y .
n=ﬁZém 2
j=1

HIRERE KT 0.8, WIS B 51 5 1 F7 91 K Bk
FEBUOR: MRHRENT 0.6~0.8, NIZ7R 3 KHK
P8 2RI /T 0.6, MR R — 3 RIRERUN
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®9 BEESUERS (BiEE) BEXMESHT

Table 9 Correlation analysis between chromatic value and chemical composition (chromatographic peak)

e LIPS/ e LIPS S/ . R ZA L
r a* b E r a* b E L a' b E*
1 —0.907"" 0.949" —-0.365" —0.853*"| 13  0.787*" —-0.912*" 0.230  0.716™| 25 0.001  0.180  0.516™ 0.098
2 —0.938" 0.957"" —-0.422" —0.891*"| 14 0.881*" —0.968™ 0.278  0.812"| 26 0.816™ -0.851"" 0.428" 0.781""
3 -0.889" 0.971™ —-0.293 —0.821**| 15 —0.792"" 0.934" —0.118 -0.704"| 27 0.856™ -0.956"" 0.254  0.784"*
4 —-0.601"" 0.561"" —0.264 —0.577""| 16 0.850" —0.962"" 0.283  0.781"| 28 —0.465"" 0.739™ 0.230 —0.346"
5 —0.933" 0.918" —0.484™ —0.901™*| 17 0.910™ —0.982"* 0.321  0.845"| 29 -0.796™ 0.941" —0.154 —0.711*"
6 —0.856™ 0.960™ —0.241 —0.782™*| 18 —0.860"" 0.965"* —0.249 -0.786™| 30  0.827"" —-0.920"" 0.218  0.754™
7 —0.676" 0.833" —0.038 —0.585™| 19 0.914™ —0.851™" 0.524™ 0.892"| 31 0.842" -0.922" 0.243  0.772"
8 —0.582" 0.718" 0.033 —0.494"| 20 —0.878™ 0.968" —-0.276 —0.807""| 32 0.646™ —0.667" 0.198  0.600™"
9 —0.949" 0.859™ —0.623" —0.944™| 21 0.080 0.274  0.611"™ 0.201 | 33 0.818™ -0.857"" 0.155  0.744™
10 —0.950" 0.895™ —0.564™ —0.932™*| 22 0.939™ —0.892** 0.560"" 0.919"| 34 0.732" -0.783"" 0.189  0.671"
11 -0.911* 0.948" —0.385" —0.861""| 23  0.855™ —0.972" 0267  0.783"
12 —0.877" 0.969" —0.275 —0.807*"| 24 —0.279  0.587" 0.391" -0.154
"P<0.05 “P<<0.01
A .

AL A R 5

|
<
)

P

0.6 1

0.2 1

70.6 4

Fig

F10 REKELER

Table 10 Results of relevance

13 16

19 22 25 28 31 34

S
9 PLSR fofELEVIREE

.9 PLSR normalized regression coefficient plot

g RIKE HE4

1

O 0 9 AN LK B W

[
[l )

WS ORI fFA VRS SRR HES
0.846 10 | 13 0.775 25 | 25
0.842 19 | 14 0.694 32 | 26
0.845 14 | 15 0878 6 | 27
0922 3 |16 0.695 31 | 28
0.845 13 | 17 0.732 27 | 29
0.845 16 | 18 0.846 12 | 30
0.843 18 | 19 0869 7 | 31
0915 5|20 0846 11 | 32
0.837 21 | 21 0921 4 | 33
0.839 20 | 22 0834 23| 34
0.845 15 | 23 0.694 33
0.845 17 | 24 0934 1

—_—
[\

0.927
0.863
0.742
0.835
0.863
0.706
0.698
0.791
0.708
0.846

2

8
26
22

9
29
30
24
28
12

2 10 Al %0, 0§ 1~12. 15, 18~22. 24~26. 28.
29.34 S5HE s Bk /R FH RBRFEEUR . 5 PLSR
SREEG T, ATRARHIE 1~3, 5~8. 11, 12,
15, 18+ 20+ 22, 24~26 52 548/ R LMl 5 1
PUAAMIEPECERBE BRI IE A G g, B R = 2
TR AER By, i 5 950 LR . U6 18
RAER CIEE By Vg 22 BTN, Hap kg
FIT XS R 53 R 3 3 A g it — PR R 9T
3 g
3.1 BRSO E AL

AL 4y e 7RI 2 (R D 2
AR (60%-+ 80%-+ 100%FHEE). HEELASE] (0.5.
1.0, 1.5, 2.0 h). ¥#FIAHE (25, 50 mL) XHHFHIE
T € il 0 (10 e R % O T AR PR 52 ], 45 SR R R ZE i
FHER AT AL BRI EE 25 mL B 1.0 h R

=
W
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B, [F, ARSI KA PDA Al &% 42 h1
e L] iy AT A K, R e
SFAFERTE 238 nm NABRAEIMNRIYL, R LAIRTE
259 nm A H KM, BETEHET K& SR A
WA 330 nm, S BESAEMET . ORRBEAF. BN
T TRR-T-O- MBI . 78R KBER
() 5 K8 AR IS 330 nm BiE; B 0~10.5 min
A1 35.5~50 min i}, IEIELE 245 nm FRFE,
AR5 10.5~35.5 min [, (4 EI4AE 330 nm
TRFEE, HIMRWESR. Rk, ARSLkRg R
P K 1 77 00 ZE 117 B A R i) UPLC
Fe o BT R .
32 £EE5FREHIGEE

AR IR T R F S IHA F ] 5 ) UPLC
g, Lbrw T 34 MEEE, KPR ERTE
194, BEATFAMSBENTEH 27 . HIRARK
HO3ANEERS, HPEFRLAT 104, BE
BT AR ZERT T8N T 10 AN ZERT Tl 5 i
WEAAE B B, BTG T 13 Mg, B R)LRIR . AR
KO B MARRER; LT 4 M%, BFKE
A ARREIA TR R-T-O-H B R, kit
T Ve AT VR SR ZE W A S R 1 R R T
. [FIRF, 04 8. 15 AXTEMB A MR G AT 1A f A
H, HTEZERT s e g R A R, Hig
AT AR (P<<0.05), iHHIE 8. 15 FrRAE
I E DTN SZ G FTE I R Ay, 2B R e ) R
DR ] RE A P Mg R v, S AR A = 2R 1
I 27, 30, 33 FEA G011 A mh A R, (B4
TR /M) AR S S R 23, HAas) s Big 3
AN REIE IR N FAE i (P<<0.05), TRAIE
27+ 30, 33 FrRAE LA R R Y, M52
NG G o RREEAL, A M) AR 0 27 30,
33, AIREAtIEMEHITRE Z R S BEETES
Hr & SR 3 BH ZE 11 B LA ot A AR A 2 R A B
HRFMZER, H PCA. HCA 45 Bl 524514
HIHT G R & 2 ROk, #— KA OPLS-DA
S MRS R RI B AT TR 0 F, RIS
10 ANEEZ SRR EY) . RSB L, 8
2 AE*>6.0, AT BRI 42 5T 726 i S M i
FEFRAIE TR R, BLABTS H HEMITERRRME
PRI A R TR bR AT b, SR BN
BT 1] 5 DU M i A ot B B 4 v, AN
1l T RV 1 22 S AN K

33 HATHSR

R A 5 BRI Rk, TR B
TEREF ORI, R A T AEE ORE Bs
R R -T-O- B B FERE TR W 2R, AR R W] 1
I, JRPH AT e S M I o M B R A A DR
AR, AR ZMIERIM TR i &
55 R R R A FABEAR LA, (E e IRETHE R B & &
AR AR24, B R R I T AR R AR J5 B PR T RE S
PR O i) LR R A R 5 2% A3 I mT e A2 PR v
T 27 NI T &, AR AR TR A
PITE MG AT KR o i 23l ihdh, i —
SeAY A B T i B AR R — 2P AT
34 E-WEERESH

2Ry A, WRITIEET, BIERN, 2%
By ZHLS. ZREMFEERISR, fRgUE
AT CATEREAAR 7K I B R 25 A2 i o 2, (AN R
B HIWGHAT I . P2 REF SRR R R 2
ZIRURAR LB TE A B R R IR, T LUBAL 2 o
SR G2 ARG, S R 2 R A R R 24 R P
W B E L S

PLSR JEPYZEA IS M AH IS HT AN 32 e o
ST, SEINUERG TSR, B RGE AT, AT eUE
TE R R 1) BT DS A AR A 0 1 5 A U 43 %o 24 5K
M TTHRFERE s R LRI BTS2 i 9 2 MR R A8 b
RABEAME I — R G 22071, 2 ANRZEZEK
R, R ZH MR R AR, S
EHTONHEAGEER —HEWREERE
W, R R R APIE H 209200, AR 5T R A PLSR
RIR A I W AR 5 6 BT, IS T T+
F H ] i UPLC 4820 s 5 Ho AR s PR A 2k
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