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Abstract: Objective To establish a comprehensive quality evaluation method for Runzao Zhiyang Capsules (RZC, /g 15 i 28)
by quantitative analysis of multi-components with a single-marker (QAMS) combined with chemical pattern recognition and weighted
technique for order preference by similarity to ideal solution (TOPSIS) model. Methods HPLC was used with Epic Polar Cis column

as chromatographic column. The mobile phase was acetonitrile-anhydrous ethanol (80:20)-0.1% phosphoric acid (gradient elution).

RS EHER: 2024-03-12
ELWB: BiugRIRImE (EAFRTERD (2024SF-YBXM-277); BRyGERIBHRITE (EH SRR3R 781D (2023-JC-QN-0805)
& &N KXW (1987—), 2, WiTHIHA, UK, Wit, EFZI, FENFAYR B EIRIGERZ .

Tel: (0571)63157964/13588377177  E-mail: vimrgkj@163.com



« 4712 - PER 2024F7H B55% B 148 Chinese Traditional and Herbal Drugs 2024 July Vol. 55 No. 14

The detection wavelengths were 320, 280 and 220 nm. A QAMS method was developed for simultaneous determination of jionoside
A1, verbascoside, jionoside Bi, 2,3,5,4"-tetrahydroxyl-diphenylethylene-2-O-B-D-glucoside, polydatin, mulberroside A, moracin M,
dihydromorin, sophocarpine, matrine, oxysophocarpine, sophoridine and oxymatrine in 15 batches of RZC by using stilbene glycoside
as internal reference. The chemical pattern recognition was used to analyze the detected content data, and the chemical composition of
the quality difference of RZC was excavated. The variable importance for projection value in the chemical pattern recognition analysis
was used as the weight, and the weighted TOPSIS model was further used to analyze the detected data, and the quality difference
evaluation of different batches of RZC was carried out. Results The 13 components in RZC had good linear relationship in their
respective ranges (r > 0.999). The average recovery rate was 96.97%—100.12%. The relative correction factor had good durability.
There was no significant difference between the measured value of external standard method and the calculated value of QAMS.
Chemical pattern recognition showed that 15 batches of samples were clustered into 3 categories. Oxymatrine, 2,3,5,4'-
tetrahydroxystilbene-2-O-p-D-glucoside, mulberroside A, matrine, oxysophocarpine, polydatin and verbascoside were the chemical
components with different quality of RZC. The weighted TOPSIS model showed that the euclidean closeness of 15 batches of RZC
ranged from 0.122 0 to 0.728 0, suggesting that there were some differences in product quality between batches, and the quality ranking
was basically consistent with the results of chemical pattern recognition clustering. Conclusion The established method of QAMS
combined with chemical pattern recognition and weighted TOPSIS model can be used for the quality difference evaluation of RZC,
and provide reference for improving the quality control standard of RZC and ensuring the consistency of clinical efficacy.

Key words: Runzao Zhiyang Capsules; QAMS; oxymatrine; 2,3,5,4'-tetrahydroxystilbene-2-O-p-D-glucoside; mulberroside A;

matrine; oxysophocarpine; polydatin; verbascoside; chemical pattern recognition; TOPSIS; quality difference evaluation

T 45 1 e 3 (Runzao Zhiyang Capsules, RZC)
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IR E, FERMERIIT, InBGE i B AR A HE 7%
(technique for order preference by similarity to an ideal
solution, TOPSIS) 21l i X % VP4 48 AR 34T A PRI
B, LER B BARAL H AR ORE B A R HEAT 255 PR
A G MR R VA iR ZE R R, )
S 2R B B 5 R R R TR

HH61T) AHE 5T SR QAMS Y2 [ 5E 15 it RZC
HAEHL TR O ETT Ay BESTERETY . B OR R
H By SOROHE . JERE . REH AL REERE M,
TERAR. PR WS AP, M
BN SEAL T S 00 & &, @57 RZC ZRMR S % T
o AL ZERE LR N Fodk Bl 23 Fr B A N 2 SR
THEEZI, BIREIE RZC FiEZE TR &K
5o AV DA Ak 232 455 AR 3l A 0 AR o B PR
(variable importance for projection, VIP) {H NALHE,
HEST AL TOPSIS BN ARk ¥k RZC 34T i B 22
SEVEY, NIRRT RZC B ArESL e %

1 {UEEMH

1.1 4=

Mettler AE240 AU HLF- R, Hii AFRAEEI-HEH] 2
NF]; Waters 2695 1Y S 80 A (154X, € [F Waters
2vwl; SK500DB AU A pE veds, FIgRLSAERA
FR51/E/AH]; Thermo Vanquish 7 = R0 AH i 4%
2£[# Thermo Fisher Scientific /A & ; it 4+ Epic Polar
CistE (250 mmX 4.6 mm, 5 um). Welch Ultimate
Cis £ (250 mm>X 4.6 mm, 5um) F1 Waters Bridge
Cistt (250 mmX4.6 mm, 5 pum).

1.2 X%

o B S S (S 110805-202010, J5i &4 %
98.7%) BEALMET (b5 111530-202315, FiEs
$97.6%) FEDL (L5 110784-202207, iS40 %
98.2%) FAAFRImN (HL5 111652-202202, iy
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£091.8%) FIEHLE (b5 111575-201603, FiE5
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HE IR (S PRFO091107, i &4k 99.9%) Al
FZ T A ('S PRF9070342, JFi &4 %1 99.9%)
TR AR R AIR AT i, tikal,
6T 3£ [ Fisher A®]; /K LEE, Gikdl, WK
AT RERHERM A R AR R HEEA OB AR
WA, BT AR T AR T EA R, RZC, #it
5 211212, 211219, 220201. 220303. 220414.
220903 221004 221107 221108, 221201 230303
230305, 230310, 230604, 230806, %% S1~S15,
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PERIS F 0 SR VB T WL e E TR R A B IR A
A, WA 245 S AS G 78 B MR 2 S i 7 D %
ENIEM, fTE S (iS5 20221006, P2/ K
BRI S EEY M E Y Polygonum multiflorum
Thunb. P FHEHAR: HIATE S (5 20220902, 7=
MDY ZERMA B S AED ] 1 T AR
Hli: AHEE GIES 20221002, P2 AXS
BT B EY T Rehmannia glutinosa Libosch. ]
TR, it S 20221105, FPEHUIEE) N3
BIEBEHEYZE Morus alba L. TEY; 5 ks
20221001, F=uiipi) A ERE S EEYE S
Sophora flavescens Ait. [F] T 1R ;s £03E M (L5
20220801, F=HuIIAL) A= RRARHE - 5 e fE A
W5 Girardiana heterophylla Decne. ] -5 4= 5 .
2 FHEEHR
21 BifEH

%44 Epic Polar Cig; st N ZME-To/K 4
i (80 : 20, A) -0.1%EMR/KIEIR (B), BhEEHE/ML:
0~11 min, 10.0%A; 11~23 min, 10.0%~26.0%A;
23~32min, 26.0%~40.0%A; 32~45min, 40%~
75.0% A ; 45~63 min, 75.0%~82.0% A ; 63~70 min,
82%~10.0% A; AR E 1.0 mL/min; FEid 30 C;
WK 0~32 min 7E 320 nm & A2 3 3 2K 2.
T A BEACHEE . AR AR B, KOS

HRPERLF; 32~45 min 7€ 280 nm A S L1 AL
FEAEMM ARG E; 45~70 min 7E 220 nm £
MIFRRT . S0 PRI e B A b v
bl BEREE 10 uL, TN 70 min.

22 AREIHIE

221 REXMEER A EIRBEZ AR AEY) U
Tt B A BRI (1) 0 HR S =, A 50% R i A 7
FEHL B IR ZFEE A1 0.052 mg/mL. BEIEREE 0.114
mg/mL. FEHLTOOR ZREH By 0.036 mg/mL. 2K/,
J#1F 4.170 mg/mL. FEALEF 0.816 mg/mL. REH A
0.078 mg/mL. ¥ & M0.062mg/mL. ~AFEMOK
0.024 mg/mL. MK 0.312 mg/mL. % Z6 2.890
mg/mL. AR 2.292 mg/mL. A€M 0.758
mg/mL AT S, 6.930 mg/mL 7RG 1 &
W ABRE RSB BOZEER, F 50% F BEMRE 20
W, REA), IR 13 AN REIR S 0A 2.60.
5.70. 1.80. 208.50. 40.80. 3.90. 3.10. 1.20. 15.60-
144.50. 114.60+ 37.90. 346.50 pg/mL FI7E A5 HE 5
IR

222 MHREAR B RZC WAL 0.5 g, K55
FREL, X 50%H G R, A SKS00DB Uit /= ik
VersiaE (250 W, 40 kHz) 30 min, /4, €L,
F 50% FEEE AR A 25 mL, $85), BIf5. fEHE s
CWEF A BRI AT ZE B At
AR R A3, IR S RN SRR AT 1 5 R |
g SIERS, JEEH A REEM A0
FRRMACRMERS Y, AR, S0, AR
ol PR BN AL S0 S U Sy, 1% RZC
AT R (fTE S 291 g HIFT 2 265 g A
429 g, FM 291 g. T2 291 g. ZLIEHK 150 g)
HilTE (ES. EHEE. . HSRLERK
KRB, OIS S 40k, RS, T4,
LiR L P 1 il B 7 A EN LA N T = R IR = EE N
BRI BRE S PIES, B R SR
4 ANFE R B P S AR . BT R4 0.45 pm
AL g, ik HPLC 43 #f7 .

23 FHEFER

231 IR RABZNEFERS. H%ERIOR
AR ST N “2.2.27 TR 5 MNAW 10 uL,
53 WEN HPLC A%, 455 HPLC B (B 1D &R,
RZC Bl iE R 13 MR RS 550 HE S VA
TRE R R A —E, HE5MA AR S8R R
U5 BAPEASRS AT IRAN ;BB ARE 5 Bor f
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IR B R T Ay 2-BEIEHETY; 3-FEM TR O By 4-
TIROIE SRR 6-REHF A T-RFRM; 8- ARAEK;
9-#LRH; 10-T5 S0k 11-FAMERGE; 12-B0Em; 13-F S
T A-RAMIG: B-RZC; C-HusgBIvE: D-f v 2 Al i v 2
FAtE; E-ZrHEIte; P 2Pk,

1-jionoside A;; 2-verbascoside; 3-jionoside Bj; 4-2,3,5.4"-
tetrahydroxyl-diphenylethylene-2-O-f-D-glucoside; 5-polydatin; 6-
mulberroside A; 7-moracin M; 8-dihydromorin; 9-sophocarpine; 10-
matrine; 11-oxysophocarpine; 12-sophoridine; 13-oxymatrine; A-
mixed reference substances; B-RZC; C-without Rehmanniae Radix;
D-without Polygonum multiflorum Radix and Polygonum multiflorum
Radix Praeparata; E-without Mori Folium; F-without Sophorae

Flavescentis Radix.
1 RZC ¥BMHHEIEE

Fig. 1 Chromatograms of specificity determination of RZC
WU T RAMIE T 5 000

232 ZMEXRRFHE FEFEWHL “22.17 WUMNEE
BER, ik 6 MANE R EIRE (Ji's 1~6),
KH B KRB EHEHEWI 10 pL, 2 AEAN
HPLC 1. HEHlR 13 AN HE S R ik i, i A
PEUETHIRRDS), il briE i 2, HEATLPERIE, 15E
VAT REGE B 5 A FE LB 2R CEE Ay Y=5 448 000
X—1150.5,7=0.999 4, &P [ 0.26~13.00 pg/mL;
TEIEEE Y="7 504 700 X+1 655.4, r=0.999 3,
LIETEHE 0.57~28.50 pg/mlL; EMFIE LT B,
Y=4686800X—514.9, r=0.999 6, Z& 175 [ 0.18~
9.00 pg/mL; 2K ZJ&F Y=3 793 500 X+1276.2,
r=0.999 4, ZPEEHE 20.85~1042.50 pg/mL; [kt
H Y=2 345 400 X—635.1, r=0.999 6, 175
4.08~204.00 pg/mL; REH A Y=7 018 300 X—
1484.6, r=0.9993, Z&VEiul 0.39~19.50 pg/mL;
ZERMY=6196400X+682.2, r=0.9994, it
Y 0.31~15.50 pg/mL; &R E Y=3 075300
X—1040.9,7=0.999 6, Z 6 H 0.12~6.00 pg/mL;
PLRAR Y=3 459 400 X+2 150.2, r=0.999 1, ZtE
Yl 1.56~78.00 pg/mL; 2 Y=2 661 000 X—

2355.7,r=0.999 6, &1 Tu ] 14.45~722.50 pg/mL;
AMMER Y=1 564 500 X+1 662.6, r=0.999 4,
LRMEVEE] 11.46~573.00 pg/mL; FLEHK Y=1900 700
X—781.8, r=0.999 1, Z& 1475 H 3.79~189.50 pg/mL;
FMNTEBHE Y=4271 900 X—1918.9, r=0.999 3,
2R MV 34.65~1 732.50 pg/mL.

233 FEEEIAL RA BN RS R
RZC (SD) [A—HLi A 10 uL, @il 4%
PEESIFRE 6 IR, 45 FAEME R LT A BEE
W, FEMEE R W Bl. RO, FERLE.
FHH A FFEEM. ZASOE. MR, 2
Bl SRR AR e RN S 77 S sl e T AR S5
EAA, WETARP) RSD EHKICN 1.43%. 1.24%.
1.65%-0.73%- 1.05%- 1.39%- 1.37%- 1.69%- 1.18%.
0.82%- 0.95%- 1.03%. 0.65%.

234 FEMRE BT S1 1 RZC, 4% “2.2.27
TR TS A IR, 0 T4 05 04 24 4.
8. 12, 18. 24 h #hFf, ZRMEMIEIR LR AL
BEAOH . R R AT Bl. RO, R
B REH A FFEEM. ZAREOR LR,
TR AR R R S A S e [T A
KRILEHEAR L, WETEARR) RSD HIKUCA 1.45%
1.25%- 1.66%- 0.81%- 1.01%- 1.34%- 1.38%- 1.72%.
1.13%-. 0.85%- 0.92%-. 1.07%-. 0.63%, %&£/~ RZC
BER S VA 24 h N EEE IR

235 HEEMRK B RzC (S1) 6 1, 2%
“2.2.27 BUR 7 iEM AR AT, 3R, R &L
(IR AR M 26 T SRR R B Ay BESTERE T
FEHOR O Bl. R OIRE . R REH
A, R¥ERE M. ZEAFROER. MR, B3, A
ORI W R A S o B, 45
&R B E S A 0.119. 0.244
0.071. 12.729. 2.370. 0.184. 0.139. 0.048. 0.705-.
8.543. 7.222. 2.126. 19.378 mg/g, RSD AKX N
1.81%-1.59%- 1.93%- 1.05%- 1.22%- 1.58%- 1.76%-
1.86%. 1.43%. 1.11%- 1.17%. 1.29%. 1.09%.
2.3.6 NFEEGERES  ARSLIRIKYE (hE 2
2020 “ERR DY JE, SR RSk R R
. B AR R A 13 A S S E
) RZC (S1) 91y, BH3%) 0.25 g, KEEME, o
AIIAS SRS T 80%. 100%- 120%[11E &%t
FRA (RO O Ay BESIERETT . £E
36K ZFETF B IR AT FERCER . FEF AL
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REZRM. ZEAROR. MR, S0, AL
OB AR BN A SO I 4 A 0.031
0.058. 0.016. 3.192. 0.583. 0.046. 0.037. 0.012.
0.179. 2.151. 1.793. 0.535. 4.859 mg/mL), F4%
P VR AR AR B (RN & 3 ). &
BIR A B S RE R GUERE 10 uL, 15 13 R4 (1)
SEEIINAE RIS 5 5 97.82%- 98.12%+ 96.97%-
100.12%+98.70%+97.16%+96.98%197.36%+ 99.06%
99.70%- 99.82%-. 98.09%-. 100.04%, RSD 437K
0.97%- 1.22%- 1.45%+1.57%- 1.57%- 1.14% 1.31%.

1.37%. 1.68%- 0.64%. 0.99%. 1.23%. 0.68%.
2.4 QAMS SRRV

241 MXBIERT ) THHE FEERI “23.27
TR 6 AT S TARE W, R BiRE7/) HPLC
ZAE53 WIEN HPLC 4% 10 pL. LA 22 AN
W), #IRARK fri=pidsipsdi, TWEZROIHHEH
i 12 NG ), P py s Ay EIRIRIRER
BIRE. WS, WA AR R 5y, T2
WA 1. £ 18R £ 58 RSD HI5/N T 2.0%,

PENENLI for BT T E T

Tl fuitEER
Table 1 Results of fs: calculation

e fowzmtr fowawn [ owamw fowamn) foxoww fosownl foxomw [ owomns foxomn foxomm foxomn foxomw
WHERZEH AL TEEHE  AWREZNEB R BEHA R¥EM CAROE e WL WWMEB MEM SUGESR

1 0.6962 05001 08152 1.6354 05350 0.6118 12803 1.0686 1.4455 24325 19832 0.9063
2 0.6944 04992 08158 1.6358 0.5366 0.6120 12437 1.0762 1.4453 24280 19980 0.8679
3 0.7009 0.4985 0.8174 1.6288 0.5340 0.6109 12485 1.0729 1.4438 24001 19726 0.8693
4 0.6975 05055 0.8206 1.6409 0.5424 0.6146 12560 1.0937 14451 24246 19648 0.8908
5 0.6963 05093 0.7983 15914 0.5441 0.6103 12175 1.1137 13995 24319 2.0313 0.8947
6 0.6964 05049 08107 1.6203 05401 0.6123 12361 1.0943 1.4286 24238 19923 0.8871
FHME 06969 05029  0.8130 1.6254 05387 0.6120 1.2470 1.0866 14346 24235 1.9904 0.8860
RSD/%  0.32 0.86 0.97 1.11 0.76 0.25 1.68 1.57 1.28 0.50 1.18 1.69

(s I ARIARE NS YA AR B ) T 5L EAR 12
ARG 5 TR S R IR DR B I TR, O
BEE R 3. A5 RRYERM ¢ EILAIX BAstb &

242 fuEEMEHEE GRG0 S I
537K H Epic Polar Cis £+ Welch Ultimate Cis f3:#/1
Waters Bridge Cis #7E 2695 Al Thermo Vanquish

R HPLC RGN, 45 R BRANFEAES & i
FEXT AN fo (ERZMAS R 2 (RSD #4<<2.0%, % 2),
F AT VA M R 400

243 MIXHEREEEME (o 5 03 “24.27 T
F T RS R OR BRI B], ARBEFUCRA AR 1=/t

Vs I BT WERF AL (RSD<<2.0%) [0,
25 BENELERRKLLR

Iy WSS EL 15 #ik RZC (S1~S15) fiEf g
10 puL, JEA HPLC A%, Ridsg iR 40
H ALSE 13 AR AR SR AN AR A T2,

"2 BHN fEEMERER

Table 2 Durability test results of f: of various constituents

( (R Soxew foxamw foxemw foxew [oxoms [osesw [ [oxem oo oxosn [oxam foxamm
H

HMERZR Al BT bR ZET By PR R A FrEM ZHROR BURB HEW, LB BB AESH

0.6961 05034 08135 1.6263 0.5381 0.6112 1.2483 1.0879 1.4358 2.4247 19913 0.886 9

2695 Epic Polar C1s

Welch Ultimate Cis 0.698 7 0.5077 0.8179 1.6315 0.5407 0.6151 1.2539 1.0925 1.4416 24262 19970 0.8952

Thermo  Waters Bridge Cis 0.701 1 0.5096 0.8203 1.6397 0.5439 0.6176 1.2794 1.1128 1.4462 2.4339 2.0324 0.906 1
Vanquish Epic Polar Cis 0.6943 04984 0.7985 1.5922 0.5332 0.6083 1.2183 1.0664 1.3983 2.4003 1.9635 0.8675
Welch Ultimate Cis 0.6986 04996 0.8012 1.5984 0.5345 0.6158 1.2265 1.0707 14283 2.4268 1.9762 0.8739

Waters Bridge Cis~ 0.7005 0.5073 0.8165 1.6383 0.5426 0.6164 1.2658 1.1073 14452 24301 2.0156 0.8910

FH){E 0.6982 05043 08113 1.6211 0.5388 0.6141 1.2487 1.0896 1.4326 2.4237 19960 0.886 8

RSD/% 0.37 0.91 1.13 127 081 058 1385 172 126 049 126 159
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Table 3 Results of relative retention time calculation

(e ok Uunsoremer T g/ [ gworon Depr/ § oA/ TaeaM @ oaser Dwww/ Dwsw Dagonnw/ 0 wew/ 1 suessw
AV=RZEE  CEOET BUTEIWT RGBT CRET OB CRBT SRR RO SR RO R
2695 Epic Polar Cis 0.5094 0.6604 0.7311 1.1557 1.4363 1.5047 1.6274 1.8561 1.9552 2.0495 2.158 0 2.280 7
Welch Ultimate C1s 0.5139 0.6715 0.7427 1.16251.4496 1.5162 1.6493 1.8674 1.9615 2.0961 2.1697 2.293 1
Waters Bridge Cis 0.5185 0.6826 0.7582 1.1762 1.4535 1.5397 1.6539 1.8796 1.9963 2.0973 2.1873 2.3049
Thermo  Epic Polar Cis 0.4938 0.6511 0.7204 1.1329 1.4209 1.4936 1.6025 1.8403 1.9408 2.026 1 2.143 5 2.261 3
Vanquish Welch Ultimate C1s 0.498 1 0.6574 0.7259 1.14341.4327 14971 1.6173 1.8527 1.9437 2.0358 2.1509 2.278 5
Waters Bridge Cis 0.5056 0.6632 0.7356 1.1583 1.4402 1.5314 1.6309 1.8642 1.9526 2.0462 2.1624 2.296 8
FE{E 0.506 6 0.6644 0.7357 1.1548 1.4389 1.5138 1.6302 1.8601 1.9584 2.0585 2.1620 2.2859

RSD/% 1.85 1.68 1.83 131 082 124 1.19 073 103 149 071 0.68
KASMREE 13 Mabsiir &, B K4 N 108, 154 RZC FERIEMHE N 3 28, 28 1 3%

AN S, FIREESLH fo (ETHE AR 12 S
e, R NE 4. B AGHRAEHE—R) 2 B
LTS & EHAR AT Rk, 453 P>0.05, #&n
PRI T2 R AR, QAMS JEMER Al 1T

2.6 WERNIRANEL

26.1 REST ARBARMK RZC KIEZE
FE, PAFE 4 b QAMS R E R N R, KA
SPSS 26.0 FAFH 2H (AR SR 2R 07, DARK IR R &5
Ty E X [AIHAT R0, WK 2. B 2 BoRtrR

% S11. S13. S14. S15 #1812, %2 KE% Sl
S2. S4. S5 1S3, # 3 KM S9. S10. S6. S8
N S7, B HreE R EIR 15 #t RZC fA7E— @ it
225, AHARAR = HLR M E RO, %2 ]
e 5525 77 I BT S 20 i ) 22 S DA R 2 e i R 4 i)
EAER.

2.6.2 55T (principal component analysis,
PCA) 4k4:354T SPSS 26.0 B FHh B4k 77 1 PCA
27, S RUURHEE R T 1 152] 2 M FRsr (PCLL

x4 HERUEER

Table 4 Results of sample determination

R R BN bRl FEALH/ R A/ FEFEM
Peah H A(mgg!)  (mgg) H Bi/(mgg™") z::akfﬁ/ (mg-g™") (mgg™") (mgg™)

SMF QAMS  SME  QAMS  HME  QAMS mee ) 4hFE QAMS  AME  QAMS  AME  QAMS
SI  0.116 0.119 0238 0244 0.072 0.073 12.741 2359 2425 0.181 0.186 0.137 0.140
S2 0129 0132 0299 0.307 0.084 0.086 12.320 2507 2578 0.245 0.252 0.147 0.151
S3 0128 0.125 0.297 0.289 0.085 0.087 11.970 2.603 2.675 0.251 0.258 0.167 0.171
S4 0119 0122 0282 0.290 0.083 0.081 12.572 2.962 2.879 0.241 0.247 0.152 0.156
S5 0107 0104 0239 0245 0.091 0.093 12.951 3.225 3304 0.207 0.202 0.165 0.161
S6 0142 0146 0.144 0.148 0.097 0.099 16.332 3.956 4.035 0.194 0199 0.202 0.208
S7 0155 0159 0.143 0.147 0.116 0.113 16.654 4591 4517 0185 0.180 0206 0.201
S§ 0158 0.162 0.174 0179 0.113 0.116 16.020 4229 4346 0153 0.157 0.185 0.190
S9 0151 0455 0.171 0.167 0.108 0.105 16.950 3.783 3.878 0.170 0.175 0.175 0.180
SI0 0145 0.149 0.144 0.148 0.105 0.102 16.992 3.368 3465 0.191 0.186 0.180 0.185
Si1 0118 0.115 0.206 0.212 0.053 0.054 10.996 2.004 2.060 0.157 0.153 0.134 0.132
S12  0.094 0.092 0312 0.305 0.062 0.061 9.515 1.659 1.697 0.135 0.138 0.123 0.120
S13 0101 0.104 0231 0.237 0.073 0.075 10.953 2.008 1.952 0.128 0.131 0.133 0.136
S14 0.092 0.094 0217 0223 0.071 0.069 10.413 1505 1.543 0.141 0.144 0123 0.126
S15 0.096 0.098 0.208 0.214 0.063 0.064 9.933 1.658 1705 0.107 0.10 0.118 0.121
P 0.848 0.876 0.985 0.908 0.896 0.848
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4 (&)
e Lk TR/ i SRR R B/ T 5E B/ A S/
F i (mg'g™) (mg'g™) (mg'g™) (mgg™) (mgg™) (mgg™)
ShbE QAMS  AME QAMS  4ME QAMS  AME QAMS  AME QAMS  AME QAMS
SI  0.049 0050 0713  0.695 8.576 8338 7209  7.017 2145 2091 19354  18.826
S2 0057 0056 0671 0.688 8104 8259 6761 6.950 2013 2071 18126 18.648
S3 0074 0076 0635 0.653 7542 7750 6.416 6592 1910 1.964  17.462  17.687
S4 0063 0064 0667 0.686 8019 8228 6751 6.924 2008 2063 18.083 18577
S5 0071 0073 0726 0.706 8243 8476 7.013 7.133 2074 2125 19561 19.137
S6 0059 0060 0866 0891 10.893 10.688 8.754 8995 2,612 2.680 24769  24.133
S7 0044 0045 0919 0908 10513 10.816 9.428 9172 2792 2733 24973  24.608
S8  0.043 0042 0853 0874 10219 10.484 8.645 8.823 2,695 2,629 23211 23.672
S9 0042 0041 0901 0925 10075 10259 9.113 9.335 2706 2.782 25545  25.046
S10 0.054 0.053 0902 0927 10498 10286 9.107 9.358 2713 2789 24542 25107
S11  0.050 0051 0617  0.600 7384 7196 6.143 6.056 1.856 1.805 16.025  16.247
S12  0.075 0077 0534 0519 6.073 6227 5108 5240 1519 1562  14.295 14.059
S13  0.068 0069 0582  0.597 7.007 7.168 6.165 6.032 1754 1798 15876 16.184
S14 0085 0083 0541 0553 6.482  6.638 5431 558 1.698 1.665 14.662  14.987
S15 0.070 0072 0528 0542 6.627 6500 5597 5471 1601 1.630 14.315 14.677
P 0.915 0.893 0.907 0.899 0.906 0.972
I FG B *x5 AESHER
0 ? 1,0 1,5 2|0 3,0 Table 5 Results of variance analysis
il ERS  RHEE JETURE% RBUSETIRE%
814_J 1 10.697 82.286 82.286
:i; 2 1.361 10.470 92.756
Sl 3 0.539 4.145 96.901
Si i’f 4 0.193 1.485 98.386
Z; 5 0.104 0.800 99.186
:?0 7 6 0.063 0.488 99.674
o 7 0.031 0.236 99.910
S8 — 8 0.008 0.060 99.971
¥ 9 0.004 0.029 100.000
2 BESHE 10 1.233X10°  9.485X10° 100.000
Fig.2 Cluster analysis chart 11 6.640X10°8 5108X 1077 100.000
PC2), BRI ETERRIE 92.756%21, LEHLNF 12 1.900X10°  1.461X1078 100.000
13 6.242X10710  4.802X107° 100.000

Fice PCl HIHFIEME N 10.697, A5 R ERA,

WA R K IR MR, 77300

SRR MLET. S, R, £t
WROE Al ¥R M, B RO B,
AR ORAEEIR, PC2 FIFFIEME N 1.361, 3
FAf ATES 2 N FAEHERNEME (R6). N
UE R R T SEME, R SIMCA 14.1 #K
X QAMS VAN ZE [ & Jl o3 & AR 2 PCA 1%

M, R “2.6.17 IE R 5, WA 3, 15 #LRZC
FEf I JET 3 DAFRIMRIR, HEBHRTE 95%E
ERRETE RN, SORPT AN TR, (H5H
FBMG 15 4tk RZC IR AN A 22 5 0K

2.6.3 IEA W /N 3RiE-F1 3 #r Corthogonal
partial least squares-discriminant analysis, OPLS-DA)
PCA Z5 R 7R 15 it RZC BB ZRECR, NFFEA
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*6 EMSOMETFHEERE

Table 6 Loading matrix of principal component analysis

factors
%y F R 1 F Y 2
FEH IR O A 0.957 0.051
BIIEEE -0.713 0.631
FEH IR LB By 0.923 0.132
RO 0.995 -0.017
JRALHE 0.963 0.080
R A 0.289 0.933
FEEM 0.946 0.165
CARGER -0.761 0.193
Ly R 0.995 -0.018
i B 0.995 0.011
AR AR 0.995 -0.017
T TE 0.995 -0.018
AN ST 0.995 -0.017
3 S3
ol
- ! s5 @ s
a @
5 Slggﬂs9 S7
-3
< -4 0 4 3

t[1]
R*{1]=0.823 R%{2]=0.105 Ellipse: Hotelling’s 7% (95%)

3 PCABHE
Fig. 3 PCA score chart

[ R it ) B ] S 1) ol 2 22 SR B 43, 7 PCA St
I, 4k4Li21T OPLS-DA, 18 OPLS-DA #5272 (& 4),
H AR S R2v=0.997. R2%y=0.884. 0?=0.808,
3NZHET 0.5, FEnE L R AR E nTHERY, (3
[F) 2H AR it TE AT AT BOR BS R  BA VIP B >1 K
SHERRELWALSY, ERGES VIP 558
0.1554. 1.003 1. 0.1500. 1.5446. 1.0389. 1.2765.
0.2130. 0.1070. 0.3608. 1.1979. 1.1463. 0.6258
H11.8775, K E S0, —ROIHE. RLH
A\ S SR EACE R B VIP
H>1, X7 A ER RZC 7= 8 & 2% 7 A
To NUIEESTI OPLS-DA A7 & 75 A7 78 1k 4l
4, TEEESLY) OPLS-DA JEfith Fikd «“orhir” v “ &

7 FEP, A 200 HE4T 200 IR B AL, 453 R?
WA EL Y ERE /N T 03, QWA EL v ihEkiE
NGE, BEORFTRIEER) OPLS-DA AR E, ANfF
e AR, VLA S,

0.2
S2
8o s:
0.1 S4
S5
= o S6 .o S1
= (J S11 @SI12
Sggﬁ S8 s
S10 @ S14
—01 SI3 o
S15
-0.2
-3 -2 -1 0 1 2

t[1]
R*%{1]=0.981 R%{2]=0.006 11 Ellipse: Hotelling’s 72 (95%)

4 OPLS-DA 45 R
Fig. 4 Results of OPLS-DA

05
Q -0.5
b
=3
,15 4
-2.5 T - - r :
0 0.2 0.4 0.6 0.8 1.0

AR ZR L
E 5 OPLS-DA B[
Fig.5 OPLS-DA permutations

2.7 fI#X TOPSIS ;£ 534

RZC IR OB Ay BEAEREE . &
IR AT By R LIRS AL BT AL
F¥EEM. ZEAROE. PR, S0, Al
bl BRI A S N A YE YRS, &
TR A FREFRPY . A AL (1D X QAMS %
THRM S EHEEEAT B — b E . KA —1b 5 5
5 &38R VIP {EAHRAZ DAL SR B o LA ke
TR A B B B KA E NIRRT % (Z), B
MEEARB TR (Z7), #al (2) ~ (4) 73
THE 15 fit RZC #E0 S5IEFABMREE S (D). 5
HARMRIIE S (D). MUK IRISIEE (C).
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CAERRR, BEVPANFE SR, HERZ SR, 15/t WAEAESHE EE S, RARD. HMuEPE 50%

RZC ZiM R EHT WK 7. SR BRHL4H S 1 G
fd S9>S86>S7>S10>S8, #/RiX 5 it RZC &
BeAf. AL TOPSIS 734 J5¥A AT T RZC %
FVEVEAY
Xiy= (xj—minX;)/(maxX;—minkj;) 1)
xip Y SRR A S B R, minXG, maxX; -5l oA 15 it
RN s 8 1 NN PN
Dﬁ:[zn:(Zf/—Z/*)z]”z 2)
=1
Di’:[zn:(Z(/—Zf)z]”z (3
=1
Zi N i RS B IS B, Z 0 15 HeRE AR
AR INBLUE BRI B K A], 279 15 RS2 7 Sy
AR Bt e ME
Ci=Di (Di*+Di") 4
®7 RIC REHF
Table 7 Relative ordering of quality of RZC

EEAs) Di* D Ci H4
S1 2.0130 1.627 5 0.447 1 10
S2 1.894 4 2.0677 0.5219 6
S3 2.140 6 1.899 1 0.470 1 9
S4 1.8826 2.001 4 0.5153 7
S5 1.798 1 1.8418 0.506 0 8
S6 1.1613 3.0359 0.723 3 2
S7 12183 3.1657 0.722 1 3
S8 1.2480 2.8875 0.698 2 5
S9 1.1709 3.1337 0.728 0 1
S10 12427 3.1313 0.7159 4
S11 2.803 6 0.8416 0.230 9 12
S12 3.3632 1.0253 0.233 6 11
S13 2.866 1 0.853 3 0.229 4 13
S14 3.176 2 0.626 2 0.164 7 14
S15 3.3450 0.464 8 0.1220 15
3 iTig

31 REGEARIERE

1E 13 ASEA X L SCRRFF 78 JE itk L, AR 36 7F
SRR ST, 23 25 58T SR R P B U BT 7
F (30%- 50%- 70%- 100%HFEE) . A (30, 45,
60 min), KIN 50% H EEHEEL 30 min B, RZC H[¥)
FEHLBEOR O Ar BETENET . IR AR
Bi. ARG, R, FETF AL FER M.
TAROE. R, HS. SBRE. e

FH 68 5 2 30 min AE 3R EUT ¥
32 IBFRES RASIRNIERE

RZC M E Y. HMTE S, A, Rk,
SR LT RO AL T B0 G H i) ] 17 5 R b 38 7% 1 9
fe BIMPER . CNAEZ, BoLAMAE SRR, T
i e, 1R XSRS . SR S AR R
THEWIEHE R OIEIE. BRI HE A SE
LRIy, DA IR O RR AL T S
il ORI B IR RS R 2K
BEAFE. BRGNSy, DUEHTOR AR AL B
TERELE AN A 352K 2 B9 By (EAE M3 Fp & 20K,
AW PR R,

S EIETEL AMBEEEUAIA S N RETE I F I
FEH ARFEM M AR OR RN EEEE
B8 P SE R, EXUEEE, MR, B2
Bl EALFRSRAR. MEm. A S, fRHEKE
I EEY IR, L EH 8, ARSLKik
B O I A BESTERETF . Ak o
H Bi. ORAHEH . RAE . RIEH AL RER M.
TEFROER. MR S, SRR, E
BRI A SR E TR AR - QAMS VEA AT
T35 FH R BEAZ B AL A i A B0, 3 T AN [R) 28
FRAT I B, 75 N S S, 8w DO IR
. rBE. g ENE S, RS NEN], A
W IE I AR, BRAEI RZC B2 E S e
BT M 28y R O AN S, Rt
RZC ™ 13 ANeor & s AT R Rl -

33 REERMTNERSH

HH 24 52 07 AN [F) A2 24 0 2GR R
7 A 7 S BRI IR AT AL, ZHRRR R
G VPN A E L, R R T AR
Jr IR R AR, A BT 2 A A R
2. ABER. WRIT AR e Ed G, BiEA
T 2 RH B e s i 4 ) A T R o S oA
B PRI R FH 24 1) 22 A PR A Rk

AR SEIG H SCIAT T AMRIE TSR, 45K
R HEEMERERSE e a5 R R, wILA
W E BT EER . AT T ARER TR &
i AL, R ST AL IE R TS gy
S, HAMRIEATIE, S5 2 MOsIR T 2
&, FRUHEH QAMS JEAT LAHES 3 Ko & il
gE R ORI IR AT A BESTERETE. A
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KO Biy ZIROIHE . OB R AL &
FEFEM. EHROBER, R TS, AR
Bl R BRI A S B 0 AIAE 0.092~0.162.
0.143~0.312.0.053~0.116.9.515~16.992. 1.505~
4.591. 0.107~0.258. 0.118~0.208. 0.041~0.085.
0.519~0.927.6.073~10.893.5.108~9.428.1.519~
2.792. 14.059~25.545 mg/g, HLikIAE & E T,

FIH SPSS 26.0 £1 SIMCA 14.1 B4 QAMS
FIHER S EHIREAT oA, 5% 15 ik RZC
BAN3E, ARAARARAE —EHEEER, X
ST AL A i X A AN RIS 1R 7 R s R — A
RO 77 W) ¥4 13 Bl HEAE S K 4
Wt BRI AL S0 SRR, e A
BEETENE L X RZC iSO, WAE AR RZC
7 i TR 2 AR R PR 2 AR AR AR P SRR
KX T AN LR A M B, KX 7 AR
VE Ry TR bR N i AR E -

K H A TOPSIS #EAU %6} 15 it RZC 13 ARk
B EBARIAT 0T, 45 R R AR B RR FQN
FEAEA 0.122 0~0.728 0, e M A 0 I U 3 5 Rk
K, HEFFHEERT, AHNRERE SRR, REAFT
BN BN TOPSIS B8 0] H T RZC Joit & 22 7 14
#ro AL TOPSIS #EBY ST, BT 245 A= 4
MV TR R BT B (1) SR 256 S A S A= id 7R
SRS SRR A LA &, AW S
%, EBIRAM N TR, R 2
b SO ) A, RIS B ZE 7 A e i
FEHER R, RAEF IR S5, &L
B SRR E M, FEREZESR, NIRKHZ
PEAL AT FELRIE

AR QAMS Z4Eir e miE 5 ¥
= KM TOPSIS A4 & 771540 15 it RZC /)i
B2 ST Ty, @SR ER T R R
ATEs], R ER AR B E T 0 A
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