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 E:. BN ETZHEEEsatEERNEAR. NPCER B ARMHETE (technique for order preference by similarity
to an ideal solution, TOPSIS) 5Kt <BEE 4T (grey relational analysis, GRA)D JERRE MBI AS [ 7= M 5 SR Urtica
laetevirens JFitE . J33% WWEFZFH 20 AL T HZMK, K HPLC VSN R JLRER . SRR /L. WNHERR . BZRIR . 422 Mkir.
FTLOME R AR LWEm. KBER. 8 M. B-AEENESE, FRTREY. BRAMBABERLK Y. Sk
2B R BB AR IR AN R 7 b B8 e S5 6K 2 (A1 22 S P, a2 5 BOAS [0 7 98 P 50 R R 2 22 3 T R AR AR PR Ry, DA A K
VIP B NBLEE, FEINAL TOPSIS #27, #M5 GRA MLRLE, Xf 20 fitse M-Sk E T HE Y . 455 TR LI HPLC 21
T, FILKR. SRR MR, BIBIER . S2pkEr. T, MDY ER. SRR, LER. KBREER. WY ME. BB EES
WI7E 0.21~10.50. 1.15~57.50. 0.28~14.00. 0.46~23.00. 3.35~167.50. 4.47~223.50. 1.70~85.00. 0.14~7.00. 0.37~
18.50. 0.79~39.50. 0.65~32.50. 1.31~65.50 pg/mL PR RREF, BRI AFEEIE R, (EEEER, 70%F EHE
FEFEEU B8 SRR AL T TR 24 h WFRCEME R I, & 8 T3 Ikt WS 26 73734 98.43%197.91%-98.24%1.99.06% - 100.03% .
99.68%- 100.01%. 97.81%-. 98.92%. 98.23%. 96.77%- 98.34%, RSD 7E 0.73%~1.86%. %M &/ H 505N 0.066~
0.129. 0.270~0.577+ 0.093~0.184. 0.164~0.281. 1.440~2.465. 1.911~3.204. 0.331~1.188. 0.036~0.106. 0.078~0.209.
0.187~0.456. 0.196~0.418. 0.383~0.613 mg/g, ZHY. LIRS FRAE K& E AN 14.3%~31.5%. 7.3%~16.2%-
0.5%~3.4%, SEonHLIRIEREZFE K. 2R AR 20 #E5E M SRR o 3 41, A ETIIL. Bl A = RE
Wb S1~S8. VET/ V. STM ARG L SO~S14. IR T H AU S15~820 Hoh—4H, BRI, X80
JREZE R EMN RS N T Sk, W R, @R, KBEERM B-AEEE. NEL TOPSIS 5 GRA vLfh & BLA
A3 HTEE B IR 20 HUEE S ISR S M IEIE BEAE 0.2854~0.673 6, FLARJE T A PG5 S15~S20 B i ¥ 45 & FH X6 G 3 B
43 A4 0.6522. 0.663 3. 0.6283. 0.6736. 0.5970. 0.5837, mFHABHLK, FEMNEM. it B2 IabEETE
B EE, WA TFEBE RN SRR EME; AR ARG B TOPSIS 5 GRA k& B A AL E T T A7
B SRR IR IR EIR L, g 9 S5 R T R 4 AT R B L

SRR WHERR, S ORI, LA EGR A IR TOPSIS; ARG SCHEE Mk, REZETIFN, M1 &L,
Wk & SRR KRR
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Abstract: Objective
quantification, combined with chemical pattern recognition technology, weighted TOPSIS and grey relational analysis(GRA) fusion
model. Methods A total of 20 batches of U. laetevirens were collected from the main producing areas. The contents of protocatechuic

To evaluate the quality of Urtica laetevirens from different producing areas based on multi-index

acid, chlorogenic acid, caffeic acid, ferulic acid, hyperoside, rutin, quercetin, apigenin, kaempferol, luteolin, daucosterol, B-sitosterol
were detected by HPLC, and the extract, total ash and acid-insoluble ash were examined. Combined with chemical pattern recognition
technology, the differences between U. laetevirens from different producing areas were discussed, and the main landmark components
leading to the quality differences of U. laetevirens from different producing areas were screened. The weighted TOPSIS model was
constructed with the VIP value of each index as the weight, and then integrated with the GRA method to rank the quality of 20 batches
of U. laetevirens. Results Under the established HPLC conditions. The linear ranges of protocatechuic acid, chlorogenic acid,
caffeic acid, ferulic acid, hyperoside, rutin, quercetin, apigenin, kaempferol, luteolin, daucosterol, p-sitosterol showed a good linear
relationship within the range of 0.21—10.50, 1.15—57.50, 0.28—14.00, 0.46—23.00, 3.35—167.50, 4.47—223.50, 1.70—85.00,
0.14—7.00, 0.37—18.50, 0.79—39.50, 0.65—32.50, 1.31—65.50 pg/mL, respectively. The established method had good repeatability
and high instrument precision. The stability of the sample solution of nettle extracted by 70% methanol ultrasonic extraction was good
within 24 h. The average recovery rates of each component were 98.43%, 97.91%, 98.24%, 99.06%, 100.03%, 99.68%, 100.01%,
97.81%, 98.92%, 98.23%, 96.77% and 98.34%, respectively. The RSD was between 0.73% and 1.86%. The contents of various
components were 0.66—0.129, 0.270—0.577, 0.093—0.184, 0.164—0.281, 1.440—2.465, 1.911—3.204, 0.331—1.188, 0.036—
0.106, 0.078—0.209, 0.187—0.456, 0.196—0.418, 0.383—0.613 mg/g, The contents of extract, total ash and acid-insoluble ash were
14.3%—31.5%, 7.3%—16.2%, 0.5%—3.4%, respectively. It showed that the quality difference between batches was large. The 20
batches of U. laetevirens samples were divided into three groups by chemical pattern recognition technology, among them, S1—S8
from Sichuan, Gansu and Yunnan, S9-S14 from Guangxi, Guizhou and Hunan, and S15—S20 from Qinghai and Xizang were each
group, showing obvious regional characteristics. The marker components that distinguish the quality differences of each sample were
rutin, hyperoside, quercetin, chlorogenic acid, luteolin and B-sitosterol. The analysis results of weighted TOPSIS and GRA fusion
model showed that the comprehensive relative closeness of 20 batches of samples was between 0.285 4 and 0.673 6. The comprehensive
relative closeness of S15—S20 samples from Qinghai and Xizang were 0.652 2, 0.663 3, 0.628 3, 0.673 6, 0.597 0 and 0.583 7,
respectively, which was higher than that of other batches, and the quality was relatively better. Conclusion The established multi-
index quantitative method is stable and reliable, which can be used to perfect the quality standard of U. laetevirens. The chemical
pattern recognition combined with weighted TOPSIS and GRA fusion model comprehensively and scientifically evaluated the quality
of U. laetevirens from different producing areas, laying a foundation for the quality analysis and evaluation of U. laetevirens.

Key words: Urtica laetevirens Maxim.; HPLC; chemical pattern recognition; weighted TOPSIS; grey relational analysis; quality

difference evaluation; rutin; hyperoside; quercetin; chlorogenic acid; luteolin
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b 2 A5 A GR B R W 2 28 73 - Chierarchical
cluster analysis, HCA) . =E 743 #r Cprincipal
component analysis, PCA) /)y —3f&7%-H 5 74
(partial least squares-discriminant analysis, PLS-DA) .
ez T 2 i 2 bR SR 1T T 2 v
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TR SEAS RS G INAGE 1 BRAR SR HE /72 (technique for
order preference by similarity to an ideal solution ,
TOPSIS) S5KEGEREE 73 #T (grey relational analysis,
GRA) , REWLREGHEZ AN Tabr, BEHTMERE
TP, EFERAE T 2 L5 B R R I AR
FHUS21 AT FOCER B6 SRR 2 X 20 HEAE
K H HPLC E[RIINGE 7 LRI . SRR MR
FIZRER 2 bhir. P T, MR, AR L&,
RBEZ HE M. B BT 12 B & &, JF
KR MY, BRI ARAEIEIK ) . (EREHER L,
G AR AR AR 7 146 5 B0AN ] 7 1 5 PH 52 bR
iz R AR Sy, BEMREINAL TOPSIS
5 GRA WIRIEBRDFE S BB T SR G, DA
N6 B SRR BT R AR AR AR, touE T
ZIRMRIEI 2 PRV TR S
1 UHFE5RE
1.1 %8R

BT25S B RF (ff[E Sartorius AH]) ;
FRQ-1010T B RIHBeds (UL 22 4 5 R
HABRA ] ); Waters €2695 1 HPLC 41X (3£ [E Waters

ANFD
1.2 A5

Xf R L BB ER (LS 110773-202316, FiE 2
$99.3%) « EE (5 111901-202205, i
I H 98.4%) . Mt &R (LS 100081-202411, Ji
B 98.7%)  JR)LARER (4ik'5 110809-202207,
[ 97.5%)  GRJRIR (b5 110753-202520,
JRE 7 H097.9%) « 25l (5 110861-202515,
Jii B 53 #096.1%) AR B HZ (5 111520-202107,
JRE 51 %096.3% ) 4 22 B (4it5 111521-202310,
JREH94.7%) « T (dit'5 100080-202513,
RS 92.8%) - I (k5 110851-
201909, FiE %1 92.7%) I H H E & 5 25 i G
WEotke: MIHEER (b5 T2807-246640, Jii &%
98.9%) MIHHE M (Hit'5 T3871-131246, Jii &7
# 99.6%) MH L AREDEHEARAR; &
W4l 2 T AV R W T 5 B Oceanpak /A &) » SERRZY
M NS MREEY) 5 SR U. laetevirens
Maxim. [ B35y, MR, e, BT, BAREE
adh s B 1.

®1 BEMHIHKRERES

Table 1 Source information of U. laetevirens

s SRAEH SRAE 7] s KA SRAERT 7]
S1 D91 A 2025-08 S11 SUNFARE 2025-08
S2 PN RS 2025-08 S12 FUNMESC 2025-08
S3 VY AT 2025-08 S13 PG Sl 2025-09
S4 HR RS 2025-09 S14 W EX] 2025-09
S5 HiNEE 2025-09 S15 LRGE A 2025-09
S6 PFDE 2025-08 S16 R EFN A 2025-09
S7 = FA AL 2025-08 S17 HiGYLH 2025-09
S8 - B XA 2025-08 S18 Pa S 2025-08
S9 ] PERERR 2025-09 S19 [liiP=%evil 2025-08
S10 ] AEAR 2025-09 S20 P T TR 2025-08
2 FEEHR 0.092 mg/mL. 4 22#k# 0.670 mg/mL. /] 0.894

2.1 RREEHIE

2.1 A IR %

PREUTE M ERRAT R 0.5

g, FEERRE, I 70%HEE 25 mL, FraE, @b
40min, #H, FHFRERE, fMERKRE, 3T,
BEYEI TR

2.1.2 RGNS H S B I, R
FRAE, F 70% H EEHI] 7 5 LR IR 0.042 mg/mL.
2R J5E 0.230 mg/mL. MIMERZ 0.056 mg/mL. B #

mg/mL. ¥ & & 0.340 mg/mL. /3% & 0.028 mg/mL-.
I Z5M) 0.074 mg/mL. AR H K 0.158 mg/mL. %
N 0.130 mg/mL. B-% HEE 0.262 mg/mL [FIE &
SRR . RS BRI & E R, 70%
Mkt 20 fi%, #557, IS8 5 )LZRIR 2.10 pg/mL. 4%
JRER 11.50 pg/mL. BMMERR 2.80 pg/mL. FiZEMIR 4.60
ng/mL. 4228k F 33.50 pg/mL. /%] 44.70 pg/mL.
W2 17.00 pg/mL. /723K 1.40 pg/mL. L2
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3.70 pg/mL. KREHZEK 7.90 pg/mL. % MF 6.50
pg/mL. B-7A HEE 13.10 pg/mL TR G X BT -
22 BIERMG

K H] J'Sphere L80 (250 mmX4.6 mm, 5 pm)
R KK 323 nm (B LAER. SRJRER . Wi
HEFR FIBT 28R ) « 360nm (Z2BkH . T . M &,
FrEs WERMAARRER)  210nm GHE T
FB-7 ) 5 R 10pL, FRIE 30 C, AABUA

1.0 mL/min; 2§ (A) -0.2%BB/KER (B)
RNIRENA, BREESEL: 0~9min, 8%A; 9~23 min,
8%~16% A; 23~42 min, 16%~32% A; 42~58
min, 32%~76%A; 58~65min, 76%~8% A.
2.3 RAFEAMARE

IR BRI R R R AT, 7E “2.27 Tigk
PR 25 12 ADNRREIN R BB I T PR R
I, FSEEREUI AT 5500, EE>15. WK 1.

6
I B
5
7
' 2 - 12
EE ST

LI | T | |
oo U el U L A e A
0 10 20 30 40 50 60

t/min

1 JUZRER: 2-4R B 3RS 4-BUBERR: S-Gebhir: 6751 7MWt 8F3RE: 9-ILREY: 10-KREER: 1182 M. 12-B-B B,
1-protocatechuic acid; 2-chlorogenic acid; 3-caffeic acid; 4-ferulic acid; 5-hyperoside; 6-rutin; 7-quercetin; 8-apigenin;9- kaempferol; 10-luteolin; 11-
daucosterol; 12-f-sitosterol.

E1 ReEXRE A) FHA&ER (B) HPLC BiEE

Fig.1 HPLC chromatograms of mixed reference substance (A) and test sample solution (B)

24 ZKMHEXRER

it 2 Wl ETR A5 X} TR S 289, A ) 70% HR A
B4, 10, 20. 40. 100. 200 1%, 7530JF)LZ5HR
SRIRES . UNNERR. BUBRRR. S22k, T MK
F. s LEm. KBRER. 8 M. BB
S T R G VR O 0 B AR, 4% “2.27 TS S At
FE, PRI RS (XD, ARG T A NN

AAER (YD, ZHbRAERTZR, 193] 12 DR Ltk
KA, EER 12 DR EAT IR VL N 2 )
UFHIERIER R, 4RI 2.
2.5 HBEERRE

HCTE SRR (S1D BEdh, H2I/ “2.1.17 BTk
& B AR 1 8, BRI 6 Uk, BRI
M. SRIEIR. UIHERR . PUBERR. S22k, T

R2 RARSHEMFIE. BXARMLMTEE

Table 2 Linear equations, correlation coefficients and linear ranges of 12 components

o B 2R Y5l /(ug-mL ™) R?
SR LSRR Y=7.954 7X 105 X+ 643 .2 0.21~10.50 0.999 2
2% R IR Y=3.028 6X10°.X—1 185.6 1.15~57.50 0.999 3
INHERR Y=9.130 2X 10°.X+493.5 0.28~14.00 0.999 7
R BRTR Y=1.796 6 X 10°X+1 174.8 0.46~23.00 0.999 4
G HkE Y=4.2311X105X+603.2 3.35~167.50 0.999 1
T Y=4.8654X105X+1941.7 4.47~223.50 0.999 8
it iz 2% Y=3.772 6 X106 X+2 089.6 1.70~85.00 0.999 4
JrRE Y=4.167 9X 105 X+647.1 0.14~7.00 0.999 9
IESL) Y=1.313 6X10°X+852.9 0.37~18.50 0.999 5
REBEE Y=2.567 4X 105 X+473.5 0.79~39.50 0.999 3
iR N Y=2.089 1X10°X—1021.4 0.65~32.50 0.999 6
B-#r HlE Y=3.320 5X105.X—1 646.7 1.31~65.50 0.999 2
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W R s ILEm. KEBEER. HE M.
B-75 S BE VG T A FF 115 RSD o %% B/ I TR AR ) RSD
SN 1.60%-1.21%-1.62%- 1.43%- 1.04%-0.83%-
1.19%. 1.76%- 1.54%-. 1.28%. 1.44%. 1.26%, %
R AARE B R AT
2.6 TREMRIE

VSRR (S1) FEM, $%I8 “2.1.17 W5k 4%
B 1, ERINE, THISE 0. 2. 4.
8. 12, 164 24 h HEFE, 0 JELRER . ZRIAER . W
MERR . FIZRER . S22Mbr. 71 . MR, s,
WM REBEZR. $HE M. B-B BRI A
T8 RSD. & A& RSD 40514 1.91%.
1.31%+ 1.72%- 1.58%- 1.16%- 1.05%- 1.22%- 1.97%-
1.74%- 1.66%- 1.78%- 1.34%, 45 R FKHAE 240 N,
SRR RS E M R T .
27 EEMRRE

HCERR (SD , araild% “2.1.17 i) et il
IR 64, BEFE, IORFJLRER SRR MHERR |
FIZERG . S22fh . 1. MR, s s
My ARREZR. S M. B W B AR5
B 15y R B B FL RSD . #5143 5 &4 50 RSD
SN 1.85%1.43%-1.81%- 1.62%- 1.28%- 1.12%-
1.30%- 1.92%. 1.74%- 1.55%. 1.59%. 1.37%, %%

RERPFTETNIEEIE R
2.8 MNAEEERIAIE

& pe s S E=RE (SD BK 0.25 g,
R, L9440, MANRAWIRMAER (FEIL
#IR 0.021 mg/mL. ZXJEER 0.117 mg/mL. HIHERR
0.029 mg/mL. FEEEZ 0.051 mg/mL. 428k 0.457
mg/mL. %] 0.604 mg/mL. &% 0.176 mg/mL.
FKEK 0.014 mg/mL. 111Z5H} 0.039 mg/mL. A&
7 0.083 mg/mL. #H% N 0.067 mg/mL Fl B-43 5
% 0.129 mg/mL) 0.8 1.0, 1.2mL, % “2.1.17 I
TR A, R, THED 12 MRy (1 3
TRE [ AR N 98.43% - 97.91% . 98.24% .
99.06%+ 100.03%-+ 99.68%- 100.01%. 97.81%.
98.92%-+ 98.23%-. 96.77%- 98.34%, RSD KX A
1.39%- 1.03%- 1.36%- 0.93%- 0.85%- 0.96%- 0.73%-
1.03%. 1.25%. 1.41%- 1.08%. 1.86%, RSD #J/]s
T 2.0%, UHIHZIEHERE R4
29 12 MEERSTHEENE

HL 20 LR (S1~S20) 5k, 43 Al fi ik
AR, IR C2.27 BUR B ARSI, e EE,
THEELRIR SERIR WIHERR. BTEERR. S22k
BT MR TR LR KRREER.
AR ML B BRSO E, AR K 3.

&3 20MFHP 2 MERTHRENH (n=3)

Table 3 Mass fraction of 12 components in 20 batches of U. laetevirens (n=3)

Ji 5 i (mg-g ™)

é ==}

s FULKRIE SRR EERR BB ekl T WURER R IEm ARER P MH A HRE
S1 0.086 0.459 0.112 0.208 1.814 2451 0.713 0.057 0.149 0.326 0.262 0.507
S2 0.092 0.529 0.130 0.189 2008 2256 0.829 0.061 0.141 0.418 0.284 0.608
S3 0.087 0.577 0.144 0.213 1903 2548 0537 0.063 0.096 0.456 0.268 0.613
S4 0.098 0.522 0124 0.199 1.756 2504 0.676 0.076 0.116 0.376 0.312 0.504
S5 0.101 0.564 0.134 0.203 1855 2419 0.790 0.068 0.133 0.402 0.291 0.558
S6 0.104 0.576 0.140 0.214 1.702 2679 0.636 0.072 0.113 0.391 0.300 0.590
S7 0.092 0.498 0.115 0.188 1584 2491 0577 0.078 0.103 0.340 0.334 0.527
S8 0.095 0532 0121 0.207 1.806 2471 0.670 0.064 0.125 0.384 0.297 0.561
S9 0.124 0.327 0101 0.169 1.754 2115 0.692 0.048 0.112 0.313 0.196 0.467
S10 0.122 0.328 0.096 0.177 1543 2.014 0386 0.044 0.085 0.265 0.238 0.531
S11 0.119 0.323 0.099 0.181 1584 2107 0412 0.046 0.098 0.287 0.268 0.383
S12 0.129 0.354 0.093 0.171 1440 1951 0371 0.036 0.078 0.204 0.246 0.494
S13 0.125 0.270  0.097 0.164 1496 1911 0.331 0.040 0.089 0.187 0.228 0.483
S14 0.123 0319 0.095 0.172 1566 2.023 0432 0.043 0.091 0.259 0.231 0.474
S15 0.073 0.503 0.178 0.263 2324 2951 1091 0.098 0.168 0.301 0.336 0.472
S16 0.077 0.386 0.165 0.275 2465 3.082 1.062 0102 0.176 0.364 0.418 0.460
S17 0.071 0.538 0.172 0.258 2222 3142 1014 0.095 0.184 0.254 0.354 0.444
S18 0.066 0445 0184 0.281 2416  3.204 1150 0.106 0.209 0.314 0.405 0.428
S19 0.081 0.295 0.158 0.269 2363 3.016 1.188 0.091 0.193 0.245 0.376 0.412
S20 0.084 0.487 0.152 0.250 2271 2681 0971 0.081 0.159 0.277 0.365 0.401
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Me g W EIR, 20 HETEH SRR S P R LA
TR ZRIEIR. WNHERR. PUZRRR. &2ethEr. FT . #l
FFR. AR WER. KBERER. 3 M. -4
(S EE S E 4 N 0.066~0.129. 0.270~0.577- 0.093~
0.184. 0.164~0.281. 1.440~2.465. 1.911~3.204.
0.331~1.188. 0.036~0.106. 0.078~0.209. 0.187~
0.456. 0.196~0.418. 0.383~0.613 mg/g. FHLIRIAI K
sEEAAZES, W S19 FE S R E A
(1.188mg/g) & S13 FEhh (0331 mg/g) 11 3.6 fif. X
—EREUR, AEPEHRE . AR RS
HEMANE R EZE R EERER.
210 WE
2.10.1 RHYEA S EL 20 HEBEHSRR (ST~
S20) #2¢, KEERT, BHMIME, HENK 50
mL, %%, PRERE, #E 1h, I QGHB) b
it Lhe HOARRE, H/KANRRE, #B5, i, K

R 25 mL, B OEERENAERIA, 7%
T, 105 CF4 3h, BT AEN 30 min, HE
PR, Uit SR B E. &R 0LE 4.
2.10.2 SIS FIBRANENER 72 437 HL 20 HEFE
SR (S1~S20) £ 5¢, EHKIZEE E i = fH
s, BRE, AR TEARME, THEZE 550 C,
ek EEEfE. THEEKSEE. B
Ry, AR 10 mL F6 £h R, I 1H 78 2%,
K En# 10 min, 5 mL Kbk, SRR
iR, FTEKIEARIERE, HH A sk A KT
BEA L, PRV BN . S E RS
AR EF—Hnh, TR, RORECRE. R
R R, THEBRABER ISR SRR 4.
R IRy S BRANE K 5 8 50 N 14.3%~
31.5%- 7.3%~16.2%- 0.5%~3.4%, = HY& &

14.3%~31.5%.

x4 BEHIHPREY. BROFMEBENBEERDIEVLER (n=3)

Table 4 Extractive, total ash and acid-insoluble ash in U. laetevirens (n=3)

WS RIY%  BIO%  MAEERS% | giS RBW%  BRN%  BAEIERS%
S1 22.9 113 15 S11 14.3 13.8 1.9
S2 218 11.9 11 S12 14.9 14.3 2.2
S3 213 10.5 0.9 S13 15.2 135 3.4
S4 23.6 12.4 1.6 S14 15.6 14.7 2.5
S5 22.5 12.1 1.4 S15 315 7.9 0.9
S6 22.1 11.4 1.0 S16 30.8 8.1 11
S7 214 10.7 1.7 S17 29.6 7.3 0.5
S8 22.7 115 14 S18 31.2 8.9 0.8
S9 15.6 16.2 2.1 S19 30.4 9.4 1.2
S10 16.1 15.4 2.6 S20 30.7 9.2 0.9
211 HFEERIRS 0 5 10 15 20 25
2111 HCA 438 3. 4 Hllaerdf, UHAONIT, 15 $10 ' ‘ ' ' '
PR ABILLR— AN EESE, SR SPSS 26.0 ALK S}fg h

ATy R ERE B 9 R B R X ], HEAT 512

HCA, ZiRWE 2. 25r28E809 10 I, 20 HE3Ert S

SERRRE SRS 3 26, JETT TG BENANEI R S9~S14. s

VTP, HRAIZH S1~S8. Y-T75 i it 8 gh

S15~820 %54, W& R, >

2.11.2 PCA  FIfi] SPSS 26.0 %t 20 Skttt 51

17 PCA, 4551 KMO=0.690, KT 0.6, [} Bartlett R —

BRI 10 5 N T 0.05, W24 HR & R sts —

EHIRE G AT PCA. PCA #REUH 2 ANERY 520

CERFAEAE > 1, [F) A6 2 BT Z 0Tk % >85.0%) ,
BT ETTERZ N 90.587%, 5 JLZER. MIHERR
FIBRIR . G2®htr. T MR, s, s

B2 20 #LEMHFHERE HCA
Fig. 2 HCA of 20 batches of U. laetevirens
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My, W% ML - EEE. RE. B FIRA
EVER I AE TN 1 BRI E AN E RS, X3
B 1 TTERFER s SR IF IR AR R B3R AE Ry 2
ARG, M ERR 2 TURERBCR (R 5. 6) .
K F SIMCA 14.1 54, %F 20 b 98 508 %48 47
S EHIEE PCA S0 K (K 3D, 20 #HEFEAH 7>
N3, 5HCA 48R3
RS5 BIETOFHEEMBRRAERMRE
Table S Characteristic values and variance contribution

rates of each index

TGy RRIEE T ETURE/ %  RARTT ZEITHRE %
1 11.059 73.725 73.725
2 2.529 16.862 90.587
3 0.395 2.635 93.222
4 0.269 1.793 95.015
5 0.252 1.678 96.693
6 0.129 0.862 97.555
7 0.113 0.756 98.311
8 0.080 0.534 98.845
9 0.075 0.502 99.348

10 0.037 0.243 99.591
11 0.032 0.214 99.805
12 0.021 0.138 99.943
13 0.006 0.037 99.980
14 0.002 0.012 99.992
15 0.001 0.008 100.000

=6 ERSEM

Table 6 Loadings in principal components

&b S| FER2
JR LR -0.959 -0.128
SRR 0.448 0.824
INHERR 0.970 0.030
R ERIR 0.968 -0.170
Kot 20 B8 0.943 —0.154
T 0.976 -0.021
Wi e 3 0.939 —-0.142
eSS 0.968 -0.023
Ll 251 0.923 —-0.229
KEBEZFR 0.249 0.879
HHEE N 0.914 -0.128
B-15 S B -0.234 0.890
= 0.980 -0.054
Ry -0.939 -0.035
RN IR 55 —0.869 —0.349

4.
3.
2.
1.
g 0 ST7FSTS
= 1] s18p & 9520
_2.
5] ®s19
74.
-5 T T T T T —

-10 8 6 -4 -2 0 2 4 6 8
R%[11=0.737 R%{2]=0.169 Ellipse:Hotelling’s 72(95%)

3 20 #LFEAHERREY PCA B4 E

Fig. 3 PCA score chart for 20 batches of U. laetevirens
2.11.3 OPLS-DA 7 PCA $2HL 2 />3 40 i e fil
b g 20 HEASE L TE SRR 15 ASE 4R R
(1) OPLS-DA #7 (| 4) , H AT ZHL Ry Ry
Q> /35174 0.922. 0.882 A1 0.850, 1>0.5, FHIH
SL[%) OPLS-DA HAYFRE AT, v T AS[E = i 5
S5 JRR 0T B 22 e s S D A i 23 R AR B R
B8 Hr (variable importance projection, VIP)
I G o1 B 22 bR, SR E S, DL VIP>1 N
FREl7 24, LR IRP T S22t MR, &
SRR AR RLZ AN B-4 B VIP>1, VIP {EAKIK
A 1.8100. 1.637 5. 1.473 5. 1.416 1. 1.147 4 F
1.089 0, X 6 Mg e AN [ 7= Hib B i 5 bR ot 5 22
DR AR B AY, AT BAFH SR X 73 AN [ 77 i B
P 352 JRR 110 o B 22 ¢ o

i R
03] [ PY
: oS3 C PRy
0.2 N S6
0.1 S48t

g 0 Sgsts— Sk
S o1 SIS 09, (8520 |59 @ gMSI2
. St6
~ sir @SI3
0.2 1 ®35)9
-03]
~0.4 .-

10 -08-0.6-04-02 0 02 04 06 08
R{1]1=0.797 R*{2]=0.125 Ellipse: Hotelling’s 72 (95%)

4 20 HtFEHFARAY OPLS-DA 1557
Fig. 4 OPLS-DA score plot of 20 batches of U. laetevirens
2.12 /04X TOPSIS-GRA ERE &1 #REY
2.12.1 Jn#L TOPSIS 73 A6y BL 20 #4585
BRI 15 MER S EBIENTE, ZEFEE
SERATT VRN SR A6 KOs AT AR AL AL B L AR AEAL SE
MELERNET. BRTHIES “2.11.37 Tid %
FaAr ) VIP A AH FAF IR B (Zpe) , DA R
B—fabr s KM RIS (Z.5 , &/AMEN
WENTE (Z , WBIE\EAKX (1D (2 74htHE
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0.6
0.4
0.2
0
6 5 7 2 10 12 13 11 9 4 3 14 8 1 15

VUL 2-4% IR 3-IMERR; 4-BU3RRg; S-&22thH; 677
T's M2 8-Arsk s 9-ILA®y: 10-ARMER; 11-88 M
12-B-45 §5E: 1392 W 14-KIK5: IS-FRATEMK S

1-protocatechuic acid; 2-chlorogenic acid; 3-caffeic acid; 4-ferulic
acid; 5-hyperoside; 6-rutoside; 7-quercetin; 8-apigenin;9- kaempferol;
10-luteolin; 11-daucosterol; 12-B-sitosterol;13.extract; 14-total ash

content; 15-acid-insoluble ash.
5 20 HtFEMHSARAERAY OPLS-DA #J VIP
Fig. 5 OPLS-DA VIP plot of 20 batches of U. laetevirens

samples

IEMAEMRERE (D)  FEARMIEES (Dy) o

D; =35> (Z-20)? (D

D; = 3% (Z0-Z;)? 2)

2.12.2 GRA % 20 #HETEA SR S bR =
WNAG—, TR ARK Yi=ziZ2y (Zij NEVENTE

PR B, Zy WA | AR RET S BRI 45 R
BIED HEATAFRRY, Vi 03 8. AbFEJE H B
BRENBREZFH] V) » B/MENNRES
EFH (V) . BIREAR (3) (4) &N
BTEHIAT Yy Yy (958 5% Clo A1 Clo .

Amin+ 0.5 Amax

Cly=—— 3)
i) ‘Yij—ij‘ + 0.5 Amax
054, w
O NG=Y o +0.54,,,
Amin=min|Yij— Ybj|, Amax=max|Yij— Yuj|, Almin =min |Yij—

Ysils  Amax =max [Yii—Ysi]) o

AKX (5 (6 7 AT X GARXS T
Yo FIREREE (Rip) P SAHXNS T Yy I5CHR
& (Ris) » SRINE 9.

1 15 .
Ry, :EZ;CJ'“’) (5
j=
1 15 .
j=

2.12.3 AL TOPSIS ¥:5 GRA @iy X3 9 £t
ITENEALEE, BENEWNE &' div rws 1o H
AR (EFr=05d7+0.5rp, Er=05d"+05r) 5
BEFSIEEAENAKWTE (ES 5HBFEA

®7 SERGRIERELLEER

Table 7 Results of standardized processing of raw content data

PRAEAL A

hi2
i JRLRER SRR OMERR BUZER 20T T MG PR LRI KRER §1% M A EEE R SRy BRAEIEK D

SI 03175 0.61560.20880.3761 0.3649 0.41760.44570.30000.5420 0.5167
S2 04127 0.84360.40660.2137 0.5541 0.26680.58110.35710.4809 0.858 7
S3 0.3333 1.00000.5604 04188 0.4517 0.49270.24040.38570.1374 1.0000
S4 05079 0.82080.34070.2991 0.3083 0.45860.40260.57140.2901 0.7026
S5 0.5556 0.95770.45050.3333 04049 0.39290.53560.457 104198 0.799 3
S6 0.6032 0.99670.51650.4274 0.2556 0.59400.35590.51430.2672 0.758 4
S7 04127 0.7427024180.2051 0.1405 0.44860.28700.60000.1908 0.568 8
S8 04603 0.85340.30770.3675 03571 0.43310.39560.40000.3588 0.7323
S9 09206 0.18570.08790.0427 03063 0.15780.42120.17140.2595 0.468 4
SI0 0.8889 0.18890.03300.1111 0.1005 0.07970.06420.11430.0534 0.2900
SI1 0.8413 0.17260.06590.1453 0.1405 0.15160.09450.14290.1527 03717
S12 1.0000 0.27360.00000.0598 0.0000 0.0309 0.04670.00000.0000 0.063 2
SI13 0.9365 0.00000.04400.0000 0.0546 0.00000.00000.05710.0840 0.0000
S14 09048 0.15960.02200.0684 0.1229 0.08660.11790.10000.0992 0.2677
SIS 01111 0.75900.93410.8462 0.8624 0.80430.8868 0.88570.6870 0.423 8
SI6  0.1746 0.37790.79120.9487 1.0000 0.9056 0.85300.94290.748 1 0.658 0
S17 0.0794 0.87300.86810.8034 0.7629 0.95200.79700.84290.8092 0.249 |
SI8  0.0000 0.57001.00001.0000 0.9522 1.00000.9557 1.0000 1.0000 0.472 1
S19 02381 0.08140.71430.8974 0.9005 0.85461.00000.78570.8779 02156
S20  0.2857 0.70680.64840.7350 0.8107 0.59550.746 8 0.64290.6183 03346

02973 05391 0500005506  0.6552
03964 09783 0436004831  0.793 1
03243 1.0000 0.40700.6404  0.862 1
05225 05261 0540704270  0.6207
04279 07609 0476704607  0.6897
04685 09000 0453505393  0.8276
0.6216 06261 0412806180  0.5862
04550 0.7739 0488405281  0.6897
0.0000 03652 0.07560.0000  0.448 3
0.1892 0.6435 0.10470.0899 02759
03243 0.0000 0.000002697  0.5172
02252 04826 0.034902135 04138
0.1441 04348 0052303034  0.0000
0.1577 03957 0.07560.1685 03103
0.6306 03870 1.00000.9326  0.8621
1.0000 03348 0959309101  0.793 1
07117 02652 0.88951.0000  1.0000
09414 0.1957 0.98260.8202  0.8966
0.8108 01261 0.93600.7640  0.7586
0.7613 0.0783 0.95350.7865  0.862 1
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Table 8 Dimensionless treatment of original data

Yy

B
PR SR R BT SEME T MR TR IR RREER WY N - R R B BRAEERK

S1 08821 1.03940.85820.9784 0.9580 0.98010.98160.83211.1383 1.0245
S2 09436 1.19790.99620.8890 1.0604 0.90211.14120.89051.0772 13136
S3 08923 1.30661.10341.0019 1.0050 1.01890.73930.91970.7334 1.4331
S4  1.0051 1.18210.95020.9360 0.9273 1.00130.93061.10950.8862 1.1816
S5 1.0359 1.27721.02680.9548 0.9796 0.96731.08760.99271.0160 1.2634
S6  1.0667 1.30431.07281.0066 0.8988 1.07130.87561.05110.8633 1.2288
S7 09436 1.12770.88120.8843 0.8365 0.99610.79431.13870.7869 1.068 5
S8 09744 1.20470.92720.9737 09537 0.98810.92240.93430.9549 1.2068
S9 12718 0.74050.77390.7949 0.9263 0.84570.95260.7007 0.8556 0.983 7
S10  1.2513 0.74280.7356 0.8325 0.8149 0.80530.53140.64230.6494 0.8328
S11 1.2205 0.73140.758 6 0.8514 0.8365 0.84250.56720.67150.748 7 0.9019
S12 1.3231 0.80160.71260.8043 0.7605 0.78020.51070.52550.5959 0.641 1
S13 1.2821 0.61140.74330.7714 0.7900 0.76420.45570.58390.6799 0.5877
S14 1.2615 0.72240.72800.8090 0.8270 0.80890.59470.62770.6952 0.8140
S15 07487 1.13901.36401.2371 1.2273 1.18001.50191.43071.2834 0.9459 1.1181
S16 07897 0.87411.26441.2935 13018 1.23241.46201.48911.3445 1.1439
S17 07282 1.21831.31801.2135 1.1734 1.25641.39591.38691.4057 0.7982
S18  0.6769 1.00771.41001.3217 1.2759 1.28121.58311.54741.5966 0.9868
S19  0.8308 0.66801.21071.2653 1.2479 1.20601.63551.32851.4744 0.7700
S20 0.8615 1.10281.16481.1759 1.1993 1.07211.33671.18251.2147 0.8705

0.8719 1.0224 1.00840.9801  0.9740
09451 12261 0.95991.0321  0.7143
0.8918 12361 0937909107  0.5844
1.0383 1.0163 1.03921.0755  1.0390
0.9684 1.1252 0.99081.0494  0.909 1
0.9983 1.1898 0973109887  0.6494
1L.1115 1.0627 0.94230.9280  1.1039
09884 1.1313 0.99960.9974  0.909 1
0.6522 0.9417 0.68691.4050 13636
0.7920 1.0708 0.70891.3356  1.6883
0.8918 0.7723 0.62971.1969 12338
0.8186 0.9962 0.65611.2402 14286
0.7587 0.9740 0.66931.1709 22078
0.7687 0.9558 0.68691.2749  1.6234

09518 1387106852  0.5844
13910 0.9276 1.35620.7025  0.7143
1.1780 0.8953 1.30340.6331 03247
1.3478 0.8631 1.37380.7719  0.5195
12512 0.8308 1.33860.8153  0.7792
12146 0.8086 1.35180.7979  0.5844

% 9 20 ?ttﬁu-l-%ﬁ*éﬁl%ﬂl‘] Db+\ Db_\ Rib\ RiS
Table 9 Dy*, Dy, Riv*, Ris of 20 batches of U. laetevirens

samples

Yne Dyt Dy~ Rip Ris

S1 2.141 6 1.800 3 0.4659 0.554 1
S2 1.8977 2.396 8 0.5354 0.523 4
S3 1.9530 2.5314 0.5532 0.546 1
S4 2.0550 2.0303 0.503 6 0.5197
S5 1.8659 2.328 1 0.534 1 0.5023
S6 1.927 5 24203 0.543 8 0.5150
S7 2.349 2 1.8314 0.476 2 0.5650
S8 1.982 7 2.1513 0.505 7 0.524 0
S9 2.887 5 1.191 6 0.474 1 0.663 4
S10 32748 0.946 0 0.459 5 0.701 8
S11 3.2840 0.774 9 0.424 2 0.720 2
S12 34798 0.804 7 0.439 6 0.773 3
S13 3.660 3 0.638 0 0.4499 0.7927
S14 3.288 1 0.770 0 0.442 7 0.714 6
S15 1.197 6 2.9958 0.642 4 0.4916
S16 1.296 4 3.1249 0.686 7 04740
S17 1.369 3 3.0276 0.624 6 0.5300
S18 1.299 4 32773 0.744 7 0.486 9
S19 1.914 6 2.900 8 0.632 4 0.5133
S20 1.665 0 2.572 4 0.566 9 0.5135

W B CE7D 5 4% B A 2k S50 o M 30 B i
Vi=EAE+ED)], FFRYE p RS R B THE R,
WK 10, 255 20 T8 SRRFE G TR E T F A7
8 S15~S20 At I ZRE AR ML BE 73 7] 0.652 2.

0.6633. 0.6283. 0.6736. 0.5970. 0.5837, ZE&Jf
VPR, Peon o X a] B 5T T SRR
B AET™ [X o
3 g
3.1 KNERERENKES SEM

AW TG A A SCHR, 0B SRR B S AL A
B AT i, B E RS IR AR
K. HEEREYR . PTG TR AR AL T H 2
PE, SR AR T SRR A T R AR AR S
GREAER. FRILAER . SRR WNHEER . FARER
SHpkE. T MER. AR ILER. KR
TR E R E S B T Oz RIE D 1314,
BRES AT B-2 (8 I 7 A B i S5 B o AL ) 55 4
TR0, A, AR EZH AT A TG R AR
EE & R IJUESE, IR R 7 B i 5K R ke
e, HEAPE T, &2, Wik REHEE
B S AR (W T R R EOE 1.911~
3.204 mg/g) , B AN EITFN G EAL SR EY)
=0

MZERE VR E, Ry 2 BA b
% Ul P SEER . AP LR BEA M .
Prge . PUIDATSE(E RS20 SR JER B PR . P
B OFIHE. BEIE. WHRAEH, MR EGME. 5
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Fz10 20 MTMHERMERB 4 di s riss riss Eits Eiy pi
Table 10 di*, di, ris, ris, Ei*, Ei, i of 20 batches of U. laetevirens samples
Y dit di Tib Tis E* Er Vi HE P
S1 0.5851 0.549 3 0.625 6 0.699 0 0.5875 0.642 1 0.477 8 13
S2 0.518 5 0.7313 0.718 9 0.660 3 0.725 1 0.589 4 0.5516 10
S3 0.533 6 0.772 4 0.742 8 0.688 9 0.757 6 0.6113 0.553 4 9
S4 0.561 4 0.619 5 0.676 2 0.655 6 0.6479 0.608 5 0.5157 12
S5 0.509 8 0.710 4 0.717 2 0.6337 0.7138 0.5718 0.5552 8
S6 0.526 6 0.738 5 0.730 2 0.649 7 0.734 4 0.588 2 0.5553 7
S7 0.6418 0.558 8 0.639 5 0.712 8 0.599 2 0.6773 0.469 4 14
S8 0.5417 0.656 4 0.679 1 0.661 0 0.667 8 0.601 4 0.526 2 11
S9 0.788 9 0.363 6 0.636 6 0.8369 0.500 1 0.8129 0.3809 15
S10 0.894 7 0.288 7 0.6170 0.8853 0.4529 0.890 0 0.3373 16
S11 0.897 2 0.236 4 0.569 6 0.908 5 0.403 0 0.902 9 0.308 6 18
S12 0.950 7 0.2455 0.590 3 09755 0.4179 0.963 1 0.302 6 19
S13 1.000 0 0.194 7 0.604 1 1.000 0 0.399 4 1.000 0 0.2854 20
S14 0.898 3 0.2349 0.594 5 0.901 5 0.4147 0.899 9 0.3155 17
S15 0.3272 09141 0.862 6 0.620 2 0.888 4 0.473 7 0.652 2 3
S16 0.3542 0.953 5 0.9221 0.598 0 0.9378 0.476 1 0.663 3 2
S17 0.374 1 0.923 8 0.838 7 0.668 6 0.8813 0.5214 0.628 3 4
S18 0.3550 1.000 0 1.000 0 0.6142 1.000 0 0.484 6 0.673 6 1
S19 0.523 1 0.8851 0.849 2 0.647 5 0.8672 0.5853 0.5970 5
S20 0.454 9 0.784 9 0.761 2 0.647 8 0.773 1 0.5514 0.583 7 6

P PrALIERIRY; BIEEA PUEAL. Pk
U L BIEVERS; ISR S AR JIR
A U SEE IR, B SRR B ST PR ANR
DR iR rE27 5= INIEN NG 755 SN S SN TES
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BYERGr, (AR SR B AT AH Y . Btk
B NZUEN PR, [RGB —PEAT
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