B 2 T AT S B I U

BER,RALRY, GO, REEN BT B AL (LW AP EARFEGER, & 250355
2.\JJ}F\%‘EF[%M$%FJ‘EJ??% 250014; 3. HX P ELAERP A EFMF REHARA G EEERARF
WE 250014)

hE4S5%EE  RI932;RI17 XERERG A XEHES  1001-0408(2025)06-0661-07
DOI  10.6039/j.issn.1001-0408.2025.06.04

H E BH ATrTef2ieRAsasRet i, Ak RS E S EEI 00T L s AE et £ &
A EERIR T A WSE SR BB S SR s eh 8% R A SPSS 26.0 A AT R E AT, KA B F RN e
| DL 4E(L*)\éﬁﬂﬁ(a*)ﬁcv%‘tfﬁ(b*) KAMEF I F A TATINLEFALA R T 2L LR TH RS A FW
FMABERD , 5F R A 3 5 Ak £ (RMSE) 3R AN TR AL AL 69 FUml 4 ak . 25 R 20 v 2 M 38 S B 3 A7 16 N0 45300 9
NGB SRV TR P T AL FH R BT M B E Rt e 2 E A e 2 E 20 BLAE SR 5 At R ]
AAALJE F7 0.889~0.987; G R BR \ 2 T A LA M B E S M M E 4 F 4 5 % 0.025% ~0.166% ,0.048% ~
0.339% .0.082% ~0.419% .0.017% ~0.209% .0.011% ~0.134% .0.020% ~0.135% .0.041% ~0.235% ; R £ S W R 2=, LK
KIEB A 1AM, ISMARE AL TR A 3K, 20 F vh4 2y L* 4 62.814~75.668, a* h 1.409~3.490, b* # 25.249~
30.759; XGBoost ,LightGBM , AdaBoost 3 ## 7| ££ 7 49 RMSE # 0.008~0.070, #0453k R B 3F ., & F T 4h, XGBoost £ A Fim| 2 4
6AP R WA EH AR SO TRNAE, 18 s Ritis s /)”‘/K?J“/i‘fﬁ‘;fﬁ\{ﬁﬁ\’i%wa%—ff‘?,%/\#fb 5] kM
89 R TP E ARG A B TR AR 7T A T e ke 424,

KW Rt a2 e B3 RESA ST & FAL, BN LB T TR AR

Improvement of quality control methods and “quality evaluation via color discrimination” of Hypericum
perforatum

LI Xishuo', SU Benzheng*®, QU Zhenni**, ZHU Juanjuan**®, DAI Yanpeng®’, SHI Dianhua®’ (1. College of
Pharmacy, Shandong University of Traditional Chinese Medicine, Jinan 250355, China; 2. Shandong Academy
of Traditional Chinese Medicine, Jinan 250014, China; 3. Key Laboratory for Research of Technique and
Principle of Honey-processing and Carbonizing of SATCM, Jinan 250014, China)

ABSTRACT OBJECTIVE To provide a reference for the quality control of Hypericum perforatum. METHODS High-
performance liquid chromatography (HPLC) was used to establish fingerprints for 20 batches of H. perforatum and determine the
contents of its main components: chlorogenic acid, rutin, hyperin, isoquercitrin, avicularin, quercitrin and quercetin. Cluster
analysis was conducted using SPSS 26.0 software. The chromaticity values (luminance value L*, red-green value a*, and yellow-
blue value b*) of H. perforatum powder were measured using electronic eye. A prediction model for the contents of seven
components in H. perforatum based on its appearance chromaticity values was established using machine learning algorithms. The
predictive performance of the models was evaluated using root-mean-square-error (RMSE). RESULTS A total of 16 common peaks

were calibrated in the fingerprints of 20 batches of H. perforatum, and 9 peaks were identified, which were chlorogenic acid,

rutin, hyperin, isoquercitrin, avicularin, quercitrin, quercetin,
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BHETR H (No.GZY-KIS-SD-2023-53) 5 [ 5 7 2 25 4 By i K P samples and reference fingerprint ranged from 0.889-0.987. The
257 BB H (No.ZY YZDXK-2023121) s /R 925 | S 5 Bl % contents of chlorogenic acid, rutin, hyperin, isoquercitrin,
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1010946092@qq.com
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hypericin and hyperforin; the similarities of the 20 batches of

avicularin, quercitrin and quercetin were 0.025%-0.166%, 0.048%-
0.339%, 0.082%-0.419%, 0.017%-0.209%, 0.011%-0.134%,

shidianhua81@163.com results showed that 18 batches of qualified H. perforatum were
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grouped into three categories, when the Euclidean distance was set to 1.4. L* of the 20 batches of H. perforatum ranged from
62.814 to 75.668, a* ranged from 1.409 to 3.490, and b* ranged from 25.249 to 30.759. RMSE of three prediction models, namely
XGBoost, LightGBM, and AdaBoost, ranged from 0.008 to 0.070, indicating good fitting performance. XGBoost model predicted
the contents of the other six components with high accuracy, except for rutin. CONCLUSIONS The established fingerprints and

content determination methods are accurate, reproducible, and reliable. The content prediction model based on appearance

chromaticity values, combined with machine learning algorithms, can be used for the quality control of H. perforatum.

KEYWORDS Hypericum perforatum; fingerprint; cluster analysis; content determination; chromaticity values; quality

evaluation; machine learning; prediction model
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2 AEEHER
2.1 fELEILHEL
2.1.1  EGE&

Pl Zafex JX-Cis (4.6 mm X250 mm, 5 pm) N {43
FE 3 ABERR & 4N 2% vk (6 mmol/L, pH 6.5)-0.02% Wiz
VS-SR TR AE A TG BE R B (L3R 2) 5 Rl e K oy
354 nm(0~58 min, Z8J5EHR T A2 M AT MR AT
BT BT M 2 1290 nm (58 ~60 min, B -4x
22 Bk %) 590 nm (60~65 min, & 2 BEE ) ; Wi M 1
mL/min ; F:78 4 30 °C; #EREE A 5 L,

x2 FREEBESEH

{min RS % 0029 BRI % L%
0 0 0 1
2 0 78 0
40 0 65 35
50 0 2 79
51 2 0 79
6 2 0 79

2.1.2 PRSI A H

B E 2200 R (i =50 29 2 g W E R, B
T HIEEHH P G B IMA 60% LB 50 mL, FRE, Ik
MR 1 h, BOA , FRRFREE , H 60 9% £ BRI 2K 19 T
FE5),260.22 pum SFLIE ST, BRER IR, BIAS AL
pEaS
2.1.3 iR SR R 4%

B ER T Bkt ST R BT
Mt 2 B 4 2B T R A IS i RS ARE L A
SEF 5 mL 2 I R 2 B AS A — X R
P BT, B 2Bk N IR e RS R, BT S
mL 8, i B 57 (DMSO) I mL ¥ fi# , F-n
50% H B ZIE , BI1S & 2Bk R X B A A T . %
IR 4% B — X B A A T, BT 5 mL & i, i
BEE 25, WSS JRR A T 2 ph i bty R &
M MR T e 2R SRR EIRE
439 2 37.08.,41.92 . 47.28 . 51.66, 46.16., 49.80, 39.84
24.40,39.60 pg/mL AYTR A% HE S IA TR
2.1.4 K%

Be2.1.27 I A R (G5 S11) , #542.1.17 0
OSSR SR 6 UK, LA 24Pk S R A5 453t
WA OR B4 IR () RSD 23/ F 0.10% (n=6 ) , HIXT 1
1A FR A RSD /N T 2.96% (n=6) , 3¢ B AL %5 ARG 55 )
R4f.

2.15  FaE M
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J5 T2 RS 0.2.4.8,12 .24 hifF5“2.1.17 3 F (4,1
FRAFHEREIN 2 | A& 22 M6 4T 5 IR0 | 1545 20 08 AR X
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2.1.6 BRI
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LT R S BRI 1545 2L I AF X O B4 B[R] i RSD 24/ h
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6), KWk E R R Af
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S LRIFR 4. 2T 55 B AR 6 M 5 8 & 5 9: Wi
5 1LY 2515 DI S22k 3R 16 228k
Bl EHEtkWENEgBRERESGRBRAN
HPLC &

22 ZHSEENE
2.2.1 RGN R S A A%

A3 S R RRE 2,137 T R SRR T A Bk
SEW R AT R E T R T MR 2 I A A
BT 5 mL AR, I EEE A, RIS LR A oy I i
e B 3 9 2k 29.90 ., 86.52 ., 132.30, 30.82, 19.60, 20.14 .
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67.52 pg/mL HTEA X BT I
2.2.2 ZMXREL
BR“2.2.17 TR A B AW, 43 1. 2.4.8.,
10,1214 pL, #“2.1.1" W0 N 3G SRR E |, L4
ST ERE SRR AR (X)) (TR AR () #E T2t m]
H, g5k 3,
*3 ERSMERFESLMEERE

o Gittiifling GEg 2

M 0.0299~04186 ¥=1095 849.26X+2 180.00 09998
BT 0086 5~12113 Y=1667891.97X—5518.18 09999
Erxed 5ii 01323~18522 ¥=2150250.03—7338.79 09999
Sk 0030 8~0431 5 T=2258416.25X—3 05132 09999
RET 0019 6~02744 T=1864 21840 —1 334.04 09999
st 0020 1~0.2820 ¥=2298 336.04X =3 584.50 09999
% 0.0675~09453 ¥=2531 524201217832 09998

2.2.3 MHEIRAR

He2.1.27 30 A R (G5 S11) , #52.1.17 0
TSR SRR 6 UK, SRR . 25 R B, SR
BR T A 2R R AT W E T T M R
U T ALY RSD 43 591 4 0.39% . 0.50% . 0.41% .0.52% .
0.53% .0.71% .0.94% (n="6) , 2 WX S A 5 BE BLAT-
224 foE ki

BR“2.1.27 300 A S A W (G5 S11) |, 43 531 Tl &
JE I T AE 0.2.4.8.12.24 hiHE“2.1.17 101 | {43% 4%
PERERED A IC SR TR AR . S5 BN BRI ST &
LR SR R E M T R R 0T R Y
RSD 43 %1 4 0.75% . 1.35% . 0.89% . 1.00% . 0.93% .
1.07% . 1.27% (n=6) , & WA 328 i 5 7 = U T 0
24 h NFRETE R AT
225 HEEMIALE

IURE i (G5 S11) , 6 4y, 862, 1.27 5 T J7 vk il 4%
PR, T4 2. 1.1 T S S R R 2 e SR
U TR R AR ARV TR A A 1 o i . S5 o, &
SRR T A 2R SR AT O BT MR T
E5HEAMRSD M 1.39% (1.77% .0.64% .0.55% .
1.32% .0.93% . 1.41% (n=6) , F W% 5 e 09 & & 1
R4f.
2.2.6 R EIRCRIALS

FE %% I i 5 A 2B oK (45 S11)
60, B0 1 g, A SR E Y 11 i AGS &
) 5% BRL— X JHE Ot V5 R, K 4% A 609% & 15 %2 50 mL, 4%
JE 21,27 T Jr ik A U, P 2.1 IR
O SRR A |, JE SR TR BT TSI RE iR, 45
IR GRRIR T A 2R R T O E T
B2 AT M Ez 2R ORG24y Bl 93.85%
95.85% .94.53% .95.68% .93.86% .100.29% .96.48% ,
RSD 73 %}y 2.81% . 2.68% . 2.71% . 2.74% . 2.31% .
2.57% .2.50% (n="6) , T 7 I W WERA B R AT
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2.2.7 FEAEREIE
T 20 HIAE o AR A4S 2 g NEEFRE 32 2.1.2" T Ry

P A R S, P 2.1 17 TR 0 1 4% e R R
S FRAMRIE TR S B i B AT T 29K, 45
SR, 20 AR S R SRR T Ak SRR A
B M M ZR A S 4 0.025% ~0.166%
0.048% ~0.339% .0.082% ~0.419% .0.017% ~0.209% .
0.011% ~0.134% .0.020% ~0.135% .0.041% ~0.235% .
FAFHER B S 2Bk & S B AR R 22 5
e 2B R B, ST FIS10 RE 5 b 4 22 Bk & SR T
Crp [ 24 8 ) ML E AN TE DT 0.10% bRt , B A8
HoA IBHEFES At i, R4,

x4 BMELHMFTHRSSENEER(1=2,%)
B9 OBER AT GUWE RREE BEF WA Wi

S 0.111 0.175 0.172 0.066 0.070 0.090 0.094

82 0077 0.167 0.286 0.099 0.105 0071 0.140

$3 0.048 0.189 0.172 0.152 0.059 0.023 0.062

S4 0.088 0232 0.290 0.137 0.117 0.063 0.162

§5 0.071 0.066 0.151 0.018 0.047 0.058 0.087
S6 0.111 0.339 0.360 0.164 0.134 0.061 0.138
§7 0.025 0.056 0.082 0.040 0.011 0.020 0.004
S8 0.078 0.086 0.125 0.018 0.050 0.082 0.091
9 0.103 0.084 0.211 0.021 0.079 0.091 0.153
S10 0.073 0.117 0.089 0.020 0.025 0.040 0.007
SiI 0.072 0.054 0.141 0.162 0.058 0.074 0.100
S12 0.081 0.048 0.115 0.038 0.022 0.047 0.041

SI13 0.054 0.059 0.122 0.027 0.037 0.066 0.056
Sl4 0.060 0.168 0.165 0.035 0.039 0.135 0.130
SIS 0.081 0.162 0.294 0.209 0123 0.031 0.235
Sl6 0.077 0.069 0.162 0.019 0.051 0.059 0.101
817 0.037 0.054 0.120 0.017 0.046 0.063 0.125
SI8 0.048 0.137 0.123 0.025 0.046 0.128 0.134
S19 0.166 0.160 0419 0.039 0.121 0.126 0.137
§20 0.100 0.112 0.199 0.029 0.083 0.093 0.149

2.2.8  BIM-A 2tk 7R & A R R b

DL I8 LA 4% DI G 22 Bk rh & SRR 4 7 R o0 1 2
iR aE SR ] SPSS 26.0 JR AT RIS (B 2) o 45
TR, YRR CHE RS o LARE, ISHEAE B My 325. 82,
S4.S6.S15.S19 R J %5 125,S1.,S9.S14,S18.S20 K H
%522%,83.85.88.S11~S13.S16 . S17THR A3, Y4
WREGHE S R 2.0 B, 20 2 RS 3 K R —2K, 458 %
S SE AR I, B LR T S 0 T R A
TR A 2 RN 3 AR A R AR 3 2 SR
JIF S 00 T RIS B A B TS 3 2R (HAFEAE S3 I
STLRE S B B SNV ASE 228, SERRANA N 3R 3 A Reak
T XIS S — 2L o Hr A, SR AT RE 5 S3 A
FROMEEH I R 2 R STLRE S A s T e B 1 5
PR T 28k, SE 3 I G, 25 1 BT
REEEA T HME LA, P ISHEAE S P 2 128
KA, 55 22530 R B 58 3R A A i o
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2.3 BH&4mkpimelE

€7 () S T N MR X 250 €20 ¥ JE R0, RE BN B T 412 A
et Ak 24 26 1 A R Ak, AT S R LB R
A (L*) Y R 0~ 100, 75 B {6 M S 3] 1 i 784k 5
215 (a* ) FR g LT B SR A0 1k, Horp IE(EAR R 4T
o, SUEAR RSk 0 ; BLIEE (b*) FoR 68 B 31 5 1 78
b, IEfEA SR B, (R A

B 20 HLRE &, W3R, ok =50, 34 5 i B T w L
i ff L IR R SRR EIE, AT R AR 3 IR HCTE 3
. R xR, 20H#5H 4 2280 L* h 62.814~
75.668, a* K 1.409~3.490, b*Fy 25.249~30.759 , FE W] Bt
4 22O A HE AR 1 AT AW B, S5 LR 5,

#z5 20MBRHELMHNBEENESER (n=3)

Bags I a* i A @ b

SI 70.006 1911 27304 St 03.617 3.038 21299
2 66.716 3.149 27348 S12 75.668 2.062 29.700
83 74926 1763 28.295 S13 08.271 3.09 26515
4 04314 2.568 26891 Sl4 70,406 2455 29368
S5 70.100 2304 26.520 SIS 09.188 2006 30.759
S6 73.893 1409 28370 S16 08.856 2450 27120
§7 73.668 2.890 29447 S17 02.814 3353 25249
S8 71.808 2314 26895 SI8 03.099 2855 27435
9 66.202 3490 26.832 S19 04413 3.131 21842
810 70.134 1892 26.602 20 04.822 2805 26.526

24 RMTESZHINEETVESEHAR

PR B G 22 RN UL T AN AR T AR S
REHESL B BT IT 5, AR YL T 7 ik
T JE T AL B T 53 I <5 22 W 2 B B
BRI (ILIE3)

|| = (GRS = | i

BB <= | e || o |
3 EFI/INEEMNEHELMEERSSEHERE
BRI
BLgF 2 B vy

L 20 4k 51 4 22 Bk v S SRR A5 7 R o i L
a* D¥E NFEAERE , SR ] Min-Max 0 —1k 7 ik #E 475
WAL BH — Ak Ab #E 5 538 3o Python 22 il 4% %5 2 A% 11 F
(kernel density estimation, KDE ) LA TR 51| 54 {E -1 4 745
5 5 f#f F Python H' (Y “train_test_split” iy 2> K5 B3 45 ¥
8: 2 1 LL BIREAILIN 43 A N ZR A AR AR o SRl bt 5
A , A 5T 45 4 IR 4 2 R =373 SIS U B A TR
B2 AR UL 4, B ET4 AU YIRS DA 25 o
O3 A FEAR—E, SRR GRAR L Hb 7 FH T .
2.4.2 TR AL

X XGBoost , LightGBM , AdaBoost S #1127 > 5574
A Sy T A5 Y it 24 07 AR 1R 2% (root-mean-square-
error, RMSE) ¥ i #L #F 2% >J & & % 2L , RMSE=

SIS g Aoy, RSSO 5,

A S BRI, n AURAEASBE . RMSE M/, %
7 5 R AT L 3 500 B R g R A TR G I e v
B, BERIPEAG 25 2R DLk 6. i 3% 6 T 1, XGBoost
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0 0.05 0.10 0.15 0.20
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LightGBM , AdaBoost 3 Ft AL & 27 ~J 5 v T I A% AU 11
RMSE 4 0.008~0.070, 3%/, AR VLI i 24 5%, (H 2% F
XGBoost 152 81 LA 1E W) £ 75 125 KLk Aok 400XURS: , P A A4
R Pk A HETEAS AR AOE R 07 26 DG SR 0, AT S % 1 4
WETT , R IE , AR AFF 55 2 % XGBoost #5271 i T it il £ nf-
2y BRES LN A Uil % Nl e

*x6 AEFNEE LR ITMEH RMSE E

A SRR OFT S REET  REF O WEF SR
XGBoot 003 00 000 008 009 008 00
LghGBM 002 004 0B1 0T 003 008 00
AdBoost 0035 006 00 000 001 009 000
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