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using multi—component content determination combined with chemometric analysis. Methods: HPLC was employed
using a ZORBAX Eclipse Plus Cis column (4.6 mm x 250 mm, 5 pm). The mobile phase consisted of acetonitrile
and 0.1% phosphoric acid aqueous solution, applied with gradient elution. The flow rate was set at 1.0 mL * min™',
the column temperature was maintained at 30 °C , the detection wavelength was 203 nm, and injection volume was
10 pL. This method was applied to analyze the chemical compositions of Kehuang before and after fermentation
and to establish their corresponding chemical fingerprint profiles. Quantitative determination was conducted for 11
chemical constituents, including chlorogenic acid, cimifugin, notoginsenoside Rj, baicalin, berberine, quercetin,
baicalein, wogonin, emodin, chrysophanol, and physcion. Furthermore, chemometric methods such as hierarchical
cluster analysis (HCA), principal component analysis (PCA), and orthogonal partial least squares discriminant
analysis (OPLS—-DA) were employed to distinguish and compare the samples before and after fermentation, with
the aim of identifying key differential compounds. Results: Chemical fingerprint profiles were established for
Kehuang before and after fermentation, with 22 common peaks identified. The fingerprints had good specificity
and can be used for quality evaluation of Kehuang. The results of multi—component content determination and
chemometrics analysis revealed significant differences in the content of notoginsenoside R; (1.023-2.927 mg* g™),
scutellarein (0.125-0.568 mg * g”'), and berberine hydrochloride (2.151-3.068 mg * g™') among the crude Kehuang
powder, fermented Kehuang powder, and the content of Kehuang capsules. Notoginsenoside R, scutellarein and
berberine were identified as differential markers between pre— and post—fermentation of Kehuang, which could
serve as quality indicators for distinguishing and identifying Kehuang before and after fermentation. Conclusion:
The chemical composition of Kehuang changes significantly after fermentation, and the differential compounds
have been clearly identified, which provides an analytical basis for quality control in the production of Kehuang
capsules.

Keywords: Kehuang capsules; fermentation; fingerprint; content determination; chemometrics; orthogonal partial

least squares discriminant analysis (OPLS-DA)
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Tab.1 Information on 15 batches of raw material powder, fermented powder, and capsule content powder of Kehuang capsules

[REEA N R it R EY S FES it
( sample name ) ('sample code ) (' batch number ) ('sample name ) ('sample code ) (' batch number )
JEEGRIBIA YYCI 2108011 JEBEN AR IN1 2203011
( raw material powder ) YYC2 2108012 ( capsule content powder ) N2 2203012
YYC3 2108013 IN3 2203013
YYC4 2108014 IN4 2203014
YYCS 2108015 INS 2203015
REEIA FJ1 2209011
( fermented powder ) FJ2 2209012
FJ3 2209013
FJ4 2209014
FJ5 2209015

2 FiEEER
2.1 B
211 A BRI R S A R
RATORE IR N YRR (i 65 B ) %2903 ¢,
K EFRE, 43 0 BT 50 mL HLZEHETEI Y, RS 26 I A
HE 25 mL, FRUCHE 2R , A A0 2 (500 W 40 kHz )
30 min, #ft &, O, PR, BN R K, T
4000 r*min~ B0 15 min, B W, 35 0.22 um 1%
FLUBHES , BREEDE , RIASA A St A AR T TR
212 BEXIRSER  FEERERSER KR
T =B RGGE A R IR/ INEEG MR R R
DU A ZR R BRI 5 25 ki %o R
W, BT S mLEREEED, NP ESRHIF eSS 2R
200 B, e ) 1l 5 i R B 43 5314 360,610, 1 590, 680,
410.420.,590.470,330,370 1 1 020 pg - mL™" (IR &
PO RT3 5 o R A OF- S o Ly S S EE N
22 kst

K H] ZORBAX Eclipse Plus Cyg (4.6 mm x 250 mm,
5 um) @R, LAZNE (A ) -0.1% BERR/KIER (B ) R
B AH, BB B VR (0~15 min, 15%A— 20%A ; 15~
50 min, 20%A—> 38%A ; 50~60 min, 38%A — 42%A ; 60~
70 min, 42%A — 60%A ; 70~80 min, 60%A — 90%A ;

80~95 min, 90%A ), ¥t # 1.0 mL - min™", ¥ i 30 °C,
PR 10 pL, K23 203 nm,
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TR, C2.1.17 TR 5 i A R A 4 (2.2
TR {0335 S S ERE 6 UK, LABEEAT (6 518 )
Z: MR H8 SU G T 22 AR I 25 B R, 45 3k
7 W R T {5 B8 5[] (4 RSD << 2.0% , #H %t e T AR
RSD < 2.8%, 3= BT ARG %5 B R4
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AT 6 0y, 4% “2.1.17 BT 5k il A R VT
Fiz “2.27 TUF A58 AR, IS (6 516 ) o
Z MR, 488U E 1k 22 IR I A 25 1 o, 4L
7 U AH KR B8 I E] B9 RSD << 1.8% , AH X 1648 18 FH 1)
RSD < 2.3%, RAIEEE MR
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“2.27 WUF B, 4T 0.2.4.8.12, 18 Fl 24 h
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Fig. 1 Fingerprint profiles of raw material powder, fermentation powder, and capsule content powder of Kehuang capsules (15 batches total)
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Tab. 2 Similarity evaluation of fingerprint profiles of raw material powder, fermented powder,

and capsule content powder of Kehuang capsules

R AR R i AR
('sample code ) ('similarity ) ('sample code ) ('similarity )
YYC1 0.995 FJ4 0.997
YYC2 0.994 FJ5 0.996
YYC3 0.995 JN1 0.999
YYC4 0.995 JN2 0.999
YYCS 0.995 JN3 0.998
FJ1 0.997 JN4 0.998
FJ2 0.997 JNS 0.999

FJ3 0.997
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Tab.3 Regression equations, correlation coefficients, and linear ranges for 11 components

)%

( component )

[m 15 e

( regression equation )

285 ( chlorogenic acid )
FhREZA ( cimifugin )

=-E2H R (notoginsenoside R; )

HEXAY (baicalin )

EhHR/NEERK ( berberine hydrochloride )

HitEz 2 ( quercetin )
HAF (baicalein )
%2 (wogonin )
KR (emodin )
K# W ( chrysophanol )
KB Wk ( physcion )

Y=8.456 x 10°X+5.015 x 10°
Y=2.199 x 10°X+2.658 x 10°
Y=7.689 x 10°X-1.110 x 10°
Y=4.214 x 10°X+4.991 x 10*
Y=1.505 x 10°X+5.693 x 10*
Y=3.571 x 10°X+4.958 x 10*
Y=5.107 x 10°X+1.176 x 10°
Y=4.630 x 10°X+9.918 x 10*
Y=2.013 x 10°X+2.944 x 10*
Y=2.645 x 10°X+7.692 x 10*
Y=2.402 x 10°X+6.958 x 10*

. LIV
(linear range )/ (pg * mL™)
0.999 6 0.072~0.360
0.999 8 0.122~0.610
0.999 6 0.318~1.590
1.000 0.136~0.680
0.999 3 0.082~0.410
1.000 0.084~0.420
0.999 8 0.118~0.590
0.999 9 0.094~0.470
1.000 0.066~0.330
1.000 0.074~0.370
1.000 0.204~1.020

242 MWEEER BOOEKRENEYHAR (IND),
Fi “2.0.17 TR Jy il A R oA e, 4% (2.27 IR
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1.1% , RILERG % 3 R AT
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Fig “2.1.17 WUT 7 i i A8 A ot VR, 2 TR 4%
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A, Je SR U TR AR, TR H: RSD, 25 SR A i i T
gk R IR THRE T =L B R VES T NEERR
M R SR AR REER KEH KEER
FH Bk 06 1T AR A4 RSD 43 91 K 1.8% . 1.5% . 2.5% . 1.9% .
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CIND), 4 “2.1.17 TR J5 ik, FAT 4 6 (i i i
W, F “2.27 T Uk S5 4 ol R I SR I T AR,
HHASER THRETE . = LR R AT /NEE
( AERRR/INEERIIT ) M R SR ISR K
RNy R B T35 50 0.304 2,

0.223 2,1.064 0,3.014 0,2.189 1,0.222 7,0.317 1,
0.146 1.,0.021 8,0.0459.0.045 8 mg - g™, RSD 4351 Hy
1.9%.2.6%.1.8% .1.7%.0.75% . 2.0% . 2.1% . 0.87%
2.5%.0.66% F1 1.6% , 2275 E M R

245 fIAEEICREEE BUE AT a0 SR N
FPHAR (INL), AT 6 103, BB 2 0.15 g, WEBFRAE
STAIMASRIERR TR R AT =LA RGBT /D
BERR MR SR DR S R CRER ORI R
B2 T IR A R 2,117 TR O s A A
VSR, SRR E  THEAE SR PR S5 IR R |
TFHRRRH =L R GEE NEERR ( LAEhRR /N
B ) M R SR SR RE R K.
KB FR H kAL TSGR (=6 ) 4353128 93.0% .
99.5%.97.4% . 94.2% . 97.0% . 98.0% . 93.3% . 99.4% .
98.8%.99.2% #198.1%, RSD 43 %l 4 0.96% .1.9% .
2.3%.2.4% .2.9% . 2.7% . 2.4% .2.9% . 2.2% . 2.7%
2.5% , W2 IR RISCR R AT
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1. 2% Ji R ( chlorogenic acid ) 3. kR 2 1f ( cimifugin ) 5. =& %2 11 R, ( notoginsenoside Ry) 6. # £~ 11 ( baicalin ) 8. /)N B fis ( berberine )
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Fig.2 HPLC chromatograms of Kehuang capsule content powder (A), fermentation powder (B), raw material powder (C), and mixed reference substances (D)
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Tab.4 Quantitative determination of 11 compounds in raw material powder, fermented powder,
and capsule content powder of Kehuang capsules
JEEE 53458 ( content )/ ( mg * g’] )
i LR . =LRBHFR X )
_ THRRET i LY INEED MR WER O HER KER Ky KRR
(No.) ¢( chlorogenic .~ (notoginsenoside " . . o . . .
) ( cimifugin ) R) (baicalin ) ( berberine ) ( quercetin )( baicalein ) ( wogonin ) (emodin ) ( chrysophanol ) ( physcion )
aci !
YYC1 0.794 0.322 2.878 3.771 3.068 0.300 0.129 0.043 0.027 0.055 0.051
YYC2 0.785 0.312 2.927 3.536 2.905 0.287 0.126 0.041 0.027 0.056 0.052
YYC3 0.784 0.313 2.848 3.567 2918 0.294 0.125 0.042 0.027 0.057 0.053
YYC4 0.809 0.327 2.856 3.704 2.966 0.309 0.132 0.043 0.027 0.057 0.050
YYC5 0.782 0.312 2.722 3.730 3.005 0.293 0.125 0.043 0.028 0.058 0.051
FJ1 0.481 0.293 1.848 3.654 2.709 0.291 0.551 0.182 0.036 0.091 0.109
FJ2 0.494 0.297 1.773 3.701 2.733 0.298 0.560 0.179 0.034 0.093 0.112
FI3 0.498 0.298 1.831 3.773 2.8303 0.298 0.568 0.186 0.035 0.094 0.105
FJ4 0.490 0.285 1.757 3.611 2.667 0.289 0.556 0.176 0.034 0.096 0.111
FJ5 0.504 0.297 1.752 3.687 2.744 0.287 0.542 0.181 0.035 0.091 0.113
JN1 0.311 0.226 1.065 3.093 2216 0.221 0.315 0.146 0.021 0.046 0.046
JN2 0.299 0.217 1.023 2.987 2.170 0.216 0.305 0.145 0.021 0.046 0.044
JN3 0.311 0.229 1.053 3.189 2.268 0.224 0.313 0.145 0.021 0.048 0.047
JN4 0.307 0.229 1.085 3.103 2.207 0.227 0.309 0.145 0.022 0.046 0.048
INS 0.298 0.224 1.045 3.001 2.151 0.216 0.308 0.143 0.022 0.045 0.046
RSD/% 39.1 14.6 40.2 8.71 12.8 13.5 54.9 49.5 20.2 31.9 43.5
I B R PR AREAE . 5B PCA 25 % 15 HUBS A BE 1 )
] N N N Som N N Son N
ns 09 3% FI~FIS W2 T 2, INI~INS 4 45 11 2%,
N4 H YYCI~YYCS5 MMM, PCA FYZ5R S HCA &5 50—,
JN2
JN3 -
FI3 6
FJ4
F2 4 FI1
s FJ4 e@® F]3
FI5 2 FI2F)s
FJ1 = 0 N4
Y2 = JszstﬁN: JN3 VY
YYC3 -2 %YY%%“YYCI
YYC4
YYC1 M —4-
YYC4 6
YYC5 =
-8 . i
B3 SERBERGVNARZBEMRIRENFWHR HCA REKE -8 -6 -4 -2 0 2 4 6

Fig. 3 HCA dendrogram of raw material powder, fermented powder,
and capsule content powder of Kehuang capsules

252 PCA %1 SIMCA 14.1.0 B4, LI 454 11
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4. tH PCA &5 Fa] 0, A 2 A 32 805 i B R STk R
4 99.1% M AT I J7 22 DTRR B R &, 8 57 1 5 Al
Bl REBe 1 S8R R 0.996, T BE 1 241 Q°
“h0.989, 13 B FiF 7 37 14 PCA B AU [ [X 43 58 11 Ft )

1]
4 TERERAMMER EZERERFTEEANASYHER PCA EHE

Fig. 4 PCA score plot of raw material powder, fermented powder,

and capsule content powder of Kehuang capsules
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Fig. 5 OPLS-DA score plot of the raw material powder, fermented powder, and capsule content powder of Kehuang capsules
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Fig.7 VIP value analysis chart of raw material powder, fermented powder, and capsule content powder of Kehuang capsules
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