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Abstract Objective: To establish the HPLC fingerprint of Gardeniae Fructus before and after processing, and to
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study the relationship between the fingerprint and antioxidant activity. Methods: Agilent 1200 high—performance
liquid chromatograph was used, and the column was Agilent ZORBAX SB-Cis (250 mm x 4.6 mm, 5 um). The
mobile phase system was 0.1% formic acid water—methanol solution. The ultraviolet detection wavelength was
254 nm. The column temperature was 25 °C. The extraction solvent of the test solution was 70% methanol solution.
The injection volume was 5 pL. The flow rate was 1 mL * min™', and the fingerprints of six batches of gardenia
before and after processing were established, and the antioxidant activity of gardenia before and after processing
was evaluated by DPPH method, and the spectral effect relationship was studied by grey correlation analysis and
partial least squares regression analysis. Results: 23 common peaks were identified in the fingerprint, and five
chromatographic peaks were identified by comparison of reference substances, including geniposidic acid (peak
3), genipin gentiobiside (peak 9), gardenside (peak 11), crocetin I (peak 21), and crocetin I (peak 22). The mean
half inhibitory concentration (ICsp) of DPPH radical in 5 different processed products (raw gardenia, fried gardenia,
wine gardenia, gardenia charcoal and ginger gardenia) were 0.25 mg* mL™", 28.61 mg* mL™", 6.34 mg - mL™',
11.79 mg - mL™", and 0.68 mg *+ mL™", respectively. Combined with the three statistical methods, peaks 3, 9, 11, 21,
and 22 were the common peaks associated with DPPH radical scavenging. Conclusion: The antioxidant activity of 6
batches of Gardeniae Fructus before and after processing is the result of the interaction of multiple components, and
peaks 3,9, 11, 21, and 22 are closely related to antioxidant activity. The results of this study provide a reference for the
basic research and clinical application of antioxidant substances in Gardeniae Fructus before and after processing.
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Tab.1 Information of 6 batches of Gardeniae Fructus

P z&mg - _—-
( number ) (herbal medicine (origin )
batch number )
1 20230619007 1R ML ( Hunan Huaihua )
2 20230619002 VLTE 43R ( Jiangxi Fengcheng )
3 20230619009 VLPGHRAY ( Jiangxi Zhangshu )
4 20230619003 #19L 228 ( Hubei Xiaogan )
5 20230619004 #7378 ( Fujian Ningde )
6 20230619008 HAAE A ( Fujian Fuding )
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Tab.2 Gradient elution procedure table
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(time )/min 3548 ( mobile phase ) A Wi 8l14H ( mobile phase ) B
0 95 5
5 85 15
7 80 20
15 70 30
17 68 32
19 67 33
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24 54 46
29 51 49
34 49 51
36 44 56
40 35 65
43 5 95
50 5 95
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Fig. 1 HPLC fingerprint of processed products of 6 batches of Gardeniae Fructus before and after processing
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Fig. 2 HCA diagram of six batches Gardeniae Fructus before and after processing
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Fig. 3 PCA diagram of six batches Gardeniae Fructus before and after processing
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Fig. 4 OPLS-DA diagram of six batches Gardeniae Fructus before and after processing
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Fig. 5 VIP score chart of 6 batches of Gardeniae Fructus before and
after processing in OPLS-DA

2.5 FLFARAES A A

A3EL “2.1.27 TR 5 N5 BRI A 20 WL,
JITH B 100 pL, il 25 75 2] p 2 fh 2 BT TR G T
Fie “2.27 U OGS AR E | LLRCOR B B[] 1 5%
AR IOGTE B, X HE AR 23 A g 5 S
TEETEAT THEIN: 2000 3 S ( e V1R )
9 Sk g ( HU e IR RRXUBE ) 5 11 5 a3 0g (5

VIP[2+0+0]
o -
= W

o i

|
o
n

|
—_

SOV NN =N —n <tV TN — Q)0 O
SEvEvETEVE-—EAN N - RS - v vk Rk ]
B A R - T I - I B B A e B s
P P P P P PP P
A A A A A A~ A A ~ A~ A A =N

Var ID ( Primary )

E 6 #F 6 MUKIEHIBIEEE ML OPLS-DA E#ih1 E
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Fig.7 HPLC chromatogram of mixed control products(A) and before and after processing products(B) of Gardenia Fructus
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Tab.3 Regression equation, correlation coefficient and linear range of each component
LRI e R FE IR

sy

( component )

( regression equation )

ISpigEs

(linear range )/ (limit of detection )/ ( limits of quantification ) /

(ng-mL™) (pg-mL™) (pg-mL™)
FUBFR ( geniposidic acid ) Y=6.0x 10°X-22874  0.9997  36.87~486.01 0.92 3.07
TR HHAUBEFT ( genipin gentiobiside ) ¥=4.0 x 10°X+3099.5  0.999 1  32.78~478.32 0.23 0.77
HE T4 ( gardenside ) Y=6.0 x 10°X+13593  0.9995  113.50~3 180.83 0.28 0.94
PHLIAET - T (crocetin ) Y=4.0x 10°X+9 682.5  0.9990  40.38~914.28 0.42 1.39
PELLAEH - T (crocetin 11 ) Y=6.0 x 10°X-35 809 0.9993  0.62~495.67 0.27 0.90
x4 SOHRDEERFHERPHMIRERE (=9 )
Tab.4 Recovery rates of S components in raw Gardeniae Fructus samples
. FEG T N . SRl
Ry Dk e D i O
. . ('sample content )/ (added amount )/ (‘average RSD/%
( component ) ('spike concentration ) /% (measured ) /mg  ( recovery ) /%
mg mg recovery ) /%
PVER N 50 0.002 6 0.026 6 0.028 4 96.7 101.4 3.8
( geniposidic acid ) 0.002 6 0.026 6 0.028 1 95.6
0.002 6 0.026 6 0.028 4 96.8
100 0.005 2 0.053 3 0.060 5 103.7
0.005 2 0.053 3 0.060 9 104.4
0.005 2 0.053 3 0.060 2 103.0
150 0.007 9 0.079 9 0.091 6 104.7
0.007 9 0.0799 0.091 7 104.9
0.007 9 0.079 9 0.090 1 102.8
e AR 50 0.044 2 0.151 6 0.164 6 101.9 102.0 0.82
(genipin gentiobiside ) 0.044 2 0.1516 0.164 0 101.5
0.044 2 0.1516 0.162 1 100.3
0.201 3 0.3032 03321 102.9
100 0.201 3 0.3032 03313 102.6
0.201 3 0.3032 03316 102.8
0.0302 0.4547 0.491 9 101.5
150 0.0302 0.4547 0.497 0 102.7
0.0302 0.4547 0.493 7 101.9
0.029 8 0.666 5 0.691 6 99.3
HEF 50 0.029 8 0.666 5 0.703 3 101.0 101.0 1.0
(gardenside ) 0.029 8 0.666 5 0.707 2 102.0
0.059 7 1.333 1 1.4015 100.7
100 0.059 7 13331 1.3942 100.1
0.059 7 1.333 1 1.3942 100.1
0.089 5 1.999 6 2.1386 102.5
150 0.089 5 1.999 6 21271 101.9
0.089 5 1.999 6 21252 101.8
0.005 2 0.058 7 0.064 1 100.4
[Eawi s 50 0.005 2 0.058 7 0.064 0 100.1 100.6 0.49
(erocetin I ) 0.005 2 0.058 7 0.064 7 101.4
0.0103 0.1174 0.128 8 100.9

RO
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WA Ik P I Wit e
(component)  (spike soncentration )/ (sample content)/~ Cadded amount )/ Vg (socovery )% (average  RSD/%
mg mg recovery ) /%
PaLiet - 1 100 0.010 3 0.117 4 0.129 1 101.1
(erocetin 1) 0.0103 0.1174 0.1280 100.2
0.0155 0.176 2 0.193 1 100.8
150 00155 0.176 2 0.1920 100.2
00155 0.176 2 0.1917 100.0
0.000 8 0.007 4 0.008 2 100.3
[iEawiac | 50 0.000 8 0.007 4 0.008 2 100.1 99.8 0.61
(erocetin 1) 0.000 8 0.007 4 0.008 2 100.1
0.001 6 0.0149 0.0163 98.8
100 0.001 6 0.0149 0.0163 98.9
0.001 6 0.0149 0.0163 99.1
0.002 4 0.0223 0.0247 100.1
150 0.002 4 0.022 3 0.0247 100.1
0.002 4 0.022 3 0.0247 100.2

2.7 FEREEIE

BL“2.1” TR 6 ANHEUME A il 1 Je A (ST~
S30 ) 4 A 3K it A VR R ATV R T RS % 6 4>
HERHE F I B FT S RESD (n=5) FREUA T K 1 ¢ B
THF SEHEE M, B BGE & 70% P IR R R, 15
“2.27 TUF A E A HEREIN A, T ERE & R e A
1% 5 eV R IOSURE AT HE T4 P2 4E 1T - 1 Fnvl
AT - &, 4RI 6,
2.8 DPPH &l M il i o A i b A/
2.8.1 DPPH % & 1yl % %% H DPPH 4.00 mg T
100 mL fE R, BRECELAH, INATCK L BEE R 2
ZIE B 0.04 mg - mL™ AR, B2, A (TR
360 W, #1540 kHz ) 10 min, #GIRAE
282 MHASIAW AT S FREUE R R TS
FESAS S ¢ THIEMH, A 80% £.% 500 mlL, [H]3i
PEEU 1 b W30 FhIE KB AR BB U TS
KA, By it i (40 H ). KRB B K 20 mg F
5 mL I, NSk S IR R B 205 250 B R
BER, WOAS [RRFR BRI, FHALKH B, 75 B 435l
J91.2.2.5.3.3.5.4 mg- mL™" 14 2 5 Ak 5 S U
FHF DPPH H Hh L& BRFMIIE
283 FRUMEMNZITIE KEEMRIGEAER C 5 mg &
T 100 mL s H, N2l K il TR B B 20, $82),
VR B HERRR o I FH R A T o, IR BBUAN [] A
BEV, FHEEZK A B, A5 e B2 43720 0.01.,0.02.,0.03

AL HREL

0.04.0.05 mg * mL™" ) R 51 %F B8 &4 7% W, T DPPH
H HSE T BR R S R M2, IR R C it ik
FE (X)) ARG ARR , B MAEE (A ) AR, 15 B b5
HEZ N
A=18.85X-0.393 r=0.999 3
FHHZM:OC R BT
284 HHWAEERFNNE K- DPPH H 2
It 7R & 3 45, DPPH FglizK /B R % B4, 6
K C PSP S R 25 VAL K 2,87 TF 6 Mt
URAE 0 1l 117 5 FE i ( S1~S30 ) Y H U AR R A1
M, T 2 mL B0 I AR L I 60 pl A
JC/K £ B 140 plL, 1fi J5 il A 0.04 mg - mL™" DPPH %
& 400 pL, e PR . AR5 72 W AL 50 30 min,
T 517 nm L0 E WU BE (A), 47 3 IR S
Fi T AR AR BR A
H A REE R =[1- (A g -A 2 ) /A 4] x 100%
A g R A W R 5 A o 25 LIRS 5 A
popapice LT g

LEECN IR E (1Cs0 ), TR FEMIH R —2F A
FERIVE TR, TCso #/0N, UL B SZ 3R % 1 vh JE 335
ARG, T LB )RR . f ] SPSS Pro 7E4k
E5NA IR S DA A (0N I 1) == TR /1= R A RN i 1 DAER =K ¢
LN G, TR BIAE -4 ) S AE 5 1Y 1Cso UL
# 7, HEFRTAH, A+ (S1~S6) i Kk DPPH 1Y



‘J PA Y 49 B 22 E  ChinJ Pharm Anal 2025,45(3) - 435 -

£5 6 MLXEFRENEERT S MRS SEMNEER (n=5)

Tab.5 Content determination results of five components in six batches of Gardeniae Fructus before and after processing

P (content )/ (pg + mL™")

% (No.) HEFHR TP IR IE AU BeF i [LEAw: A | PHLLAET - 1
( geniposidic acid ) ('genipin gentiobiside ) ( gardenside ) (crocetin T ) (crocetin T )
s1 59.69 192.07 946.58 87.53 21.62
S2 59.50 190.56 912.04 89.94 21.26
S3 59.54 191.30 915.18 89.97 21.28
S4 59.50 190.63 912.69 91.11 21.52
S5 59.58 190.81 912.74 90.78 21.46
S6 59.52 190.90 915.08 89.44 21.59
X=SD 59.55+0.12 191.04 +0.27 919.05 £ 1.47 89.80 + 1.41 21.46 +0.72
RSD/% 0.12 0.30 1.5 1.4 0.72
S7 67.79 179.08 920.22 82.40 19.96
S8 67.92 179.08 919.42 82.33 19.92
S9 67.3 178.65 918.58 82.33 19.96
S10 68.19 181.39 936.03 86.89 20.08
S11 67.88 179.47 925.38 81.59 20.33
S12 68.38 188.26 929.40 85.65 19.79
X+SD 67.81 +0.70 180.99 = 2.04 924.84 +0.74 83.53 +2.61 20.01 £0.91
RSD/% 0.70 2.0 0.74 1.6 0.91
S13 53.84 173.49 829.55 58.71 17.23
S14 53.88 174.72 844.95 58.60 17.20
S15 53.79 174.66 845.53 58.09 15.44
S16 56.08 179.51 862.59 58.22 16.72
S17 53.86 174.24 818.06 60.14 16.65
S18 53.89 174.94 846.28 57.84 16.43
X £SD 54.22 + 1.68 175.26 + 1.22 841.16 + 1.83 58.60 + 1.40 16.61 +3.94
RSD/% 0.42 0.98 1.3 12 0.86
S19 46.68 179.14 786.37 / /
$20 46.65 179.14 786.37 / /
S21 46.86 178.68 782.57 / /
S22 47.10 178.69 782.76 / /
$23 46.64 177.50 707.60 / /
S24 46.58 183.67 775.24 / /
X=SD 46.75 + 0.42 179.31 £0.98 770.15 + 4.01 / /
RSD/% 0.59 0.85 1.0 / /
$25 65.49 185.61 904.35 5229 16.50
$26 65.94 185.69 902.42 52.09 16.47
S27 65.54 189.08 908.72 52.11 16.50
$28 65.57 185.31 900.81 51.74 16.56
$29 65.81 185.67 911.05 52.41 16.60
S30 65.62 185.08 912.73 51.69 16.56
X=SD 65.66 +0.27 186.08 = 0.80 906.68 = 0.54 52.06 +0.55 16.53 £0.29
RSD/% 0.27 0.80 0.54 0.55 0.29

RO
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it Sy ek, 5 H T3 Ak 2 o S AR X R, HE 1Cs
£ 0.24~0.26 mg - mL™" 70 Fl P4 0 35 HOROE S4B 1
(S25~830 ), HEF ¢ ( S19~824 ) i [%: DPPH [ g /7 £

55, H 1Cso 7£ 11.70~11.90 mg - mL™" 3 [l P4 38 3, #E
I3 ] BE 508 4¢P Ak 24 i PR 20 A8 T Y 5 e
HEHEXRR.

x6 WmFAFFIEFEMILELT ICs
Tab. 6 ICs values of antioxidant of Gardeniae Fructus before and after processing
R A 1Cso/ FEah 1Cso/ i 1Cso/ Feh 1Cso/ FEah 1Cso/
(sample No.) (mg-mL™) || (sample) (mg-mL") | (sample) (mg-mL™") || (sample) (mg-mL") | (sample) (mg-mL")
S1 0.25 S7 4.73 S13 6.24 S19 11.80 S25 0.69
S2 0.24 S8 4.72 S14 6.34 S20 11.82 S26 0.67
S3 0.25 S9 4.84 S15 6.42 S21 11.78 S27 0.64
S4 0.24 S10 4.80 S16 6.40 S22 11.90 528 0.71
S5 0.25 S11 4.72 S17 6.40 S23 11.72 S29 0.68
S6 0.26 S12 4.80 S18 6.25 S24 11.70 530 0.66
X 0.25 X 4.77 X 6.34 X 11.79 X 0.68
2.9 MEFHHATEEEMIESEE SEREER K R7 BREFRESRFENNEHRLTEIERRK
(WS g ) =L

R A IR B 3 T 2 3 2o 53 BT 45 A PR 2% ) i A
Al it R A AE DCIBE I , I € i e 5 2 80He A 2 H) A
SMER N, AT LU T B3R 15 B TN A 3 RAS
(15 B SR SPSS Pro #£ £ 54k 73BT , K- HE 7 M il
I FE b A D R R B 5 AT 5 R S A
an P AAARTE M ( A HERTEBR ) 2SRRI E B
G, B M ) A ) e W T R E S R A1),
1 B ShE AT AL I3 A BOCHR B, 25 SR L3R 7, 4
FUEF 3.9,11,21,22 S EFECHEY > 0.8, %
25T A MR RN R, 7= A D a5l 6 ) )
VB AR 5 A8 DI BT J0 T e X el Xof | Py 3k
T8 PR 7= A 1) IEAH DG 2 TR S i g ], FR[R) 4
MBS R A 2 A 45 vl e A BT 22 5, )3
T AT FCABAH S 43 B T E— 25 1 A5 Ay i
DPPH AT BRFAICR
210 HEFJ0 il S A A e SR S P AR T Y
e/ — TR [l 5 4 A

% I 57N — 3 [81 05 ( PLSR ) 1543 BT 4G 74
HIJE A b 1) HPLC $5 80 R A i g i #1 5 DPPH
AR EIMPTE A 1Cs Z A& R . DPPH %% PLSR
D5 AR A 1 R B0 VIP (UL 8. 23 AN gy
U 3.9, 11,21 1 22 XA i [l 9 R Bk IEAE, 2 X
SO EAT W (1)U TET AR A, TCso (L RILBRATR , RV BR DPPH
Y HE J7 858, VIP {H /2 PLSR 43 #r v — 4> B E 1 45
B, VIP R, BT A AR 5 X (9 i B E 85 ; Y
VIP {E > 1 i, UG PE o X 25300 A . 78

AL HREL

Tab.7 Gray correlation between free radical scavenging
rate and common peak area of Gardeniae Fructus before and

after processing

I CHRE 53 CHREE 53 HREE
(peak ) (relevance) (peak) (relevance) (peak) (relevance)
1 0.856 9 0.871 17 0.822
2 0.876 10 0.765 18 0.766
3 0.857 11 0.866 19 0.887
4 0.829 12 0.766 20 0.847
5 0.843 13 0.872 21 0.825
6 0.871 14 0.865 22 0.828
7 0.821 15 0.858 23 0.834

8 0.846 16 0.865 / /

DPPH ¥ (1) PLSR 23 #7 H, VIP {H > 1 A 34 i A 14
3,9.11.,21 f1 22, KM s/ IR ML EY 5
BEFHL AL TG PE I RN 2 B A e, 4545 PLSR Jf
R 113 R EOR VIP {H, KB 3.9, 11,21 F1 22 X
PrEALTE P DTRREEOR , i 5 AT CR M LS
YIEHE T U A E 2G5

ZEB AT TS R e SR AT 0 5 20
FEAR PLSR 73 Ar 5 58, 08 3.9 11,21 122 52534
FEPR I IEARDC, B SHU A IS M OGRS R Y IE
FHOGIEE o R A8 IR BE A3 AT 5 it e /N e 11 U 43 A 4%
RIA 3,
3 it

DAC 58 295518 ) 5 AR 2 rh i B 25 (AR B
fiE ) 1L e 7 R RIE, e B AR R R .
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A

115 24X ( regression coefficient )

1 23 456 7 8 9101112131415 16 17 18 19 20 21 22 23

%% ( peak number )

VIP
=

1 234567 8 9101112131415 1617 18 19 20 212223
%% ( peak number )

E 8 WFEHIEIERE M DPPH B HEFRIEEMNRETRREE (A ), /FAHEIEHMA DPPH B BEFRF LN VIP EE (B )

Fig. 8 Standard regression coefficient plots of DPPH free radical scavenging activity of Gardeniae Fructus before and after processing(A), VIP

value map of DPPH radical scavenging activity of Gardeniae Fructus before and after processing(B)

O ALK LR o R IIE T FEZ Ak
B, PTARAR DR o D R v R 2
IR PRI 2422 4= H 207 1%, IR~ A S A 3 mT L
BN A 5 Wt S e v 2568 K HE AR T kSR i
2 R 5 i P, ARG AE T A e IR |
HUEFJEHESOREF HE 7 PULLAE T -1 FPY 2048
- X 5 Al ok BT %E /2 Hrit o, Bl 1
Be LIRS 5 s ior & . g1
2R TR P RO B PR I S S PY LD A
I ARWF TSR TR TR A R i A T 35
KB, AENE T AP TS RGO EAS B R T HE T
il iy, PUELAEH FER o I B35 FEAR T o EL g 4
KA, X5 C A B AR — 2 >,

AW ia 2 ege it o i Jr ik e T4 il i
Ffah HPLC 16 SCETEHEAT 204 o 2o M ik e BRAG i i
JEi A ity 1 R St B R O — 2, TG o T S A i
8 A 27 B3 B8HG e AR HE AR I, L S 30 S Y
HPLC $8 20 RIS AR A REAR (B2 il DI HL X 70
DPPH ¥ BRI S SR s, 5 A4 T M HE, HE 1 2 Y
PUEATE AT WA, n] e e T 2% il PH 2L
PEH I & B RS PILLEF RSN aiedh
AIPHZLAE R Y LLAERR o AR, JE i A AL L A4 3=
SHEEYIR . PR, HE T SR i A D S G B ]

]z B OB, B A AL, B LA A -5 i A A5
Hefiph 2T,

W 5 1, ) P ] P9 S AR A o] i B B8 B0 IR
Zhe 1 hE T EAE T RIHE TR R 5 Ao
A TR e T e T L0 AR
- T AIPRZLAEY - T a5 1 M 28, 4L
FEAF — T APGLLAET - 1T 2 Ao EE AR 2.
VLR 7 ik 2 e (PHZ0AEH - 1T ApH 2L 48
- 1) B RS2 25 56 2R B RS i e K,
ARG I LLAETR -5 A RIS 5 TR — R S e
CULIPEL 9 ), i oA Sy ) 2k Wl L S 5 S 3 T 1 It 2
R P o 247 R DA DAL IR A B2 5 AR e P2,
Ty Vi AT G 127,

25 L AN ST o R e M AT R A A S
SRS S YU R TR R B T A A, UM RERS SN &
B L5 3 DX HE 06 A I A i B R 2 5
PE— A58 T HAM A5 A DA Py i 2
filh, S A R TS L B R B AL T S K
ABEFEAAAE—E /Y R BRE, W HPLC $8 40 g h g A
ML S AR Tt — R ST, 5 107
TERETEARAT T MELUHINE 7B 5 1M PRI BEm 2 |
TSR Z IR S IR B B A T LA AN O BT AL AL
28 BRI AR, AT TE A it — 2L

CRCAR R R
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Fig.9 Structural diagram of crocin | and crocin ||
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