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Abstract: Objective To establish the UPLC fingerprint of Gardenia jasminoides , so as to compare the difference between
G. jasminoides and its processed products. Methods Ten batches of G. jasminoides from two different regions were collected
and processed by different methods. The separation was operated on Waters Acquity UPLC BEH C1s chromatographic column
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(100 mm =<2.1 mm, 1.7 um). G. jasminoides and its processed products were prepared by ultrasonic extraction with methanol.
Acetonitrile and 0.2% phosphoric acid water were used as mobile phases for gradient elution, with injection volume of 1 uL,
column temperature of 30 C, flow rate of 0.2 mL/min, detection wavelength of 239 nm and 440 nm. The UPLC fingerprint
library was established. The UPLC fingerprints of G. jasminoides were analyzed by using total statistical moment similarity,
grey correlation, TOPSIS and principal component analysis (PCA). Results There were 20 characteristic peaks in the UPLC
fingerprint of G. jasminoides and its processed products, of which four were identified as geniposide, genipin gentianoside,
crocin | and crocin Il. The content of geniposide, crocin | and crocin Il was reduced in G. jasminoides processed products
(Jiaozhizi, Gardeniae Fructus Praeparatus) from two regions. The content of genipin gentianoside was increased in a certain
in G. jasminoides processed products from Xiangxiang in Hunan. Conclusion Twenty characteristic UPLC fingerprints of
different processed products of G. jasminoides were established. The fingerprints of different processed products of G.
jasminoides have certain differences in peak area and content,. which provide theoretical and experimental basis for the
quality control and evaluation of different processed products of G. jasminoides.

Key words: Gardenia jasminoides Ellis; processing; total statistical moment; grey correlation degree; TOPSIS; principal component

analysis; geniposide; genipin gentianoside; crocin I; crocin Il
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Fig. 1 UPLC fingerprint of G. jasminoides and its processed products at 239 nm
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Fig. 2 UPLC fingerprint of G. jasminoides and its processed products at 440 nm
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Fig. 2 UPLC fingerprint of mixed reference at 239 nm and 440 nm
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Table 2 Total statistical moment parameters of UPLC fingerprints of raw and fried G. jasminoides and Gardeniae Fructus

GitiESH

239 nm
440 nm

Praeparatus
iy EHET JOHE T Wa T m®
AUCT Ar/min c2r/min? AUCT Ar/min c41/min? AUCT Ar/min o%r/min?
1 1.31X107 6.908 5.284 8.13X 108 6.951 5.037 5.19 X 108 6.707 6.015
2 9.09 X 108 6.961 5.136 9.80x 108 6.970 4,989 5.58 X 108 6.849 5.828
3 8.18 X 108 6.953 5.225 1.03 <107 7.056 5.141 7.26 X108 6.843 5.865
4 8.80 X 108 7.053 5.144 1.07 X107 7.085 4.583 6.74 X108 6.801 5.879
5 7.06 < 108 7.010 5.190 9.48 X 108 6.908 5.245 7.74 %108 6.927 5.976
6 7.08 X 108 6.839 4,005 7.69 X108 6.824 3.965 8.91x 108 6.909 4.670
7 7.00 X 108 6.848 3.978 7.74 X108 6.840 3.989 7.40 X108 6.878 4,951
8 6.84 <108 6.895 4,047 7.49 %108 6.843 4.014 6.88 X 108 6.824 4,931
9 8.14 X 108 6.841 4,185 1.19X107 6.815 4170 5.75X 108 6.684 4,965
10 7.15 X108 6.859 4,091 1.11 X107 6.859 3.972 8.19 X 108 6.861 4,915
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Y=3X10" X+150 225, R?2=0.999 4; PHZLILF Il
LR PR 5 FE A Y =6 107 X—81328, R2=0.999 1.
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PO VE, % “2.37 (i ESEFE 6 I, i
SRUETA . 25 R BN, JETH . 5Je P XU |

PULLIEH T, VUL fEF & AR RSD ¥/NT 5%,
25.3 FaEtEiRng  HU “2.2.27 TR 7 VEATHIE R
B E, Al TEETRE 0. 24 4. 8. 12,
24 h yENIEAR AL, % “2.37 TUEAENE,
WETAR . SRR, HETH. B FRE RS
PUZLAEH T, VLA F AR AR RSD ¥/ T 5%,
254 BEEMWIRE B 2227 TN kATHIE
FOEER SRR, % “2.37 T S IESE R 6
W, nsRVEEAA . SR SR, lETH. ZE Pk
FSUHE . PHLLAEHL. AL RSD
$1/NT 5%

255 fIAEEICRIAL: R REOE T e P
TR . PTHZLAE L. PHZLAEH I R dE =,
o B A1) RS 29K 4y A 0.94 0.5, 0.1, 0.2
mg/mL (1) 5 — X BRI . R B R EUAE A TR oK
0.1g, &#i 1 0.059, 3£ 94y, 2 B4 5%E 1) 80%.
100%- 120%_F iR 7% B — X B s, $% “2.2.2”
T J7 k) g e s, PR “2.37 Tl
PEEREE, 2SI AR FE TR RIS 2 . 4521
TR, METE. B R ERNEE . PR
P8 Z0 A6 FF ISP 38 I R0 2 43 03 24 100.36%
100.32%. 101.28%. 101.08%, RSD %35y 1.06%.
0.66%. 1.85%. 1.29%.
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Table 3 Statistical moment similarity of 10 batches of G. jasminoides and its processed products

i

FHABLE

Z1

Z2

Z3

Z4

Z5

Z6

y44

Z8

Z9

Z10

C1

c2

C3

C4

C5

Z1
Z2
Z3
Z4
Z5
Z6
zi

1.000
0.989
0.992
0.974
0.982
0.987
0.983
0.973
0.955
0.998
0.956
0.975
0.973
0.970
0.970
0.932
0.931
0.936
0.943
0.938
0.929
0.931
0.933
0.941
0.931
0.970
0.984
0.979
0.959
0.981

0.989
1.000
0.996
0.984
0.991
0.995
0.993
0.983
0.966
0.990
0.945
0.965
0.963
0.959
0.963
0.937
0.936
0.941
0.947
0.943
0.934
0.936
0.937
0.944
0.936
0.976
0.983
0.974
0.950
0.980

0.992
0.996
1.000
0.982
0.990
0.991
0.989
0.982
0.962
0.992
0.949
0.969
0.968
0.963
0.967
0.933
0.932
0.938
0.943
0.939
0.930
0.932
0.934
0.941
0.932
0.972
0.982
0.974
0.951
0.979

0.974
0.984
0.982
1.000
0.992
0.981
0.984
0.999
0.972
0.974
0.934
0.956
0.955
0.949
0.959
0.930
0.929
0.937
0.939
0.936
0.927
0.929
0.931
0.936
0.930
0.967
0.968
0.958
0.934
0.965

0.982
0.991
0.990
0.992
1.000
0.988
0.989
0.992
0.968
0.982
0.941
0.963
0.961
0.956
0.964
0.932
0.931
0.937
0.941
0.938
0.928
0.931
0.932
0.938
0.931
0.970
0.975
0.966
0.942
0.971

0.987
0.995
0.991
0.981
0.988
1.000
0.996
0.981
0.968
0.988
0.943
0.962
0.960
0.956
0.959
0.942
0.941
0.946
0.952
0.948
0.939
0.941
0.942
0.949
0.941
0.981
0.987
0.977
0.952
0.983

0.983
0.993
0.989
0.984
0.989
0.996
1.000
0.984
0.972
0.984
0.939
0.958
0.957
0.953
0.956
0.943
0.942
0.948
0.953
0.949
0.939
0.942
0.944
0.950
0.942
0.981
0.983
0.974
0.949
0.980

0.973
0.983
0.982
0.999
0.992
0.981
0.984
1.000
0.972
0.974
0.933
0.956
0.954
0.948
0.959
0.930
0.929
0.937
0.939
0.936
0.926
0.929
0.931
0.936
0.930
0.967
0.967
0.958
0.934
0.964

0.955
0.966
0.962
0.972
0.968
0.968
0.972
0.972
1.000
0.957
0.912
0.931
0.930
0.925
0.932
0.945
0.946
0.955
0.950
0.951
0.942
0.945
0.946
0.945
0.947
0.967
0.959
0.950
0.925
0.957

0.998
0.990
0.992
0.974
0.982
0.988
0.984
0.974
0.957
1.000
0.955
0.973
0.971
0.968
0.968
0.934
0.933
0.937
0.944
0.939
0.931
0.933
0.935
0.943
0.932
0.972
0.985
0.980
0.959
0.983

0.956
0.945
0.949
0.934
0.941
0.943
0.939
0.933
0.912
0.955
1.000
0.976
0.977
0.984
0.964
0.900
0.898
0.900
0.910
0.904
0.898
0.899
0.900
0.910
0.897
0.932
0.946
0.949
0.954
0.946

0.975
0.965
0.969
0.956
0.963
0.962
0.958
0.956
0.931
0.973
0.976
1.000
0.998
0.992
0.986
0.909
0.908
0.912
0.920
0.915
0.907
0.909
0.910
0.919
0.907
0.946
0.960
0.959
0.954
0.959

0.973
0.963
0.968
0.955
0.961
0.960
0.957
0.954
0.930
0.971
0.977
0.998
1.000
0.993
0.986
0.908
0.906
0.910
0.919
0.913
0.906
0.907
0.909
0.918
0.906
0.944
0.959
0.958
0.953
0.957

0.970
0.959
0.963
0.949
0.956
0.956
0.953
0.948
0.925
0.968
0.984
0.992
0.993
1.000
0.979
0.907
0.906
0.909
0.918
0.912
0.905
0.906
0.908
0.917
0.905
0.942
0.957
0.957
0.956
0.956

0.970
0.963
0.967
0.959
0.964
0.959
0.956
0.959
0.932
0.968
0.964
0.986
0.986
0.979
1.000
0.902
0.901
0.906
0.913
0.908
0.900
0.902
0.903
0.911
0.901
0.940
0.954
0.951
0.942
0.952

HHLE

C6

Cc7

C8

C9

C10

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

T9
T10

0.932
0.937
0.933
0.930
0.932
0.942
0.943
0.930
0.945
0.934
0.900
0.909
0.908
0.907
0.902
1.000
0.998
0.989
0.989
0.994
0.996
0.999
0.999
0.989
0.996
0.961
0.948
0.950
0.942
0.950

0.931
0.936
0.932
0.929
0.931
0.941
0.942
0.929
0.946
0.933
0.898
0.908
0.906
0.906
0.901
0.998
1.000
0.990
0.988
0.993
0.995
0.998
0.998
0.987
0.998
0.960
0.947
0.948
0.940
0.949

0.936
0.941
0.938
0.937
0.937
0.946
0.948
0.937
0.955
0.937
0.900
0.912
0.910
0.909
0.906
0.989
0.990
1.000
0.987
0.993
0.985
0.989
0.990
0.983
0.992
0.965
0.951
0.951
0.939
0.953

0.943
0.947
0.943
0.939
0.941
0.952
0.953
0.939
0.950
0.944
0.910
0.920
0.919
0.918
0.913
0.989
0.988
0.987
1.000
0.994
0.987
0.988
0.990
0.995
0.987
0.971
0.959
0.960
0.951
0.961

0.938
0.943
0.939
0.936
0.938
0.948
0.949
0.936
0.951
0.939
0.904
0.915
0.913
0.912
0.908
0.994
0.993
0.993
0.994
1.000
0.990
0.993
0.995
0.991
0.993
0.967
0.954
0.955
0.945
0.956

0.929
0.934
0.930
0.927
0.928
0.939
0.939
0.926
0.942
0.931
0.898
0.907
0.906
0.905
0.900
0.996
0.995
0.985
0.987
0.990
1.000
0.997
0.995
0.988
0.993
0.958
0.946
0.947
0.941
0.948

0.931
0.936
0.932
0.929
0.931
0.941
0.942
0.929
0.945
0.933
0.899
0.909
0.907
0.906
0.902
0.999
0.998
0.989
0.988
0.993
0.997
1.000
0.998
0.988
0.996
0.960
0.947
0.949
0.941
0.949

0.933
0.937
0.934
0.931
0.932
0.942
0.944
0.931
0.946
0.935
0.900
0.910
0.909
0.908
0.903
0.999
0.998
0.990
0.990
0.995
0.995
0.998
1.000
0.990
0.996
0.962
0.949
0.950
0.942
0.951

0.941
0.944
0.941
0.936
0.938
0.949
0.950
0.936
0.945
0.943
0.910
0.919
0.918
0.917
0.911
0.989
0.987
0.983
0.995
0.991
0.988
0.988
0.990
1.000
0.986
0.968
0.957
0.959
0.953
0.960

0.931
0.936
0.932
0.930
0.931
0.941
0.942
0.930
0.947
0.932
0.897
0.907
0.906
0.905
0.901
0.996
0.998
0.992
0.987
0.993
0.993
0.996
0.996
0.986
1.000
0.960
0.947
0.947
0.939
0.948

0.970
0.976
0.972
0.967
0.970
0.981
0.981
0.967
0.967
0.972
0.932
0.946
0.944
0.942
0.940
0.961
0.960
0.965
0.971
0.967
0.958
0.960
0.962
0.968
0.960
1.000
0.985
0.981
0.957
0.985

0.984
0.983
0.982
0.968
0.975
0.987
0.983
0.967
0.959
0.985
0.946
0.960
0.959
0.957
0.954
0.948
0.947
0.951
0.959
0.954
0.946
0.947
0.949
0.957
0.947
0.985
1.000
0.990
0.965
0.997

0.979
0.974
0.974
0.958
0.966
0.977
0.974
0.958
0.950
0.980
0.949
0.959
0.958
0.957
0.951
0.950
0.948
0.951
0.960
0.955
0.947
0.949
0.950
0.959
0.947
0.981
0.990
1.000
0.975
0.993

0.959
0.950
0.951
0.934
0.942
0.952
0.949
0.934
0.925
0.959
0.954
0.954
0.953
0.956
0.942
0.942
0.940
0.939
0.951
0.945
0.941
0.941
0.942
0.953
0.939
0.957
0.965
0.975
1.000
0.968

0.981
0.980
0.979
0.965
0.971
0.983
0.980
0.964
0.957
0.983
0.946
0.959
0.957
0.956
0.952
0.950
0.949
0.953
0.961
0.956
0.948
0.949
0.951
0.960
0.948
0.985
0.997
0.993
0.968
1.000
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[ B .(Z: x4 |FE ZEFEEEXEE. AOEHE | ALEH
4 76 C6 g &10 oy WT IEaE
2 Z8 @§7 ¢ L - . .
= Z10Cs oT6 Table 4 Contents of geniposide, genipin gentianoside,
= 5 g z4 C2 oC4 . .
To® T ® crocin | and crocin 11
] o2 2% 0lazs™ &5 23
N o1 %65 7 -~ S %(mg g7t
| FaFH e P IRmXOR Fafets | mafetr i
s 5 2 2 o 2 4 & & ZL 0.6 0.03 0.23 0.06
t[1] Z2 0.53 0.02 0.15 0.03
R2x[1]=0.571 R2x[2]=0.188 Ellipse: Hotelling's T2 (95%) Z3 0.48 0.02 0.14 0.02
Z4 0.50 0.02 0.16 0.02
4 HRFREMFISE PCA BT =E Z5 0.42 0.01 0.12 0.02
; ; . : Z6 0.45 0.02 0.13 0.02
Fig. 4 PCA scatter plot of G. jasminoides and its processed 77 0.45 0.01 0.12 0.02
products Z8 0.43 0.01 0.12 0.02
N TR NN TSN Z9 0.51 0.02 0.13 0.02
SHE A S, R , AR R 710 045 0.01 0.12 0.03
PR TET SURTRBAN, . G100 om 01 005
TEH . PHAAEH N S EEdE WR 4. 2RI C3 058 0.02 0.18 0.02
A EL C4 0.60 0.03 0.18 0.03
B TR T WAAER | SIAGER 0GR G5 o5 20 o’ 0
BAENE T MR T ID, TR 2 HNE T R gg 8-32 8-83 g-ig 8-8?1
J V- RURE 1R 2 52 B A 0 1) A AN R R E 1) c8 0:47 0:02 0:12 0:05
¥, C9 0.72 0.03 0.19 0.02
o ) oo . C10 0.67 0.02 0.20 0.02
26 HEFREMESIGEMKEXEKES TOPSIS & TL  0.38 0.01 0.04 0.01
‘fﬁ’*ﬁ T2 0.38 0.01 0.05 0.01
’ e T3 0.48 0.02 0.07 0.01
B TS HONE T M M UPLC I I AR A T T4 046 0.02 0.05 0.01
TN - = T5 0.48 0.02 0.09 0.01
7’)2@3%%%‘/25 TOPS|S[18'19]E]/‘]%]—</E\)—)£E§J\*E, %%ﬂ T6 0.56 0.02 0.12 0.01
£ 5. 2 DM AENE P EE —E R EE R, X %73 82‘; 88% 883 881
VLI IEK B B R 2 TR 2, Tk e T9 040 0.02 0.05 0.01
PR T B8 TRIOR IR T 1 10054 0.02 010 001
GEIEERER, ILBAKERT 4 M58 5.
SR PRSP AAE T BN TRMEIRIE 3 idip

Te, MEERTSIE T, JETH. HAEE |
SPRLACH 1 S &EA . SAENE T, BIREH
ZHXHE T2 JE At e T R I S B —
SEEIN. 4R 5 TOPSIS R30I RIKE R AE I

W EANLENE T AR T BT R UPLC 4R
SLPE, € DR T H bR B[ 20 NI IO RAIE
TREUE G o L T R AR K B S0 T AR Y
85%LA L, RENETE 70 S WG T 254 1O BAFAE . X

*5 MHRFREMESIM TOPSIS AKX EXBKERE

Table 5 TOPSIS coefficient and grey correlation coefficient of G. jasminoides and its processed products

. TOPSIS %% IRERBE R B
AT JoHEF Ma 7% AT JOHE T HE T 2%
1 0.76 0.23 0.11 0.66 0.43 0.30
2 0.52 0.52 0.09 0.51 0.53 0.32
3 0.27 0.76 0.32 0.44 0.59 0.45
4 0.42 0.69 0.21 0.49 0.62 0.39
5 0.17 0.53 0.37 0.39 0.54 0.43
6 0.19 0.20 0.43 0.38 0.41 0.50
7 0.18 0.22 0.17 0.37 0.41 0.40
8 0.18 0.20 0.13 0.37 0.40 0.36
9 0.34 0.80 0.09 0.45 1.00 0.33
10 0.17 057 0.21 0.37 057 0.44
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