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Multiple wavelength HPLC fingerprint and chemical pattern recognition
of Gardeniae Fructus
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Abstract: Objective To establish a method of multiple wavelength HPLC fingerprint and chemical pattern recognition of Gardeniae
Fructus. Methods The chromatographic separation was performed on a C;g column (4.6 mm x 250 mm, 5 um). The mobile phase was
a mixture of acetonitrile-0.1% phosphoric acid aqueous solution in gradient elution. The flow rate was 0.8 mL/min, the detection
wavelengths were 238, 330, and 440 nm, the injection volume was 10 pL, and the column temperature was 30 C. Then, the data from
HPLC fingerprint were analyzed by similarity evaluation, principle component analysis, and system cluster analysis. Results The
HPLC fingerprint of 67 batches of Gardeniae Fructus from different habitats and varieties were set up and 16 common peaks were
obtained. The RSD of the relative retention time of the common peaks was below 1%. The RSD of the relative peak area was relative
bigger. Conclusion The combination of clustering analysis and principle component analysis could be used for the quality control and
provide the theoretical support for the further regionalization of Gardeniae Fructus all over China.
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Table 1 Sample sources

' SR i KMt A

1 VL7948 JUTE T OB L ey 5 35 WA BTG 2 B i BB e B
2 MANIE=WIRANI Ry IR = SV b e o) 36 WA NIBH TS TITEUR IR B A

3 TLVE 5 2 0p+ B S R SR HE et 37 WM T 2 B LR BRI

4 TV & 2R+ B SR EH R S 38 IR AN T ZERE DX R 52 EF AL PEAY
5 YLVU B AR T I VT AR 2 A 39 IBAEE A X T XS SR A B AR KR

6 YLVUA B A AR T SO 2 A 40 IHIEEA 1l PH BB R R A

7 YLVGE B 1T R 30 T PR I B R FE A 41 IR R B R R

8 YLVGA R ST B R A 22 A 42 WA AR B AT A R

9 TG PRI 117 SR EL XU BT A 43 HIEE AR B T R DR A

10 TEPE A PRI 17 iR HL A5 15 44 IR R E AT B X P 2 iR A A
11 YLV PN 43R B U ST A 45 HIEER R B EHEUIARA

12 TR TR TR S T SIS B A 46 AL BB IR BE XK 22 SR AT

13 FE A T A T AR ST 7KK 47 R KT IR B K WA
14 A s N 48 b4 2 B BEAR A 20 5K

15 WA TEN BN R 49 Wb 2K 22 X T T MR R
16 R E = 50 b4 W ELE A A A AR

17 DY 148 VLT % rp B ST A e B e i A A

18 VU114 %8 BH T T IX 52 AR S BV EUK DR A K 4L
19 PUNIAE T e NI A 53 WHEE KB LR iR B AMSUS ISR
20 DU 1145 46 B T AL AR 54 SEONAE AT B R

21 P IE TR S 55 WL AKGE

22 WhEERm R 56 fEEAHEIMN

23 VY148 3k T s B 57 WAL SEES GERD

24 PR T DU SRR A A 58  MMEAEMESEKS (T

25 JVuE TR s B 59 A E L EE KR

26 7P RS T AL 60  LEIHHMHEE RS

27 IiE T E TR 61  SiINE DT

28 ]V ARG By PR 4 62 BRIGHNFTES B

29 IR S A TR B R B 63 TEHFEW

30 WA N T G B PR A 64  WREHEH

31 WA MNP FH B BB 1L 65 D%

32 W LA WM T SOR R S 66 ] PHETHE

33 WA KT ST BER 2 = A1 67  TLPGHELYE

34 WL e T 2 B %
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B 25 mL =, N 75% P RER ZIE, $25], 40.45
um FEFLIE N g R4S
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1.3

S HIE T 50 mL kD

s, HiEE 75% T BRI E R 22,
43 A A e TR 10.176 pg/mL. 52T 1-B-D
JUHH —BEFF 201.292 pg/mL. 4EJ5ES 4.443 6 pg/mL.
BE 7+ 311.61 ug/mL- PGLIAEF-1175.276 4 ug/mL-
PULIAETR-I 17.371 2 pg/mL IR RS &, 4
0.45 pm AL IEMEIE L A5 o
23 @iExRH

Durashell Cjg (250 mm X 4.6 mm, 5 pm) 4
¥ WshMl: OB (A) -0.1%EMe/K (B); BREEVE
Bt: 0~18 min, 8%~15%A; 18~25min, 15%~
23% A; 25~40 min, 23%~35% A; 40~50 min,
35%~50% A; Fli K 238, 330, 440 nm; FEi
30 ‘C; HARBE 0.8 mL/min; #EFfHE: 10 pL.
24 FHEFEE
2401 ZRPEXRFELE N “2.27 TR RA N i
W I 75% H ERRE 2. 4. 8. 16, 32, 64
W, 4% “2.37 WUN WAL, S 10 pL,
DIEFE S 10 uL iR O T (pg) AREARER, B
FERTIN DA B s B AR, ZeifilbnE 2k,
SR 2,
2.4.2  REEPERES  DURORE 2 5 IR G0 BRI

T2 ZKMXFR

Table 2 Linear relationship

Xof L A N r MR /g
HBFH IR Y=1610765X—95 0.999 9 0.101 76~0.001 59
BB 1-B-D JEJH Bl Y=1144290 X—1 123 0.999 9 2.01292~0.031 45
SRR Y=4025 629 X+744 0.999 7 0.044 44~0.000 69
Ba 71 Y=1859 824 X+117 0.999 9 3.116 10~0.048 68
PELAEF T Y=7 633 873 X+10 739 0.999 9 1.752 76~0.027 38
[LEARERESI| Y=8 706 055 X—576 0.999 9 0.173 71~0.002 71

10 puL, #% “2.3”7 Witauise b, SELdhF: 5 %,
MHEWET AR . MEF1F. PHLLfety-1. Peifets-IL.
SRR U F 1-B-D JellH Wt e iR
AR RSD 73514 0.55%. 0.50%- 0.41%- 0.48%.
0.49%- 0.54%, FWIUAHREZ R R AT

243 FEtEils  WORORE 2 A5 IO
ST RER IS 04 2. 4. 8. 120 24 h HEFE
10 uL, WA, HaET1F. PHLfeTr-1. W4 it
-1, 25 . 50U 1-B-D JEiH —BitF. e
SEAFER I RSD 7034 1.21% 1.33%. 0.97%-
1.74% 1.51%- 1.82%, FHMRMBERAE 24 h
W FRE

244 EEMERE WR—4M, & “2.17 TUPAT
AEEE S By, [FNE AR A, DA, 45
BE T PHLAetr-1. PHLfetr-1I. SRIRIR. e
P 1-B-D H ZBEE L 5 RRUETHIFA Y RSD 43
WA 1.36%- 1.89%. 0.59%-. 1.30%. 0.77%- 1.43%,
R WL E ST M R AT
3 “BR5%H
3.1 HBIER 6 Fhxf B RIEHIRE

BN TRE S “2.17 Tih bt v, %
“2.37 Tl AR ERE AT, BRI HPLC
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S IR A R AR B, €237 T 4t
HEFE 10 uL, S 6 A0S I (470 2 JL DAD
RIS AN B, A0 RE i ] ot LA T 4R,
BN T 6 MRy, o 2 SRR TPAFIR, 6
VA5 JE - 1-B-D JEIH 1Y, 7 SN LRIATR, 8
SUEANE T, 12 SN PRLLIET-T, 13 SR
AR | YR

238 nm

12

~ e —— S
725 1449 21.74 28.99  36.23 43.48 50.72
t/ min

2B FHIR  6- e 1-B-D M —HEY 7SR 8-HE T H
12-PHLLAEH-T  13-PHALAET-11

S1~867-1~67 SHf  RIVATRGUE %

2-geniposidic acid  6-genipin-1-B-D-gentiobioside 7-chlorogenic acid
8-gardenoside 12-crocin-I  13-crocin-IT

S1—S67-1—67 samples R-common HPLC fingerprint

1 o7 HtieF s EE
Fig.1 HPLC fingerprint of 67 batches

of Gardeniae Fructus samples
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FIFH E K MR oy “ 25 i fa SUEHE A,
[EVEIT R4 (2004A)” WE S1 A S MIRLGUEIE,
I 1R) 2 56 B0 0.1, BIYIHET 5 min WG, RHZ
ML IEJEHET F BIULHL, 752 67 #EAE T 29 M 7E 238
330, 440 nm LA FRGENE R (B 1) FFREE]
T AFALE 45 R o AR R A1 45 SN 67 HERE &
16 N EEATIE, CREFI Y RSD ¥ <1%. [F]— ik
ST RSD LUK, %4 il 238,330,440 nm
L 1 FE OGS T oF L 1] 3% ) ARABAJE 2 > 89%, Hirdl 32 A
B 28 AL 2% 1o AL B AR, (RS- IR 2544
FHIF RO 28 SR, AT LS AP AE K I 2 7
UL Sy 2 Wb s AT 24 A 1) N A o o 75 Sk —
AT T
33 BELM

FIHH SPSS 19.0 £t Ak £F, K 67 HEFE S
16 N ILAT W AR EE AT Z prdEfl s, XE I 4100)
e (Between-groups linkage) 2757k, SRINEK
K (Euclidean distance) JEEFriE, HHFER
PAHATERE RS, SRIRLE R 2, MEREEIL R ]
¥ 67 HFFMEREN 328, FEM 1L 24 3. 4. 5. 64
7. 8. 10, 11. 14. 16. 17. 25. 26. 27. 28. 32.
34, 35. 36. 37. 38. 39. 40. 41. 42, 43. 44,
47. 48. 49. 50. 51. 52. 53. 54. 55. 56. 57.
5859, 62, 67 A3, ¥l 18, 19, 20, 21, 22,
23, 24, 29, 45, 46. 60. 61. 63. 64. 65, 66N
—2%, FENh 9. 124 130 15, 30. 31. 33 k3%,
PRI LR 2 A (E AT 2 AT 2 i AL
RPVEPE. PUNS )G IR Wb 2RO b i
R, AP R .
34 PCA

PCA tWRRE b, EAER TR B A 15
SR BERT 1 e 4 2 ) v (R AR S B AR A 1 2
BOy A, AEEEA R A, PR YRR, Sk
BOUA R UG AR S R PE AL A 10 sy (L RREAR
i), DRI aRit, s ER, ogr
2 N TR 2 I R A 2T, AR ses
¥ 67 #HAF A 16 AT IR RIS A SPSS 19.0 %K
i, BT PCA. WHHE 7AWl (AR Z brififb ik B
Jeis BT TAHKRBOERE . 7 2200 R 32 oy $E I o)
WT AT GG DR 72 A AR B OB, F O 2500 2 R4y
PR R, T 3 AN ERORIEE R T 1,
P 3 AN ERSr, H 3 AN 1 SR BT 2 DTER A
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Fig. 2 Cluster analysis of Gardeniae Fructus 69

KT 85.6%, FTLABEEL 3 A>3 e /2 LAV HE T
(1 it 00 o K53 B PR AIE 1) 155 b AR S 1) B0 A 3Fe
P32 RO RIE, FELAREAS 3258000 s B RRFAIE
B A7 B A3 S IR A AR A A A B A
BT FRAGEA Y, M RO SR AR 67
HERE IR G E RO, HFIR LG T o EIT R
GRR, A ERMERRGERNIE 3. WERKHE
SERLTKG 67 HERESIZE N 325, FEM 1L 24 3. 4. 5,
6. 7. 8. 10, 16. 17. 18, 19, 20. 21. 22. 23.
28, 29, 32. 34. 35. 37. 40. 41. 42. 43, 44.

45, 46. 47. 48. 49. 50, 51. 52. 53. 55. 57.

58. 59. 60. 61, 62. 64 Jy—, FEfh 124 13, 14,
24, 25. 26. 27. 30, 31. 33. 36. 38. 39. 54,

El3 REEMSERESNE

Fig.3 Cluster analysis of principal component values

56, 63, 65, 66 2K, FEEh 9. 11, 15, 67 A —
Ko WHLEE EoHE I, A7 2 K012 i
Bt BIVLPG. DY) J708. Wit e, Wb,
LU 1 A B, HAR T o iR O
BE 1 TG 1 (1) 32 a3 73 e &6 R 5 JR 2R 48 BLR AL,
A B N ZE 5
4 g
4.1 R KRR RE

M ELFE BIAE - FR 2B E A 5T SCmk nT LU IR, K
Z KM 254 nm SCE HAD P — KA I HE s 1
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23 IO 2 R P — o U R T g/ A B R AT 0
HADGEDL, ST RS E AL I A
oI M S e 7 2 M I R 2R, it eie&
MU H X HE F b AT VPN o AE 1 32 B IR Tk
B BRI, WA ERANAY, AL
A4 H DAD Kl # 5HRF i 24T 190~500 nm 423
K3, ISP R ARSI T T e, 51
RIN 3 FAE ) ) B HE A M 43 )2t 238 330,
440 nm, TR IR AEYOE T — o 5L
Fabn M LEOWVE b 2 i, SRR IR — K
HEATRSI, W] BRI Ve AR A R % AR Bk B, P
DLASSZEG 6 HE 238, 330, 440 nm MEMIMK, &%
Ay B LA, ARV H B G RAE, 3 Pk
B K AT REHR I T (A 20 2015 J8 LA BUAE 14 2 i
Iy LRI A
42 UEBEAERITE

FCBARBLRE VRO SRS i Fl PCA T2 R I
SERATERAN . iR RE R TP ARG A2
WAy BAME R, TEAT TP 2R SO TN,
FANTLMZ SHFIE, TTReS IR IE A e 4
SHEUEREKR, FEETRA T MR EALR
G S = E W SR EL PN v ol LA TR AN S
PEBE A, TR AT A PCA it 78 0 AR S S 3
fill AT URE . S35k, SRR PCA 145 Al
FrAE 25 58, JR T B E PCA I ISR T 45 HE
KF LRI 3ATERS, BRI AT MR T %
TR =85.6%, (HA AW IRFIEE /N T 1 RS>
ISR RT R R A LA DTk, PR b2 IR K 4
R 2 B A3 53 BT 45 AT 2 S O I O

MHEF-Fi5 S0 i A AR, B2 45 ST LU Y, &R
238, 330. 440 nm [ R AH T T 00 PO (0 AR ABLRE
%1>89%, HRIIrHT PCA 4550 H0Ks 67 b4t

AR 3 2K, Bt R WIAE 1 25 44 A 2% B oy 41 A
BOARAL, (HA AR AT AR 2257, R AN
HEU 2504 A0 2 RN [ — B 73 AN R 3k 2 2 T A7 A
ZESE, MBI AT RERE AN [ 3 DX 3 L s K
T AT AT DL 2R (RS S 24 RS
AR P 2R (0 T A S I . SRS IR
5 2 BRIR R it (A7 080T TR AT ED . 2K
RE VIS, RGN A2 U LA, B
FE P A DRI SCBE PTAE 5 [ N AS S a2
KB AR P HLHE TAF S TS RE A 0 TR 2R X
VEWINE 7290 BAT e R shad . 28 BPTIA,
I M E PCA HIZ: & PP b 1 17 SCR I 1) 22
FESARNE, ANDCRTELEATHE 1 2541 i 42 ol
T LU TR — e 4 AR DX R W A R it B i
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