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Study on organic acids in Ginkgo biloba extracts based on multivariate statistical
analysis
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Abstract: Objective A method for simultaneous determination of nine active organic acids [shikimic acid, catechinic, (—)-
epicatechin, gallic acid, protocatechuic acid, 6-hydroxykynurenic acid (6HKA), p-hydroxybenzoic acid (PHBA), hydroxycinnamic
acid, and caffeic acid] in Ginkgo biloba extracts (GBEs) by HPLC wavelength switching method was established, and its quality was
evaluated by statistical analysis. Methods An Inertsil ODS-3 Cis column (250 mm X4.6 mm, 5 pm) was used with a column
temperature of 40 ‘C and a mobile phase gradient of acetonitrile-0.4% phosphoric acid. The detection wavelengths were 220 nm
[shikimic acid, catechinic, (—)-epicatechin], 254 nm (gallic acid, protocatechuic acid, 6HKA, PHBA), 310 nm (hydroxycinnamic
acid, caffeic acid), respectively. Results Remarkable differences were found among the nine compositions in different producing
areas samples. The samples from different manufacturers showed significant difference in organic acid compounds. There were great
difference of the contents of organic acid in various batches from different manufacturers. The data were processed through
unsupervised principal component analysis (PCA), cluster analysis (CA), correlation, and regression analysis to compare the quality
differences. Catechinic, gallic acid, protocatechuic acid, and 6HKA were recognized as characteristic chemical markers that

contributed most to reflect the difference between samples, and there were internal relations among these compounds. Conclusion
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The established method was simple, accurate, and reliable with good precision, repeatability and stability, which can be used for the

simultaneous determination of nine organic acid compounds. Through multivariate statistical analysis, the Q-markers that may affect

the difference of GBEs were better identified, which can lay the foundation for the comprehensive quality control of GBEs.

Meanwhile, the extracting process of GBEs were not uniform. The stability of process parameter in the enterprise was prepared to be

further enhanced.

Key words: Ginkgo biloba extracts; organic acid; multivariate statistical analysis; catechinic; gallic acid; protocatechuic acid;

6-hydroxykynurenic acid; shikimic acid; (—)-epicatechin; p-hydroxybenzoic acid; hydroxycinnamic acid; caffeic acid
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Table 1 Regressive equations, linear ranges of investigated components, and correlation coefficients

L%y EYEppE P LRV /g Killf/mg  EEMR/ng

FEHR Y=1704556.818 1 X—36683.5850  0.9998  0.388 1~3.8806 58.80 194.05
FKILKER Y=3260 062.342 6 X—2 599.681 2 0.9995  0.007 1~0.070 6 1.08 3.55
LKL Y=3 503 807.578 9 X—17 348.998 3 1.0000  0.1333~1.3325 20.20 66.65
BETFR Y=11879 339.898 6 X+1 747.410 8 0.9995  0.0264~0.263 6 4.00 13.20
6-F2 LR IR W KR Y=9757 657.678 0 X—5 856.568 8 1.0000  0.0129~0.128 8 1.95 6.45
X2 FE R F R Y=5 654 194.725 8 X—8 085.790 3 0.9997  0.0129~0.129 4 1.95 6.45
ILRE Y=5907 863.392 9 X—4 596.427 9 0.9993  0.016 9~0.084 7 2.56 8.45
POEZER YAV Y=71713 770.786 0 X—3 692.674 5 0.9994  0.006 6~0.033 2 1.00 3.30
Wi R Y=4311825.444 8 X+1209.223 2 0.9999  0.003 4~0.016 7 0.52 1.70
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Fig.2 Total contents of organic acids in GBE
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Fig. 4 Hierarchical cluster analysis for 47 batches of GBE
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Table 2 Characteristic value and variance contribution rate

ERsr AL ; ﬁéﬁﬁk};/%
WAL {E 2M
1 6.722 74.689 74.689
2 0.987 10.964 85.653
3 0.592 6.576 92.228
4 0.310 3.449 95.677
5 0.160 1.781 97.458
6 0.117 1.300 98.758
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Fig. 5 PCA/Scores plot based on global chemical profiling
of GBE

N DR I TR R Ry, JE
BT T R Ay, SR ILR 3. R 3 &
Ji ZE R IE AT % Ja (VA 7 28mr R, ) DL a4
KBRS WRFTUES], 5 1 AERT B
JLZRER S WR TR JFILRIR S 6-F8 3 R PRI IR
AR AT R ZXHERT 0.9), ATIIX 4 4
WEYRE K GBE i % R HIRFE 7)o
2.6.4 AHRVESHT Wl ER T, Tk AR
GBE F¥ i 8] i & 22 7 URFAE S 7y o 3E— 2B i 541
HUBR R DB bR 73 18] AR S, PR R AR AR i b Y
WEEIR R, s fESR B i T3P 1015 B AR AL
RS RN 4. ATHILEER. BETR.
JFL ) LA R e 6-F22 5 R PR WA R R AH L 2 1) 5t 25 1E A
Ky RY 4 MEEMBAETIIBR .

2.6.5 [IADHT X EIRAHSCOC R W ISR bRy

EEMATIRIAS T, B ELR AT, riras

RUPJLFEER . WE TR, JFLHIR M 6-FaFE R R

WRR 4 DR 2 IR R AT B ek R, RO R

B LIRS, HRABIART 0.8, BItiEH—

AR E SRR (P LR ED wlaefURHAh
®3 ERTRENETRER

Table 3 Component matrix

. EN%

o ! 2 A
IR 0.851 0.047 0.898
ILFFHE 0.966  —0.122 0.844
FKILHER -0.738 0.596  —0.142
WEFR 0.975 0.015 0.990
LA 0.943  -0.017 0.926
6-F2 J R SR W IR 0.938  —0.096 0.842
X ¥R AR R 0.855 0.301 1.156
X} $2 5 PO RE R 0.817  —0.117 0.700
R 0.634 0.708 1.342




3684 * ¢ $# Chinese Traditional and Herbal Drugs 3£ 51 % 2 143 202057 A
# 4 GBE HSRHEXMER
Table 4 Canonical correlation analysis of GBE
P AHIAE

FEERR LATER RILAER BE TR RIS 6- B RIREMER SR RH R RS RER iR
IR 1.0000 0.8327 -0.6305 0.7710 0.7043 0.687 2 0.608 6 0.754 4 0.6349
ILHR 1.0000 —0.7673 0.9485 0.9214 09177 0.752 6 0.756 8 0.526 4
RILHKER 1.0000 —0.6885 —0.658 6 -0.716 8 -0.429 0 —-0.6552  —0.1280
BETER 1.0000 0.9713 0.933 2 0.842 1 0.7358 0.607 7
SR LR 1.000 0 0.940 3 0.830 3 0.664 9 0.5324
6-F2 3 R R W IR 1.000 0 0.836 3 0.6779 0.478 7
POpZE- S Ty 1.000 0 0.6383 0.667 9
X Fa Ik IR 1.000 0 0.456 1
DM 1.000 0
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Fig. 6 Linear trends and equations of compounds
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