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1. Purpose
Adulteration of ginkgo leaves is well documented in the literature. The partial or complete substitution of
ginkgo extracts with flavonol-rich ingredients, or highly purified flavonoids (e.g., quercetin or rutin) from other
sources (Table 1) was reported as early as 2003, and has been evidenced in over 20 peer-reviewed publica-
tions since.1 This Laboratory Guidance Document (LGD) presents a review of the various analytical methods 
used to differentiate between authentic ginkgo leaf extracts and ingredients containing adulterating materials. 
This document can be used in conjunction with the Ginkgo biloba leaf extract Botanical Adulterants Prevention 
Bulletin published by the ABC-AHP-NCNPR Botanical Adulterants Prevention Program in 20182 and the AHP 
Ginkgo Monograph and Therapeutic Compendium.3 
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2. Scope
Various analytical methods are reviewed herein with 
the specific purpose of identifying their strengths and 
limitations in differentiating ginkgo leaf extracts from 
potentially adulterating materials. Not included in the 
scope of this document is compliance of commer-
cial ginkgo leaf extracts with other quality param-
eters, e.g., the limits for ginkgolic acids specified in 
pharmacopeial monographs.4,5 Analysts can use this 
review to guide their selection of appropriate analyti-
cal authentication techniques. Suggestions in this 
LGD to use a specific analytical method for testing a 
ginkgo extract in a particular matrix does not reduce 
or remove the responsibility of laboratory personnel 
to demonstrate an adequate method performance in 
their own laboratories using accepted protocols. Such 
protocols are outlined in the United States Food and 
Drug Administration’s Good Manufacturing Practices 
(GMPs) rule (21 CFR Part 111) and those published 
by AOAC International, International Organization 
for Standardization (ISO), World Health Organization 
(WHO), International Conference on Harmonisation 
(ICH), and national pharmacopeial bodies, as may 
be applicable, depending on the regulatory require-
ments of the country in which the ginkgo extract is 
being offered for sale, re-sale, and/or processing into 
finished consumer products. 

3. Common and Scientific Names

3.1 Common names for ginkgo: 
English: ginkgo, maidenhair tree6,7 

Chinese: yin xing (银杏)8 
French: ginkgo, arbre aux quarante écus,9 noyer du 
Japon10 

German: Ginkgo, Fächerblattbaum, Mädchenhaar-
baum, Elefantenohrbaum, Tempelbaum10 

Italian: ginkgo, ginko,9 ginco, albero di capelvenere

Russian: Гинкго (ginkgo),9 Гинкго билоба (Ginkgo 
biloba)

Spanish: ginkgo, árbol sagrado, árbol de las Pagodas, 
árbol de los cuarenta escudos9

Swedish: ginkgo, kinesiskt tempelträd9

Turkish: ginkgo, mabet ağacı11

3.2 Latin binomial: Ginkgo biloba L.12

3.3 Synonyms: There are many existing synonyms, 
e.g., Ginkgo macrophylla K.Koch, Salisburia biloba 
(L.) Hoffmanns., or Salisburia macrophylla Reyn.,12 but 
these are no longer used in science or in commerce. 
Additionally, the World Flora Online13 lists a number 
of ginkgo forms and varieties. 

3.4 Botanical family: Ginkgoaceae

4. Botanical Description 
Ginkgo trees are deciduous, pyramidal in shape, with 
a columnar, sparingly branched trunk that grow up to 
30 m (100 feet) tall and 2.5 m (8 feet) in diameter,8,14 
although some authors give the height as up to 40 
m (130 feet).3,15 The bark is gray or grayish-brown, 
deeply furrowed on older trees. The fan-shaped 
leaves have short, spur-like but greatly thickened 
shoots. Leaves are up to 8 cm (~3 in) long and are 
sometimes twice as broad, divided into two lobes by 
a central notch.8,14 Young leaves may have several 
notches.15 The leaf color is gray-green to yellow-green 
in summer, then golden yellow in fall. Female trees 
bear paired ovules, which can develop into yellowish 
plum-like seeds, about 2.5 cm (1 in) long, consisting 
of a large inner nutlike portion surrounded by a foul-
smelling fleshy outer layer. 

5. Adulterants and Confounding Materials 
See Table 1 below. 

Table 1. Plants Used as Sources of Flavonoids to Adulterate Ginkgo Leaf Extracts*

Species16-18 Synonym(s)16-18 Family Common name6 Other common names6,16,17

Fagopyrum 
esculentum 
Moench

F. cereale Raf.
F. emarginatum Moench
F. vulgare T. Nees
Polygonum fagopyrum L.

Polygonaceae Buckwheat Common buckwheat

Styphnolobium 
japonicum (L.) 
Schott  

Sophora japonica L. Mant.
Sophora korolkowii Dieck ex 
Koehne
Sophora sinensis Forrest

Fabaceae Japanese 
sophora

Pagoda tree, Japanese 
pagoda tree, Chinese scholar 
tree

*Note: In addition to flavonol-rich extracts from Japanese sophora and buckwheat, other plant sources rich in quercetin, kaempferol, or isorhamnetin, and their 
glycosides might be used as adulterants, as well as purified or synthesized versions of these constituents.

Ginkgo Ginkgo biloba. Photo ©2022 Steven Foster
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6. Identification and Distinction 
using Macroanatomical 
Characteristics
Botanical descriptions of ginkgo leaves have 
been published in a number of pharmacopeial 
monographs and books.3,19-22 The whole or 
crudely cut leaves are readily distinguished 
from other leaves based on their unique 
morphological characteristics. Features for 
identifying ginkgo leaves in a teabag cut 
are found in Hager’s Handbuch der Phar-
mazeutischen Praxis,22 and are mostly based 
on the analysis of the material under a 
microscope (see section 7). Since macroana-
tomical features are absent from extracts, 
macroscopic identification is not applicable 
to ginkgo extracts. 

7. Identification and Distinction 
using Microanatomical 
Characteristics
Microscopic descriptions of powdered ginkgo 
leaf are found in the pharmacopeias of 
Europe19 and the United States,20 the Ameri-
can Herbal Pharmacopoeia’s monograph on 
ginkgo leaf,3 and other sources.22-25 The wavy 
walled epidermal cells, anisocytic stomata, 
calcium oxalate cluster crystals, marked cuti-
cle, vascular bundles, and reticulate sclereids 
were noted as the main microanatomical 
features of ginkgo leaves.22-24 Due to the lack 
of characteristic tissue fragments, botanical 
microscopy is not suitable to detect adul-
teration of ginkgo leaf extracts, unless the 
adulterant is an undeclared filler such as 
maltodextrin or various starches added to 
dry ginkgo leaf extract, the primary form of 
ginkgo extracts in the market. 

8. Genetic Identification 
Ginkgo biloba is phylogenetically isolated, 
being the sole extant member of the order 
Ginkgoales. As such, the genetic distance to 
the most closely related species is large, and 
therefore it is relatively easy to find unique 
genome sequences that can be used for 
species identification. A study from 2014 used 
a 166 base pair matK mini-barcode to verify 
the presence of ginkgo in 40 herbal dietary 
supplements containing powdered leaf (n 
= 8) or leaf extracts (n = 32). This approach 
succeeded in detecting ginkgo DNA in seven 
of eight ginkgo dietary supplements labeled 
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to contain powdered leaf, and in 26 of 32 leaf extract 
products. Additional PCR experiments led to determi-
nation of the presence of rice, but no ginkgo DNA in 
six leaf extract dietary supplements.26 Amplification 
success was much lower using “regular” DNA barcod-
ing with primers for the ITS2 and psbA-trnH regions, 
with ginkgo DNA found in only two of 20 ginkgo 
dietary supplements (16 extracts, three powdered 
leaf/extract combinations, and one powdered leaf). 
Rice DNA was found in four supplements but rice is 
a common ingredient used in botanical processing.27 
Similar results were found in another study using the 
ITS2 and rbcL genomic regions.28 The results were 
partially explained by the absence of DNA of sufficient 
length, especially in extracts where the processing 
steps are known to impact the DNA quality.27 Failure 
to use species-specific primers, amplification bias, 
and the use of Sanger sequencing, which does not 
distinguish signals from two or more different species, 
may be among the reasons why the results suggested 
presence of rice DNA rather than ginkgo DNA in some 
samples.28 

In order to improve specificity and sensitivity, addi-
tional genetic methods were explored. Using species-
specific primers for ginkgo and Japanese sophora, 
recombinase polymerase amplification (RPA) to amplify 
the target DNA, and a lateral flow dipstick to visualize 
the results, it was possible to detect DNA from Japa-
nese sophora in nine ginkgo dietary supplements (n = 
28), while it was absent in herbal teas (n = 8).29 Also, 
using species-specific primers for a short sequence of 
the matK region, Dhivya et al. successfully retrieved 
ginkgo DNA from 20 leaf or wood/bark samples. 
However, the usefulness of this method to find ginkgo 
DNA in extracts was limited.30 In 2020, a PCR method 
was described for the quantification of ginkgo in herbal 
teas, which used species-specific primers for the ITS2 
region. This real-time PCR method31 provided a much 
wider dynamic range (seven orders of magnitude) and 
a higher sensitivity (0.02 pg of ginkgo DNA) than that 
obtained by Dhivya et al.30 Quantitative results were 
within 5-18% of the expected amount for mixtures of 
green tea with 2-20% of ginkgo leaves.31

Comments: Success in detecting adulteration in crude 
or powdered ginkgo leaf products with genetic assays 
is highly dependent on the targeted genomic region 
and the sequencing technique. The best results were 
obtained with the mini-barcoding approach published 
by Little,26 in which ginkgo DNA was detected in a 
majority of dietary supplements containing ginkgo 
extracts. The use of species-specific primers to identify 
ginkgo DNA provided acceptable results for herbal 

teas and crude ginkgo leaf samples. Of interest is the 
RPA approach combined with the lateral flow dipstick 
detection, in which the authors attempted to iden-
tify both ginkgo and Japanese sophora DNA. This 
method represents a promising screening test for the 
targeted detection of ginkgo adulteration with Japa-
nese sophora. Limitations of all these methods are 
the lack of success with certain ginkgo leaf extracts 
and the inability to detect adulteration with flavonols 
obtained after purification from natural or synthetic 
origin. 

9. Chemical Identification and Distinction
Most of the quality control assays using chromato-
graphic methods for authentication of ginkgo leaf 
extracts rely on diterpene lactones and flavonols as 
marker compounds. These two classes of compounds 
are also typically used for the purpose of standard-
ization. Adulteration is observed with flavonol-rich 
extracts or purified flavonoid fractions from other 
sources (Table 1), mainly the flowers of Japanese 
sophora, which are particularly rich in rutin. Other 
known adulterants with high rutin contents include 
Japanese sophora fruit and buckwheat extracts. 
Although a number of other plants contain large 
amounts of this flavonol glycoside, adulteration with 
extracts of these other plants has not been reported 
in the literature. Sections 9.1 and 9.2 provide a brief 
review of the constituents of ginkgo leaf and its known 
adulterants: Japanese sophora flower and fruit and 
buckwheat leaf.

9.1 Chemistry of Ginkgo biloba leaf:
The composition of ginkgo leaf has been thoroughly 
studied. Spieß and Juretzek22 indicate contents 
of 0.5-1.8% flavonol glycosides, 0.4-1.9% bifla-
vones, 8-12% proanthocyanidins (PACs), 0.04-0.2% 
sesquiterpenes, 0.06-0.23% diterpenes, organic acids 
(e.g., 0.0003-0.1% 6-hydroxykynurenic acid and up to 
2% shikimic acid), and 1-2% alkylphenols (ginkgolic 
and hydroginkgolic acids). More recent papers 
reported flavonol glycoside concentrations of 0.036-
1.87%,32-35 0.38-0.57% biflavones,33 0.11-0.72% 
terpene lactones,32,34,35 4-12% PACs,36 0.000071-
0.2% 6-hydroxykynurenic acid,36-39 and between 
0.5-4.8% alkylphenols.36,40,41

The ginkgo extract upon which the preponderance of 
clinical studies has been performed, and which estab-
lished the ginkgo leaf extract market, is standardized 
to contain ca. 24% flavonol glycosides, ca. 6% terpene 
lactones, and less than 5 ppm ginkgolic acids. The 
actual range of flavonol glycosides in these extracts 
appears to be between 22-27%42 or 24.5-35.5%.43 
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Terpene lactones vary between 5.2 and 11.3% in 
ginkgo leaf extracts.42,43 The composition of the most 
widely studied extract, EGb 761® (Willmar Schwabe 
Pharmaceuticals, Karlsruhe, Germany), is detailed by 
van Beek et al.36 Besides the flavonol glycosides and 
terpene lactones, this extract contains approximately 
20% non-flavonol glycosides, 13% carboxylic acids, 7% 
PACs, 5% inorganic compounds, 4% high molecular 
weight constituents, and 2% flavan-3-ols. The remain-
ing 19% includes compounds from other classes, 
unknown constituents, and residual solvent/water.

The flavonols are mainly comprised of quercetin, 
kaempferol, and isorhamnetin glycosides with the 
sugar portion commonly consisting of glucose, rutin-
ose (6-O-rhamnosylglucose), 2-O-rhamnosylrutinose, 
and acylated flavonol glycosides such as querce-
tin 3-O-[(6-O-coumaroylglucosyl)-(1→2)]-rhamnoside 
(Figure 1).1,44,45 Acylated flavonol glycosides occur at 
concentrations of 0.06-0.2%.22 Sciadopitysin, ginkge-
tin and isoginkgetin are the most prominent biflavones 
(Figure 2).46,47 Among the terpenes, the sesquiterpene 
trilactone bilobalide and the diterpene trilactones gink-
golide A, B, C are the most common (Figure 3); gink-
golides J, M, K, L, Q, P are minor constituents48 and 
are usually not measured when total terpene lactones 
are quantified.4,5 The structural features of ginkgo 
PACs are still not well known, but according to Kulic,42 
the PACs consist of 77.7% of epigallocatechin/gallo-
catechin units, and 15.9% epicatechin/catechin units. 
To date, only a few dimers have been fully elucidated, 
including procyanidin B1 and B3, epigallocatechin-
(4β→8)-epigallocatechin-(4β→2)-phloroglucinol, 
epigallocatechin-(4β→6)-epigallocatechin-(4β→2)-
phloroglucinol, epigallocatechin-(4β→8)-catechin, and 
prodelphinidins B1 and B2.49,50 The most abun-
dant alkylphenols are 6-([Z]-pentadec-10-en-1-yl)sali-
cylic acid, 6-([Z]-pentadec-8-en-1-yl)salicylic acid, and 
6-([Z]-heptatadec-12-en-1-yl)salicylic acid.41,51,52

The occurrence of isoflavones, particularly genistein, 
in ginkgo has been reported,38,53 but doubts have 
been raised as to the accuracy of these reports.54 The 
presence/absence of genistein is important as many 
authors propose genistein as a marker of adulteration 
with Japanese sophora.54,55 The existing data on this 
topic have been discussed by several authors.2,56,57 
Two additional studies from 2018 and 2021 illustrate 
the dilemma: Baker and Regg58 confirmed the pres-
ence of genistein in a ginkgo extract obtained from a 
chemical ingredient supplier using a UPLC-UV-CAD-
MS system while genistein was absent in all of the 33 
authentic ginkgo leaf samples obtained from China, 
France, and the United States, analyzed by Bampali et 
al.57 Of interest is the report of a flavonoid tentatively 
identified as genistein rutinoside by Baker and Regg,58 

Kaempferol: R1=R2=H
Quercetin: R1=OH, R2=H
Isorhamnetin: R1=OCH3, R2=H
Rutin: R1=OH, R2=Rutinose
Quercetin 3-O-[(6-O-
coumaroylglucosyl)-(1→2)]-
rhamnoside: R1=OH, R2=6-CGR

Ginkgetin: R1=CH3, R2=H
Isoginkgetin: R1=H, R2= CH3
Sciadopitysin: R1=R2= CH3

Rutinose

6-O-coumaroylglucosyl-(1→2)-rhamnoside (6-CGR)

Ginkgolide A: R1=R2=H
Ginkgolide B: R1=OH, R2=H
Ginkgolide C: R1=R2=OH

Bilobalide

Figure 3: Main terpene lactones in ginkgo leaves

Figure 2: Main biflavones from ginkgo leaves

Figure 1: Examples of flavonols in ginkgo leaves
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which may represent the first isoflavone glycoside 
found in ginkgo. However, it could also mean that 
the commercial extract which the team analyzed was 
adulterated with Japanese sophora fruit, as sophora-
bioside (genistein 4’-O-neohesperidoside) has been 
mentioned as one of the main isoflavones in Japanese 
sophora fruit.55 From the mass spectrometric data, 
these authors58 identified the glycosyl moiety of this 
isoflavone as consisting of a hexose and a rhamnose, 
which does not allow a distinction between rutinose 
and neohesperidose. 

9.2 Chemistry of adulterants:
Fagopyrum esculentum: A number of flavonoids 
have been reported from various parts of the plant. 
Common buckwheat groats contain rutin, isovitexin, 
orientin, isoorientin, hyperoside, quercitrin, quercetin, 
and flavan-3-ol monomers and polymers (proanthocy-
anidins).59,60 The proanthocyanidins are composed of 
epicatechin and epiafzelechin units, often esterified 
with gallic acid.61 The hulls of buckwheat seeds contain 
0.01-0.19% vitexin/isovitexin, 0.01-0.17% rutin, and 
0.01-0.03% orientin/isoorientin.59,62,63 Epicatechin 
gallate (0.15-0.35%) is most prominent in the buck-
wheat seed bran.59 Additionally, phenolic acids such 
as caffeic acid, chlorogenic acid, and gentisic acid 
have been reported.64 The aerial parts of common 
buckwheat contain 2-10% rutin, 0.05-0.26% isoquer-

citrin, and up to 0.08% quercetin.65,66 The flowers 
reportedly have the highest amounts of flavonoids of 
any buckwheat plant parts, with 2.8-12% rutin, 0.035-
1.0% quercitrin, and 0.001-0.04% hyperoside.65,67-69 
Flavone C-glycosides are reportedly absent or at trace 
levels (≤0.05%) in the aerial parts.67,70 An interest-
ing class of compounds are the fagopyrins, which 
are napthodianthrone derivatives with piperidine and 
pyrrolidine moieties. The amounts vary between 0.02-
0.12% and 0.04-0.23% fagopyrins in the leaves and 
flowers, respectively, but less than 0.01% in other 
plant parts.71,72 Similarly, Hagels et al. found 0.08% 
fagopyrin and 0.03% pseudofagopyrin in flowers, 
and slightly lower concentrations in the leaves.73 In 
common buckwheat sprouts, isovitexin was reported 
at concentrations of 0.47-1.71%, isoorientin at 0.66-
1.67%, rutin at 0.25-1.22%, and orientin and vitexin at 
0.54-0.84% and 0.35-0.98%, respectively.74-76 Fago-
pyrins are also present in sprouts, but at very low 
amounts (≤ 0.005%).77 Based on the flavonoid content 
and composition, common buckwheat flowers and 
herb would be more likely adulterants for ginkgo than 
the seeds. With the exception of the fagopyrins (which 
may not be soluble in commonly used extraction 
solvents),78 there are no clear marker compounds to 
indicate adulteration with extracts of buckwheat flow-
ers or leaves, but the presence of isovitexin, isoorien-
tin, vitexin or orientin could point to adulteration with 
buckwheat seed or sprout extracts. 

Ginkgo Ginkgo biloba. Photo ©2022 Steven Foster
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Fagopyrum tataricum: Compared to common 
buckwheat, Tartary buckwheat has higher flavonoid 
contents but little to no flavone C-glycosides. Rutin 
(0.81-1.66%) is the predominant flavonoid in the 
seeds;79,80 other flavonoids represented are glycosides 
of quercetin and kaempferol, such as quercitrin (0.047-
0.090%).79,81 In addition to the flavonoids, Guo et 
al. reported phenolic acids, i.e., p-hydroxybenzoic 
acid (up to 0.36%), and smaller amounts (≤ 0.05%) of 
caffeic acid, chlorogenic acid and protocatechuic acid 
in the bran. Protocatechuic acid (0.054%) was the most 
abundant phenolic acid in the hulls. Minor phenolics 
in the seeds include flavan-3-ols (e.g., epicatechin, 
catechin)82,83 and anthraquinones (e.g., emodin).82,84 
The composition of phenolic compounds in Tartary 
buckwheat flowers and leaves was investigated by 
several authors.69,85 The main flavonoid in the flow-
ers is rutin at concentrations of 2.8-8.6%. Also pres-
ent in the flowers are chlorogenic acid (0.2-1.1%), 
epicatechin (0.3-0.9%), quercetin (0.07-0.9%), and 
small amounts (≤ 0.1%) of kaempferol, catechin, and 
p-coumaric acid. Fagopyrins were found at 0.18-
0.81%.71,72 The amounts of rutin in the leaves varies 
between 1.4-4.8%; chlorogenic acid was found at 
0.03-0.09%, epicatechin between 0.02-0.06%, and 
quercitrin at 0.01-0.05%.79,85 Leaf concentrations of 
fagopyrins were determined to be 0.03-0.11%.71,72 
The flavonoids in sprouts are dominated by rutin, 
with concentrations between 2.2-4.2% depending 
on the authors.75,76,86 Flavone C-glycosides are pres-
ent at low concentrations: contents of 0.05% were 
reported for vitexin and isovitexin, 0.02% for orientin, 
and 0.01% for isoorientin.76 The anthocyanin cyanidin 
3-O-rutinoside is present at levels between 0.025-
0.49%.87 Fagopyrins at quantities of 0.010-0.012% 
have also been reported from Tartary buckwheat 
sprouts.77 As with common buckwheat, flower and leaf 
extracts of Tartary buckwheat appear to be the most 
logical choice as an adulterant of ginkgo extracts. 

Styphnolobium japonicum: 
Flower: Flavonoids are the main constituents in the 
flower of Japanese sophora. The Chinese Pharmaco-
poeia lists two ingredients, huaimi (Sophorae japoni-
cae flos immaturus) and huaihua (Sophorae japonicae 
flos) with a mean rutin content of ≥20% and ≥8%, 
respectively.88 Gevrenova et al. measured 19.2-28.7% 
rutin in dried sophora flowers depending on the matu-
rity and year of harvest.89 Other flavonoids include 
quercetin 3-O-rutinoside-7-O-glucoside, kaempferol 
3-O-rutinoside, and isorhamnetin 3-O-rutinoside.89,90 
Quercetin is only present at very small amounts in 
the flower buds, but its concentration increases as 
the flower matures. The isoflavones genistin (genis-
tein 7-O-glucoside),89 sophorabioside (genistein 

4‘-O-neohesperidoside),89 sophoricoside (genistein 
4’-O-glucoside)90 and genistein55 have also been 
reported but appear to be present in small amounts 
(less than 0.5%).89 Nevertheless, these isoflavones can 
help to detect adulteration with Japanese sophora 
flower extracts.

Fruit: Flavonoids also represent the constituents of 
interest in Japanese sophora fruit. The Chinese Phar-
macopoeia includes a monograph for huaijiao (Sopho-
rae fructus), the dried ripe fruit of Japanese sophora. 
For the mature fruit, sophoricoside contents must be 
not less than 4%. Published data reported the follow-
ing flavonoid contents: 5.9-10.2% sophoricoside, 
6.1-6.5% sophorabioside, 1.0-4.9% rutin, 4.4-4.7% 
kaempferol 3-O-rutinoside, 0.8-2.5% genistin, and 
0.07-0.4% genistein.89,91 A comprehensive review 
on the constituents found in the fruits and other 
plant parts has been published by He et al.91 Since 
the chemical composition of Japanese sophora fruit 
extracts is rather different from ginkgo extracts, such 
adulteration is readily detected.

9.3 Laboratory methods:
Table 4, which appears at the end of this section, 
provides a summary comparison of different methods 
of analysis of ginkgo leaf extracts. 

9.3.1 High-Performance Thin-Layer 
Chromatography
Methods from the following sources were evaluated 
in this review: Ph. Eur. 10.0,4 USP43-NF38,5 American 
Herbal Pharmacopoeia,3 a set of four methods issued 
by HPTLC Association,92-95 Booker et al.,96 Frommen-
wiler et al.,97 Gawron-Gzella et al.,98 Gray et al.,99 and 
Avula et al.55 

Comments: The majority of publications to authen-
ticate ginkgo leaf extracts by HPTLC have focused 
on flavonoid analysis. Pharmacopeial monographs,3-5 
and the separation methods described by the HPTLC 
Association,92 Booker et al.,96 Frommenwiler et al.,97 
and Gawron-Gzella et al.98 are identical, with a rela-
tively polar mobile phase optimized to separate the 
flavonol glycosides. The detection is carried out with 
Natural Products reagent/Polyethylene Glycol (NP/
PEG) reagent 4,5,92,96-98 or NP reagent followed by 
Anisaldehyde reagent.92,97 Avula et al.55 and Gray et 
al.99 used a more lipophilic mobile phase to evidence 
quercetin, kaempferol, and isorhamnetin. Detection 
was performed using the NP reagent,55 or without 
prior derivatization by densitometry.99 While these 
methods allow the detection of fortification with 
quercetin, the detection of adulteration with flavonol 
glycoside-rich extracts is challenging.
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Two methods describe parameters to analyze the 
ginkgo terpene lactones.93,99 In addition, the HPTLC 
Association published methods to measure ginkgolic 
acids95 and quercetin;94 the latter is a test to evaluate 
if extracts comply with the limits of quercetin specified 
by the USP monograph on powdered ginkgo extract. 
For the detection of adulteration with Japanese 
sophora or buckwheat extracts, the pharmacopeial 
method for flavonoids appears to be a logical choice. 
This method may also provide information on the pres-
ence of high amounts of free quercetin, thus making 
the additional method to measure the amount of 
quercetin redundant. Subsequent detection with NP/
Anisaldehyde92 provides analysts an easier way to find 
undeclared Japanese sophora flower or fruit extracts 
and buckwheat herb extracts. The terpene lactones 
methods help to detect admixtures of other parts of 
the ginkgo tree, e.g., the stem and root bark,100 but 
may not be suitable to identify adulteration with Japa-
nese sophora or buckwheat, since many adulterated 
ginkgo dietary supplements contain enough ginkgo 
leaf extract to comply with pharmacopeial mono-
graphs regarding the terpene lactone content and 
composition.

9.3.2 High-performance and Ultra-high-
performance Liquid Chromatography
A search using Google Scholar and the keywords 
“Ginkgo biloba,” “adulteration,” “detection,” and 
“HPLC” on August 10, 2021, yielded 1140 documents. 
To review such a large body of literature is beyond 

what can be reasonably achieved for the purpose of 
this laboratory guidance document. Therefore, the 
focus has been on compendial methods, and, with a 
few exceptions, HPLC and UHPLC methods that were 
developed with the detection of ginkgo leaf extract 
adulteration in mind. Excluded were methods assess-
ing ginkgolic acids (the levels of which are limited to 
5 ppm in official compendia4,5) as these are not suit-
able to detect adulteration. Methods described in the 
following articles were evaluated in this review: Ph. 
Eur. 10.0,4 USP43-NF38,5 American Herbal Pharma-
copoeia,3 Hasler et al.,101 Sloley et al.,1 Xie et al.,102 
Ding et al.,103 Lin et al.,104 Agnolet et al.,45 Tawab et 
al.,105 Gawron-Gzella et al.,98 Chandra et al.,106 Kakigi 
et al.,107 Harnly et al.,108 Ronowicz et al.,109 Demi-
rezer et al.,110 Wohlmuth et al.,54 Avula et al.,55 Ma et 
al.,44 Baker and Regg,58 Govindaraghavan,56 Czigle 
et al.,111 Budec et al.,112 Ma et al.,113 Subhi Sammani 
et al.,114 Walkowiak et al.,115 Cruz et al.,116 Collins et 
al.,117 von Ahn and dos Santos,118 Bampali et al.,57 
and Wu et al.33

Comments: High-performance liquid chromatography 
(HPLC) is widely used for the analysis of ginkgo leaves 
and leaf extracts. Methods generally fall within one 
of the following categories: (1) Quantitative analysis 
of flavonol aglycones after hydrolysis, (2) quantitative 
analysis of a specific set of marker compounds includ-
ing flavonol glycosides (3) qualitative analysis of the 
extract fingerprint prior to hydrolysis, and (4) quantita-
tive analysis of terpene lactones. Criteria to distinguish 
authentic from adulterated ginkgo leaf extracts have 

Table 2: Criteria to distinguish genuine from adulterated ginkgo leaf extracts 

Author(s) Acceptance criteria

AHP, 20033 Q/K/I ratio between 4:4:1 and 6:5:1

Tawab et al., 2010105 Q/(K+I) ratio of 0.8-1.2

Chandra et al., 2011106 Q/K/I ratio 1/0.8-1.2/≥0.1

Czigle et al., 2018111 Q/K/I ratio approximately 5:4:1

Czigle et al., 2018111 GA/GB/GC/bilobalide ratio approximately 5:3:4:8

Budec et al., 2019112 Q/K/I ratio approximately 5:5:1; Q/K ratio of 0.8-1.65

USP43, 20225 K/Q ≥ 0.7; I/Q ≥ 0.1 

USP43, 20225 R ≤ 4%; Q ≤ 0.5% (prior to hydrolysis)

Wohlmuth et al., 201454 Total flavonol aglycones (prior to hydrolysis) ≤ 0.5%

CCCMHPIE, 201544,114 R ≤ 4%; Q ≤ 0.5%; K ≤ 0.5%; I ≤ 0.1%;

Avula et al., 201555 Bampali et al., 202157 Govindaragha-
van, 201856 Harnly et al., 2012108 Wohlmuth et al., 201454

Absence of genistein, sophoricoside, and other isoflavonoids

GA: ginkgolide A, GB: ginkgolide B, GC: ginkgolide C, K: kaempferol, I: isorhamnetin, Q: quercetin, R: rutin
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been put forward by several organizations and authors 
(Table 2).

Analysis of isorhamnetin, kaempferol, and quercetin: 
Initially proposed by Hasler et al.101 as a method to 
simplify the quantification of total flavonol glycosides 
in ginkgo leaf extracts, the determination of querce-
tin, kaempferol, and isorhamnetin after hydrolysis is 
also used to determine the undeclared admixture of 
extraneous flavonols and flavonol glycosides using 
various ratio requirements (see Table 2). The thirteen 
methods evaluated1,3-5,44,54,56,101,105,106,110-112 gener-
ally provide good resolution and good peak shapes. A 
majority uses a binary system of methanol-water (with 
phosphoric acid) and a C-18 column for the separa-
tion. Sample preparation times range from 75-385 
minutes and run times from 14-47 
minutes. Detection is performed by 
measuring the absorbance at 370 
nm, although some authors54,56 
have added a shorter wavelength, 
e.g., 270 nm, to allow the detec-
tion of genistein. Among the vali-
dated methods,3-5,44,54,101,105,111 
the Ph. Eur. assay4 is appealing 
due to its comparatively short (75 
min.) sample preparation time. The 
paper by Wohlmuth et al.54 stands 
out for its more robust criteria to 
detect adulteration, including the 
use of 270 nm as the detection 
wavelength to determine presence 
of genistein, and the approach to 
calculating total flavonol glycosides 
by way of subtracting the querce-
tin, kaempferol, and isorhamnetin 
quantities obtained before hydro-
lysis from those obtained after 
hydrolysis, allowing for the detec-
tion of any undeclared addition of 
any of the three aglycones from 
extraneous sources. However, this 
approach necessitates two HPLC 
analyses, adding time and costs to 
obtain the results. With the excep-
tion of Wohlmuth et al.,54 the main 
drawback with all these methods is 
that the authentication criteria are 
relatively easy to fool by addition 
of flavonols at specific amounts as 
shown by several authors.54,56

Analysis of marker compounds 
without prior hydrolysis: A number 
of analytes have been chosen for 
quantitative analysis as a means 

to detect adulteration without using a hydroly-
sis step in the sample preparation. Some authors 
measured markers for the presence of Japanese 
sophora, e.g., genistein and sophoricoside,56,57 while 
others focused on the amounts of rutin and flavonol 
aglycones.5,56,114,115 Two papers present quantita-
tive data on 11 marker constituents from a number of 
compound classes, which was then used for compara-
tive analysis by PCA,117 or by using the Similarity 
Evaluation System for Chromatographic Fingerprint 
of Traditional Chinese Medicine software33 (a software 
to measure the similarity among traditional Chinese 
medicine formulas made available by the Chinese 
Pharmacopoeia Committee in 2004). The main disad-
vantages are the need for a longer run time to obtain 

Ginkgo Ginkgo biloba. Photo ©2022 Steven Foster
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an acceptable resolution among the analytes of 
interest, and the use of additional detection systems 
(i.e., ELSD or MS) when both flavonols and terpene 
lactones are determined in a single run. On the other 
hand, the sample preparation can be shortened since 
the hydrolysis step is omitted, and the inclusion of 
compounds in addition to quercetin, kaempferol, and 
isorhamnetin provides a more robust means to detect 
adulteration. The inclusion of rutin and quercetin limits 
(Table 2), e.g., in the USP powdered ginkgo extract 
monograph5 or the China Chamber of Commerce 
for Import & Export of Medicines & Health Products 
(CCCMHPIE),44,114 has proven to be a fairly sound 
approach to detect adulteration.56 The determination 
of isoflavones can be relatively easily incorporated in 
a routine assay by including a wavelength between 
250-270 nm in addition to the more commonly used 
370 nm, and therefore comprises an easy means to 
obtain valuable information. Care should be taken 
though to ensure that genistein can be readily distin-
guished from its isomer apigenin, especially since both 
of these constituents may occur at low concentrations 
in extracts labeled to contain ginkgo leaf. Of the two 
methods that quantify a larger set of constituents, the 
combination of HPLC-UV-ELSD with PCA is certainly 
an appropriate way to compare ginkgo leaf extracts 
and to detect adulteration.117 The multivariate statis-
tical models, however, depend on obtaining a suffi-
ciently large number of samples to build a robust 
model. While the method by Wu et al.33 is validated, 
the authors analyzed only ginkgo leaf samples (no 
extracts) and included five biflavones in the analytes 
of interest. These biflavones are generally at very low 
concentrations in the commercial ginkgo leaf extracts 
and as such are not useful to detect adulteration.

Fingerprint analysis: A detailed evaluation of 18 
fingerprinting methods for ginkgo leaf extracts is given 
in Table 3. As in all other HPLC methods evaluated 
in this laboratory guidance document, the separa-
tion was achieved on C-18 columns. A combination 
of acetonitrile-water with formic acid was used by 
nine research groups. Detection was achieved by UV 
(n = 9), MS (n = 2), ELSD (n = 1), or combinations of 
various detectors (n = 6). The detection of ginkgo 
adulteration was based on visual inspection of the 
chromatograms, or after data analysis by multivariate 
statistics, most commonly PCA. Despite run times of 
up to 140 minutes and, in some cases, the use of ultra-
high-performance liquid chromatography (UHPLC), 
none of the methods provides a good resolution of 
all the peaks corresponding to ginkgo constituents, 
although fingerprints obtained with a UV detector at 
longer wavelengths  generally provide a cleaner chro-
matogram (less peak overlap, Table 3).

For the detection of ginkgo leaf extract adulteration, 
the fingerprint methods listed in Table 3 are appro-
priate approaches when combined with multivariate 
statistics. While visual inspection may be sufficient to 
observe the addition of extraneous flavonoids in most 
cases, chemometric evaluations bring a more robust 
assessment of the similarity of a given extract to the 
clinically tested EGb 761® extract, which is the most 
widely used comparator in these publications. Quan-
titative data can be obtained even for overlapping 
peaks, when MS detectors are available (unless these 
peaks exhibit the same ions in the MS). The methods 
by Lin et al.104 and Kakigi et al.107 have a good sepa-
ration, and the latter is quantitatively validated for 
four flavonol glycosides. If time is of the essence, the 
method by Xie et al.102 is the fastest with regards to 
the combination of sample preparation and run times. 
The HPLC-DAD-CAD-MS setup proposed by Baker 
and Regg58 stands out due to the amount of infor-
mation that can be obtained using the hyphenated 
setup with three detectors, although the method was 
developed for a safety assessment and not with the 
detection of adulteration in mind, as shown by the run 
time of 2 hours and 5 minutes.

Analysis of ginkgo terpene lactones: Methods to 
analyze ginkgo terpene lactones are described by 
the AHP,3 Ph. Eur.,4 USP,5 and by Czigle et al.,111 
Demirezer et al.,110 and Sloley et al.1 Tawab et 
al.,105 and Gawron-Gzella et al.98 use the conditions 
provided in the Ph. Eur. All these methods use C-18 
columns to separate the terpene lactones, except the 
Ph. Eur. Method, which uses a C-8 column. The solvent 
system consists most often of a methanol-water gradi-
ent, although Ph. Eur.4 and Czigle et al.111 use ternary 
solvent systems which are run isocratically. Sample 
preparation times vary between 35 min. and 5 hrs. 
The detection modes include ELSD,3,5 MS1,110,111 and 
refractive index (RI).4,98,105 Using a RI detector requires 
that the mobile phase be run isocratically, and it also 
has lower sensitivity than other detectors and may 
lead to some baseline drift if the conditions are not 
adequately controlled. The methods generally provide 
a good separation and peak shapes. For quick sample 
preparation and run times, the AHP method3 is a 
good choice. Nevertheless, many adulterated ginkgo 
leaf extracts appear to contain the terpene lactones in 
the right amount and ratio (which suggests that these 
extracts are fortified with flavonols in amounts that 
allow the terpene lactone contents to still be above or 
near 6%),98,105,111,117 and thus—unless these constitu-
ents are absent altogether—the analysis of ginkgo 
terpene lactones is of limited use in detecting ingredi-
ent or product adulteration. 
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Authors Number of 
samples 

Sample 
prep. time 
(min.)a

Run 
time 
(min.)

Detection Adulteration 
assessment

Comment

Agnolet et al., 
201045

16 1020 77 254 nm PCA, visual Quantitative data correlate well 
to 1H NMR results (section 
9.3.5), but no validation. State-
of-the-art statistical evaluation. 
Time consuming, substantial 
peak overlap.

Avula et al., 
201555

30 285 15 254 nm, 
QTOFMS

Isoflavonoid 
presence; Q 
levels

Good number of samples, short 
run time. Lengthy sample prepa-
ration. Substantial peak overlap,b 
column overloading possible 
(broad peaks). Expensive instru-
mental setup. No validation.

Baker and 
Regg, 201858

1 45 125 275 nm, 
CAD, 
QTOFMS

Adulteration 
not assessed

Only one non-authenticated 
sample analyzed. Short sample 
preparation time, excellent 
but expensive instrumental 
setup. Very robust approach if 
combined with multivariate statis-
tics. Some peak overlap,b run 
time too long for routine analysis. 
No validation.

Chandra et 
al., 2011106

8 40 18 340 nm Visual Short sample preparation and 
run times. Substantial peak over-
lap. No validation.

Collins et al., 
2020117 

24 Not enough 
information 
available

75 ELSD PCA Good number of samples, state-
of-the-art statistical evaluation. 
Missing sample preparation infor-
mation. Peak shapes for some of 
the standard injections suggest 
fronting. Some peak overlap. No 
validation.

Cruz et al., 
2020116

32c 50 15 ESIMS PCA Good number of samples, state-
of-the-art statistical evaluation, 
short sample preparation and run 
times. No commercial samples, 
adulterant material not specified. 
No figure available to assess 
chromatography. Expensive 
instrumental setup. No validation.

Demirezer et 
al., 2014110

13 65 40 408 nm R levels Short sample preparation and 
acceptable run times. Substantial 
peak overlap. Some broad peaks 
possibly due to column overload. 
Expensive instrumental setup. 
No validation.

Table 3: Comparison of HPLC fingerprint methods for the assessment of ginkgo leaf extracts
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Table 3 (continued): Comparison of HPLC fingerprint methods for the assessment of ginkgo leaf extracts

Authors Number of 
samples 

Sample 
prep. time 
(min.)a

Run 
time 
(min.)

Detection Adulteration 
assessment

Comment

Ding et al., 
2008103 

5 70 140 Ion Trap 
MS

Q/I and R/I 
ratios

Capillary HPLC column not 
commercially available. Substan-
tial peak overlapb despite 2 hrs 
20 min. run time. Unclear how 
flavonoid ratios were obtained. 
Unusual approach but not practi-
cal for routine analysis. No vali-
dation.

Gawron-
Gzella et al., 
201098

11 35 75 350 nm Visual and 
rel. peak 
percentage

Short sample preparation time. 
Some peak overlap. No valida-
tion.

Harnly et al., 
2012108

18 45 106 270 nm, 
310 nm, 
330 nm 
350 nm

PCA; R, Q 
levels

Short sample preparation, but 
long run time. Substantial peak 
overlap. State-of-the-art statisti-
cal evaluation. No validation.

Hasler et al., 
1992101

12 293 30 350 nm Adulteration 
not assessed

Lengthy sample preparation. 
No information on adulteration 
detection. Some peak overlap, 
but outstanding separation at the 
time (1992). Not validated.

Kakigi et al., 
2012107

22 158 46 360 nm, 
TOFMS

PCA Good number of samples. 
Lengthy sample preparation. 
Expensive instrumental setup. 
Chromatograms of leaves show 
several bumps (very broad 
peaks). Some peak overlap.b 
State-of-the-art statistical evalua-
tion. Validated.

Lin et al., 
2008104

9 75 105 270 nm,
330 nm,
350 nm
ESIMS

Adulteration 
not assessed

Overall good separation despite 
some overlapping peaks. Partial 
or full characterization of 76 
constituents. Lengthy run time. 
No validation.

Ma et al., 
201644

29 70 14 260 nm, 
360 nm

PCA, 
rel. peak 
percentage, 
USP and 
CCCMHPIE 
limits

Good number of samples. Short 
run time. State-of-the-art statisti-
cal evaluation and useful criteria 
to detect adulteration. Substan-
tial peak overlap, even for some 
of the analytes to be quantified. 
Sample preparation is not repro-
ducible (missing information). 
Validated.

Ma et al., 
2019113

3 135 50 360 nm, 
ELSD

Adulteration 
not assessed

Low number of samples. Two 
gradient methods are described 
but unclear which one should be 
used. No criteria to detect adul-
teration. Lengthy sample prepa-
ration. Substantial peak overlap. 
No validation.



13 12 

Ginkgo Leaf Extract -  L a b o r a t o r y  G u i d a n c e  D o c u m e n t   •  May 2022  •  www.botanicaladulterants.orgGinkgo Leaf Extract -  L a b o r a t o r y  G u i d a n c e  D o c u m e n t   •  May 2022  •  www.botanicaladulterants.org

Table 3 (continued): Comparison of HPLC fingerprint methods for the assessment of ginkgo leaf extracts

Authors Number of 
samples 

Sample 
prep. time 
(min.)a

Run 
time 
(min.)

Detection Adulteration 
assessment

Comment

Ronowicz et 
al., 2013109

8 37 40 350 nm PCA, 
k-means, 
and HCA

Short sample preparation and 
acceptable run times. Substantial 
peak overlap. Extensive state-of-
the-art statistical evaluation. No 
validation.

Sloley et al., 
20031

10 50 75 DAD-
ESIMS

R levels Short sample preparation but 
lengthy run time. Some peak 
overlap.b Expensive instrumental 
setup. No validation.

Xie et al., 
2006102

19 10 25 250 nm, 
360 nm

PCA Very fast method, state-of-the-art 
statistical evaluation. Some peak 
overlap. No validation.

a According to Table 6 of the BAPP Skullcap Adulteration Laboratory Guidance Document,119 with the following additions:

Mixing (vortex):    5 min.
Neutralization:     10 min.
Rinsing & transfer (round bottom flask): 10 min.
Solid-phase extraction:   30 min.

Sample preparation times vary substantially depending on the analyst’s skill level and type of equipment used. The times provided here are approximative.  

b Due to the availability of a MS detector, quantitative data can be obtained despite the overlapping peaks.

c Samples consisted of leaf (n = 4), stem (n = 1), and leaf extracts (n = 5), which were purposefully adulterated (n = 22) with Japanese sophora fruit at various 
concentrations.

CAD: charged aerosol detector; CCCMHPIE: China Chamber of Commerce for Import & Export of Medicines & Health Products; DAD: diode array detector; 
ELSD: evaporative light scattering detector; ESIMS: electrospray ionization mass spectrometry; HCA: hierarchical cluster analysis; I: isorhamnetin; PCA: principal 
component analysis; Q: quercetin; (Q)TOFMS: (quadrupole) time-of-flight mass spectrometry; R: rutin; USP: United States Pharmacopeia.

9.3.3 Gas chromatography
The method by von Ahn and dos Santos118 was evalu-
ated in the present review.

Comments: Ahn and Santos proposed their GC-FID 
method118 as an alternative to the USP method for 
terpene lactones5 for those laboratories that do not 
have an ELSD detector. Disadvantages are the ca. 
4-hour sample preparation time and the use of pyri-
dine as solvent to silylate the terpene lactones. As 
mentioned in section 9.3.2, many adulterated ginkgo 
leaf extracts contain the terpene lactones in the right 
amount and proportions; therefore, this approach is not 
suitable to detect adulteration in most cases. 

9.3.4 Infrared spectroscopy
Five methods to analyze flavonoids in ginkgo leaf 
extracts or ginkgo leaves using near infrared (NIR) or 
Fourier transform infrared (FT-IR) spectroscopy were 
selected for this review: Geng and Xiang,120 Harnly 
et al.,108 Hu et al.,121 Walkowiak et al.,115 and Zhao et 
al.122 

Comments: Two methods measured total flavone 
glycosides in powdered leaf122 or leaf extracts121 

by NIR and used multivariate statistics to build the 
calibration model. Geng and Xiang determined the 
amounts of quercetin, kaempferol, and isorhamnetin in 
ginkgo leaf extracts using a validated NIR approach.120 
However, none of these NIR methods were assessed 
with regards to their ability to detect adulteration. Due 
to the similarity in the flavonol glycoside composition 
of the ginkgo extracts and its adulterants, it is unlikely 
that these methods are sufficiently selective to detect 
admixture of Japanese sophora or buckwheat extracts 
to ginkgo extracts. The attempt to detect adultera-
tion in commercial ginkgo products by NIR by Harnly 
et al.108 was unsuccessful, due to the interference of 
excipients. Improving the sample preparation may 
resolve these issues but will eliminate one of the main 
advantages of NIR, the quick and easy sample prepara-
tion. Walkowiak et al.115 had some success in detecting 
ginkgo leaf extract adulteration using bi-dimensional 
FT-IR and then analyzing the data with multiway PCA 
(MPCA). Commercial products containing excessive 
amounts of rutin or kaempferol were readily detected. 
However, the separation of products fortified with either 
quercetin, or a combination of rutin and a flavonol agly-
cone was not successful. Based on the available infor-
mation, the current infrared methods are not sufficiently 
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selective to detect adulteration of ginkgo leaf extracts.

9.3.5 Nuclear magnetic resonance
The following published methods were evaluated in 
this review: Agnolet et al.,45 Booker et al.,96 Collins 
et al.,117 Li et al.,123 Napolitano et al.,124 and Vasiliev 
et al.125

Comments: The methods presented in these six 
papers use either quantitative 1H NMR117,123-125 or 
an NMR fingerprint with multivariate statistics45,96,117 
to determine the authenticity of ginkgo leaf extracts. 
While all quantitative methods determined the terpene 
lactone contents, only two qNMR papers117,124 deter-
mined rutin contents, while the other two quanti-
fied flavonol aglycones post hydrolysis.123,125 Collins 
et al.117 presented a comparison of quantitative 
results between HPLC-UV (or HPLC-ELSD) and NMR 
results. The correlation of data was dependent on the 
concentration of analytes, with lower amounts provid-
ing poorer correlations. But even in some ginkgo 
products with rutin at high concentrations, the rutin 
levels differed by up to 8.2 times between HPLC and 
NMR, with higher amounts calculated when using the 
NMR approach. One of the disadvantages of qNMR 
is the relatively low sensitivity of the NMR instrument, 
making it difficult to quantify quercetin, kaempferol, 
and isorhamnetin without prior hydrolysis of the 
respective glycosides.

When a fingerprint approach is used, one of the 
limitations in the analysis of finished dietary supple-
ment products is the impact of excipients and certain 
endogenous compounds, e.g., shikimic acid, on the 
spectra and thus the clustering of samples. One way to 
avoid the disproportionate impact of such compounds 
on the results is to reduce the spectral window for 
data analysis, e.g., to the aromatic region as shown by 
Agnolet et al.,45 and Booker et al.96 However, this has 
the disadvantage that the differentiation of samples is 
solely based on compounds with an aromatic moiety 
and may not be sufficient to detect adulteration. 
For example, Agnolet et al.45 noted eight samples 
with higher levels of quercetin but were not able to 
determine if the samples were fortified with extra-
neous quercetin in all cases. Since Collins et al.117 
mainly investigated bulk extracts with presumably low 
amounts of excipients, these authors were able to 
use the full 1H NMR spectrum for sample differentia-
tion, enhancing the ability to distinguish the various 
samples. Still, the approach classified several samples 
as “characteristic” that were considered intermediate 
or uncharacteristic by chromatographic methods.

The use of nuclear magnetic resonance (NMR) has a 
number of appealing features, most notably the quick 

sample preparation (unless a hydrolysis step is used), 
low solvent needs, and quick analysis time. Quantita-
tive data can be obtained using a single reference 
compound rather than having to buy a commercial 
standard for each analyte of interest. Another advan-
tage is the good stability of the instrument, allowing 
one to compare data over a long period of time with-
out the need to recalibrate. The main disadvantages 
are the need for an expensive instrument and the rela-
tively large space requirement, since, in all these publi-
cations, the magnetic field strength of the instruments 
was between 400-800 MHz. 1H NMR has proved to be 
useful in determining if ginkgo samples are fortified 
with high amounts of rutin or quercetin, but in cases 
where the adulteration is more sophisticated, the data 
from chromatographic fingerprints appear to be more 
reliable than the 1H NMR data to detect the adulter-
ants.117 

10. Conclusion
Ginkgo leaf extract adulteration is primarily done via 
undeclared fortification using flavonols or flavonol-rich 
extracts from other plants. While the lines between 
natural variability in the flavonoids in authentic and 
adulterated extracts are somewhat blurred, the estab-
lishment of clear specifications for flavonol ratios, e.g., 
kaempferol to quercetin and isorhamnetin to querce-
tin, or limits for rutin and quercetin in unhydrolyzed 
samples (Table 2), is helpful to detect gross adul-
teration, but may not be completely satisfactory for 
detecting minor amounts of flavonoid fortification. The 
combination of a quantitative method including rutin, 
quercetin, kaempferol, isorhamnetin, and genistein 
with a fingerprint method (1H NMR, HPLC-UV, HPLC-
MS, or HPTLC) is a robust approach to authenticate 
ginkgo leaf extracts. HPTLC is particularly helpful to 
detect increased amounts of flavonol aglycones, but 
also the undeclared addition of sophora fruit extract. 
In addition, pharmacopeial monographs and many 
published papers propose the same HPTLC condi-
tions, making method selection straightforward. When 
quantitative HPLC-UV/Vis is used, those methods that 
measure rutin and possibly other flavonol glycosides in 
addition to quercetin, kaempferol, and isorhamnetin, 
should be preferred.

Quality control tests relying on measuring solely quer-
cetin, kaempferol, and isorhamnetin after hydrolysis 
are not sufficient to guarantee absence of adultera-
tion. Since adulteration is done primarily by addition 
of flavonol glycosides and aglycones, the measure-
ment of ginkgo terpene lactones provides informa-
tion on ginkgo leaf extract authenticity only in those 
rare cases when the material is completely devoid of 
ginkgo.
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Table 4. Comparison among the Different Chemical Methods to Authenticate Ginkgo Leaf Extracts

Method Analyte Pro Contra

GC-MS Flavonol aglycones

Terpene lactones

Alternative to HPLC-based methods for terpene 
lactone and flavonol aglycone analysis

Lengthy sample preparation

Provides limited information on adulteration

HPTLC Flavonoids

Terpene lactones

Ginkgolic acidsa

Fingerprintb

Short sample preparation and analysis times

Basic systems affordable

Orthogonal methods allow detection of all 
known types of adulteration

HPTLC is a mainly a qualitative method, hence 
determination of quantitative data, e.g., flavonol 
ratios, is challenging 

HPLC-UV Flavonoids

Ginkgolic acidsa

Fingerprintb

Standard equipment in many laboratories

Short sample preparation time possible for 
fingerprint methods

Accurate quantitative assays easy

Fingerprint offers robust data to detect adul-
teration

State-of-the-art statistical evaluation possible

Time-consuming sample preparation when 
measuring flavonol aglycones post hydrolysis

Analysis of flavonols after hydrolysis is easily 
fooled

HPLC-ELSD Terpene lactones

Fingerprintb

Basic systems affordable

Ability to measure many different constituents 
with one detector

State-of-the-art statistical evaluation possible

No qualitative information

Difficult or impossible to recognize co-eluting 
constituents 

Small dynamic range

HPLC-RI Terpene lactones Basic systems affordable No qualitative information

Need for isocratic conditions is not ideal for 
fingerprint

Temperature sensitive

Baseline often “bumpy”

Difficult or impossible to recognize co-eluting 
constituents 

HPLC-MS Flavonoids

Terpene lactones

Ginkgolic acidsa

Fingerprintb

Ability to measure many different constituents 
with one detector

Quantification possible even for co-eluting 
constituents

State-of-the-art statistical evaluation possible

Equipment expensive

Large number of samples needed to build-up 
reference library for chemometric analysis

Infrared Fingerprint Instrument affordable

Short sample preparation and analysis times

State-of-the-art statistical evaluation possible

No use of solvents

Mostly qualitative

Little data available data on adulterant detection 

Large number of samples needed to build-up 
reference library for chemometric analysis

NMR Flavonoids

Terpene lactones

Fingerprintb

Qualitative and quantitative evaluation

Short sample preparation and analysis times

State-of-the-art statistical evaluation possible

Universal detection

Low amounts of solvent needed

Equipment expensive

Substantial space need for high field instruments

Low sensitivity – flavonol aglycones often only 
measurable after hydrolysis

Large number of samples needed to build-up 
reference library for chemometric analysis

a Specific methods for ginkgolic acids are available, but these analytes are not useful to authenticate ginkgo leaf extracts

b Fingerprint methods are available in addition to assays determining specific analytes
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