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Chemical methods are the most important and widely used traditional plant identification techniques recommended by national and international pharmacopoeias. We have reviewed the successful use of different chemical methods for the botanical authentication of 2,386 commercial herbal products, sold in 37 countries spread over six continents. The majority of the analyzed products were reported to be authentic (73%) but more than a quarter proved to be adulterated (27%). At a national level, the number of products and the adulteration proportions varied very widely. Yet, the adulteration reported for the four countries, from which more than 100 commercial products were purchased and their botanical ingredients chemically authenticated, was 37% (United Kingdom), 31% (Italy), 27% (United States), and 21% (China). Simple or hyphenated chemical analytical techniques have identified the total absence of labeled botanical ingredients, substitution with closely related or unrelated species, the use of biological filler material, and the hidden presence of regulated, forbidden or allergenic species. Additionally, affecting the safety and efficacy of the commercial herbal products, other low quality aspects were reported: considerable variability of the labeled metabolic profile and/or phytochemical content, significant product-to-product variation of botanical ingredients or even between batches by the same manufacturer, and misleading quality and quantity label claims. Choosing an appropriate chemical technique can be the only possibility for assessing the botanical authenticity of samples which have lost their diagnostic microscopic characteristics or were processed so that DNA cannot be adequately recovered.
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INTRODUCTION
Herbal products are being sold under many and diverse commercial descriptions in the international marketplace, including herbal drugs, botanical drugs, botanicals, phytomedicines, traditional medicines (TMs), herbal medicines (HMs), traditional herbal medicines products (THMPs), natural health products (NHPs), dietary supplements (DSs), plant food supplements (PFSs), nutraceuticals (NCs) and food supplements (FSs) (Ichim, 2019), the differences being mainly due to the prevailing national legislation under which they are marketed (Simmler et al., 2018). Herbal products are commercialized as medicines or foods, according to their officially declared intended final use by their manufacturers operating under various regulatory frameworks, and they are purchased, and subsequently used and consumed, for their medicinal claims (herbal medicines) or their expected health benefits (food supplements) (Thakkar et al., 2020). In the United Kingdom, for example, plant products are regulated under two main criteria, the first being what is claimed, i.e. if a manufacturer claims a medicinal effect, the product will automatically fall under medicines legislation; the second consideration being the activity of the plant in vivo, if it has shown to have a strong medicinal or pharmacological action then it is deemed a medicine regardless of the claims, the most notable plant in this category being Hypericum perforatum L. (St John’s Wort). Whereas in the United States most plant products are regulated as food supplements (botanicals) and in Germany the majority are considered medicines. Unfortunately, these marketing differences, due to significant differences between the regulatory approaches across jurisdictions (Low et al., 2017), are further contributing to their poor regulation on the international market.
Accidental contamination or the deliberate use of filler or substitute species (Shanmughanandhan et al., 2016) leads inherently to non-authentic, adulterated products (Simmler et al., 2018). The adulteration of commercial herbal products is an internationally widespread problem, as it has been reported for many countries from all inhabited continents (Ichim, 2019; Ichim et al., 2020). Moreover, large percentages of adulterated products have been reviewed, irrespective of the formal category of herbal products, being affected food and dietary supplements and medicines altogether (Ichim and de Boer, 2021), including products used in centuries or even millennia-old Ayurveda (Revathy et al., 2012; Seethapathy et al., 2019) and Asian traditional medicine systems (Masada, 2016; Xu et al., 2019). The substantial proportion of adulterated commercial herbal products described appears to be independent of the methods used for their analysis, traditional pharmacopoeial methods being employed, such as macroscopic inspection (van der Valk et al., 2017), microscopy (Ichim et al., 2020), chemical techniques (Li et al., 2008; Upton et al., 2020), or even the more recently developed DNA-based ones, such as the rapidly technologically evolving DNA barcoding and metabarcoding (Ichim, 2019; Grazina et al., 2020).
On the global market, herbal products are sold in an extremely diverse variety of forms, from single ingredient, unprocessed, raw, whole plants to multi-species, highly processed extracts. Therefore, the successful authentication of commercial herbal products reported by peer reviewed studies are a valuable and useful source of information which provide the necessary practicalities, including their strengths and the limitations, of employing the right methods for a specific type of product along the length of its value chain (Booker et al., 2012). Such analyses of peer-reviewed authentication reports focused exclusively on commercial herbal products have concluded that, microscopy, a traditional pharmacopoeial identification method, is cost-efficient and can cope with mixtures and impurities but it has limited applicability for highly processed commercial samples e.g. extracts (Ichim et al., 2020). On the other hand, DNA-based identification, only recently adopted by the first two national Pharmacopoeias (Pharmacopoeia Committee of P. R. China, 2015; British Pharmacopoeia Commission, 2018), facilitate simultaneous multi-taxa identification by using the DNA of different origins extracted from complex mixtures and matrices but false-negatives can be expected if the DNA has been degraded or lost during post-harvest processing or manufacturing (Raclariu et al., 2018a; Ichim, 2019; Grazina et al., 2020). In this respect, our review adds the much needed peer-reviewed, systematically searched information, about the successful use of chemical identification for the authentication of commercial herbal products. While doing so, our review also provides some missing pieces of the commercial herbal products’ authenticity puzzle.
METHODS
Databases
Search Strategy
Four databases were systematically searched for peer reviewed records following the PRISMA guidelines (Moher et al., 2009) using combinations of relevant keywords, Boolean operators and wildcards: [(“herbal product” OR “herbal medicine” OR “traditional medicine” OR “food supplement” OR “dietary supplement” OR “herbal supplement” OR nutraceutical) AND (authentic* OR contaminat* OR substitut*)] for Web of Science, PubMed, Scopus, and [(“herbal product” OR “herbal medicine” OR “food supplement” OR “dietary supplement” OR “herbal supplement” OR nutraceutical) AND (authentication OR contamination OR substitution)] for ScienceDirect. The option “search alert” was activated for all four databases, to receive weekly updates after the literature search was performed. Furthermore, we used cross-referencing to identify additional peer-reviewed publications.
Selection Process and Criteria
Identification: 10,497 records were identified through database searching (WoS = 1,317, PubMed = 3,253, Scopus = 5,446, and ScienceDirect = 481), and 196 additional records from cross-referencing and the weekly updates from the four databases. Screening: after the duplicates had been removed, 2,326 records were collected and their abstracts screened. After screening, 1,745 records were excluded for not reporting data relevant for the chemical authentication of herbal products. Eligibility: 581 full-text articles were assessed and screened based on the following eligibility criteria: 1) The reported products had to be “herbal products”; the full wide range of commercial names was searched for and accepted for being included in our analysis. 2) The analyzed products had to be “commercial”; keywords such as “purchased”, “bought”, were accepted. Our analysis excluded samples which were obtained “cost-free”, a “gift” or “donated” by a person, institution or company. 3) The products had to be clearly allocated to a “country” or “territory” (e.g., European Union). 4) The conclusion “authentic”/“adulterated” had to be drawn by the authors of the analyzed studies. 5) The products had to be analyzed with a “chemical” method or techniques.
The set of retrieved full-text articles was further reduced by 446 that did not meet all eligibility criteria. Included: 135 records.
RESULTS
Different chemical methods have been successfully employed for the botanical authentication of 2,386 commercial herbal products, sold in 37 countries spread on six continents. The majority of the analyzed products were reported to be authentic (73%) but more than a quarter proved to be adulterated (27%), when the botanical identity of their content was compared with the label stated ingredients (Table 1).
TABLE 1 | The authenticity of the chemically authenticated commercial herbal products at global level.
[image: Table 1]The herbal products were purchased from 37 countries scattered over six continents: Europe (n = 20), Asia (n = 9), North America (n = 3), Australia (n = 2), South America (n = 2), and Africa (n = 1) (Supplementary Table S1). The numbers of reported samples were geographically heterogeneous, at continental level the highest number of commercial herbal products was reported for Asia (n = 877), North America (n = 767), Europe (n = 573), followed distantly by South America (n = 86), Australia (n = 25) and Africa (n = 5). The proportion of adulterated products varies significantly among continents, being highest in Africa (60%), South America (57%), Australia (44%), and lower in Europe (28%), North America (27%), and Asia (25%). The adulteration percentage of the last three continents enumerated is close to the global one (27%) which can be influenced also by the significantly higher number of commercial products analyzed and reported, compared with the samples analyzed from the other three continents.
The distribution of commercial samples among the 37 countries is highly heterogeneous as well (Table 2). More than 100 commercial products were reported for four countries, i.e. United States (n = 746), China (n = 491) followed distantly by United Kingdom (n = 123) and Italy (n = 119). Another seventeen countries are well represented (n ≥ 10) by the successfully analyzed samples, while the other sixteen countries have even fewer (n < 10) products reported.
TABLE 2 | The distribution and authenticity of the chemically authenticated commercial herbal products at national level.
[image: Table 2]In twelve countries, out of the total of thirty-seven, all the analyzed commercial herbal products (100%) were reported as authentic, albeit, for eight of them, less than 10 samples were reported. Notably, the botanical identity of the samples purchased from South Korea (n = 96) and Denmark (n = 12) matched the labeled information. The adulterated proportion in the remaining twenty-five countries varied widely, from 8% up to as much as 80%. From the countries where more than 10 samples from their marketplace have been chemically authenticated and non-authenticated products have been reported, the majority of the commercial products was adulterated, being the highest in India (69%), followed closely by Australia (58%), Brazil (58%), Turkey (57%) and Malaysia (51%). Noticeably, the adulteration percentage of the four countries with more than 100 commercial products reported is 37% (United Kingdom), 31% (Italy), 27% (United States) and the lowest is reported for China (21%).
Sampling Heterogeneity and Unavoidable Bias
The authentication raw data were all retrieved from peer-reviewed articles, the vast majority of them after they were indexed in the four major international databases which were systematically searched for while some other few articles were identified after cross-referencing. Although no limiting criteria (e.g. publication year, or language) was used, the authentication data reported in journals with limited-impact and international visibility might be underrepresented in the retrieved data. Moreover, the access of researchers from the economically depressed economies to high-impact journals, and especially to the OA journals, is a further limiting factor for publicly communicating the authentication results relevant for a certain country. On the other hand, as it was previously mentioned as possible bias, also the countries with a functional consumer safety system might be underrepresented as the authentication results of the commercial samples screened by the respective institutions will be published in internal bulletins or protocols, rather than in peer-reviewed journals (Ichim et al., 2020).
DISCUSSION
The chemical identification methods have confirmed that a substantial proportion (27%) of herbal products from the international market place is adulterated: on average, more than one in each four products sold in the 37 countries included in our analysis was proved to be non-authentic regarding their botanical identity. This adulteration percentage, revealed by employing many and very diverse chemical analytical methods, almost matches the figure obtained after the use of DNA-based techniques were assessed for their use for the authentication of commercial herbal products in a comparable number of countries: 27% (Ichim, 2019). Indeed, this percentage was obtained after almost a triple number of commercial herbal products (n = 5,957) were analyzed and their results reviewed recently. Notably, the microscopic authentication of commercial herbal products have reported a much higher adulteration rate (41%) but the number of analyzed samples was considerably much smaller (n = 508) which can be a possible bias of this finding (Ichim et al., 2020).
As it was previously reported by many peer-reviewed reports (Hoban et al., 2018; Seethapathy et al., 2019; Amritha et al., 2020; Anthoons et al., 2021; Palhares et al., 2021), irrespective of the authentication method, adulterated commercial HPs are geographically present across all continents (Supplementary Table S1). Moreover, this highly relevant category of commercial products was found to not comply with the labeled botanical ingredients in proportions almost identical (26 ± 2%), irrespective if they are traditionally used as herbal medicines, as commonly found in Asia, or overwhelmingly consumed as food supplements as in Europe or North America. These two main categories of herbal products commercialized in the global marketplace have many types of value chains (Booker et al., 2012), with some different stakeholders and entities along their shorter or more complex trade chains. Nevertheless, the end-users of both systems seem to be equally affected by non-authentic, accidental contamination or fraudulent substitution of labeled botanical ingredients and even the addition of compounds in an attempt to fool quality control testing e.g. as in adding food dyes to H. perforatum in order to achieve higher UV spectroscopy readings (Booker et al., 2018). Indeed, although monographs for herbal raw materials (e.g., Ph. Eur, USP) allow a minor presence of foreign organic matter (Parveen et al., 2016), the adulteration patters documented by employing different chemical methods, are very diverse and most of them are made possible only by the intentional, economically motivated and fraudulent actions of onerous producers or traders.
The total absence of labeled botanical ingredients and/or their extracts from the commercial herbal products tested was detected by using chemical methods. Commercial samples devoid of labeled botanical ingredient species (Carlson and Thompson, 1998; Ardila et al., 2015; Geng et al., 2019; Zhu et al., 2019) or not even substituted with their related species (Wan et al., 2016). An easy way to increase the profit margin of the products was the use of cheaper plant material as it was the use of other plant parts than the ones recommended, labeled and expected by the product’s users, senna (Senna alexandrina Mill.) stems substituted with leaves and midribs (Kojima et al., 2000), Panax ginseng C.A.Mey roots with other plant parts (leaf or stem) (Govindaraghavan, 2017), or Panax notoginseng Burkill F.H.Chen roots with flowers (Liu et al., 2015). Another similar deceptive adulteration strategy was the reported use of extracts obtained from plant parts other than the recommended ones, such as the decoction of the stem bark to substitute the genuine “jatoba” sap products (Hymenaea stigonocarpa Hayne, Hymenaea martiana Hayne) and the adulteration of Aquilariae Lignum Resinatum (Aquilaria sinensis (Lour.) Spreng) products with cheap resin (e.g. rosin) (Qu et al., 2017). The economically motivated adulteration includes also the use of unlabeled filler species as the DNA of species such as rice (Oryza sativa L.), soybean (Glycine max (L.) Merr.) and wheat (Triticum spp.) was previously identified in commercial herbal products (Newmaster et al., 2013; Ivanova et al., 2016). Yet, the TLC alone was able to detect the fraudulent use of soybean oil as filler in “copaiba” (Copaifera multijuga Hayne) oil-resin products (Barbosa et al., 2009).
The detection of unlabeled species with allergenic potential and known or suspected toxicity was previously reported by the use of DNA-based authentication techniques (Newmaster et al., 2013; Speranskaya et al., 2018). The same potential was shown by the phytochemical analyses which have been able to unmask the presence of unwanted and hazardous botanic ingredients, such as species that should have been notified to authorities (e.g. Ilex paraguariensis A. St-Hil., Epimedium spp., Tribulus terrestris L.), or forbidden toxic plants (e.g. Aristolochia fangchi Y.C.Wu exL.D.Chow and S.M.Hwang) (Deconinck et al., 2019) or even health hazardous contaminations, with Digitalis lanata Ehrh. added to plantain (Plantago major L.) products (Slifman et al., 1998). Moreover, as peanut allergy is a major public health concern and can be severe or even life-threatening (Gray, 2020), chemical methods have proved able to detect adulteration with the peanut skin extract of grape seed-containing herbal products (Vitis vinifera L.) from Australia (Govindaraghavan, 2019) and United States (Villani et al., 2015).
All the intentional adulteration practices documented and reported repeatedly till now (Li et al., 2008; Ichim, 2019; Xu et al., 2019; Ichim et al., 2020; Upton et al., 2020) can be evidenced by peer-reviewed reports referring to the top selling herbal products containing highly valued or widely used medicinal species across countries and cultures. The prices of ginseng herbal medicines and supplements vary widely based on the species, quality, and purity of the ginseng, and this provides a strong driver for intentional adulteration (Ichim and de Boer, 2021). Indeed, several chemical methods were able to identify ginseng products totally or partially devoid of the labeled P. ginseng plant material (Mihalov et al., 2000; Yang et al., 2016) and prove that, in most cases, labeled Panax species were substituted with other Panax species (Li et al., 2010; Yu et al., 2014; Dong et al., 2020), but also the substitution of ginseng root with leaves, stems or flowers (Liu et al., 2015; Govindaraghavan, 2017). Notably, chemical analysis was even able to detect the adulteration and substitution of wild with cultivated ginseng (Zhao et al., 2015) as well as a white ginseng products (P. ginseng) not composed of 6 years old ginseng radix only (Li et al., 2010).
Studies carried out at UCL School of Pharmacy, London have consistently shown that product adulteration is commonplace, with 25–40% of products typically being found to be of poor quality or adulterated, and especially with products obtained via the internet. Although with products that have been registered as Traditional Herbal Medicines under the Traditional Herbal Medicinal Products Directive (THMPD), no adulteration has so far been found and these products have shown to be of acceptable quality (Booker et al., 2016a; Booker et al., 2016b; Booker et al., 2018). This does not necessarily mean that all non-registered products (e.g. food supplements) are of poor quality but the problem being that it is difficult for the general public to be able to reliably discern high quality products from inferior ones. Organic certification provides some assurances regarding traceability, including origin, cultivation methods and manufacturing practices and so until more formal regulations are introduced for these food supplement products, buying organic may be the best option.
The many cases of substituted or adulterated herbal products purchased from a very high number of national marketplaces, where the labeled botanical ingredients did not match the chemically identified ones are, unfortunately, accompanied by other low-quality issues which additionally affect the safety and potential efficacy of commercial herbal products. As many as forty-one peer reviewed research articles, which have reported a case of adulteration among analyzed commercial samples, have also reported other quality issues which further lower the overall quality expected by their users and consumers. Additionally, another nineteen studies reported quality issues of the tested products without identifying any proof for their botanical identity adulteration. For the majority of herbal products reported, considerable variability of their labeled metabolic profile and/or content, such as the alkaloid content of “ma-huang” (Ephedra sinica Stapf) products (Gurley, 1998) or Menispermi Rhizoma (Menispermum dauricum DC) products (Liu et al., 2013b), selected triterpene glycosides and phenolic constituents in black cohosh (A. racemosa) products (Jiang et al., 2006) or the PAC content of cranberry products (Turbitt et al., 2020). Furthermore, aside of significant product-to-product variability, the marked differences of the content of individual flavonoids/flavonolignans in milk thistle (Silybum marianum (L.) Gaertn.) products have revealed quality difference also between different batches by the same manufacturers (Fenclova et al., 2019).
The peer-reviewed authentication results and the methods which were successfully employed to analyze commercial herbal products and significantly contribute to a better understanding of authenticity issues affecting the herbal industry and provides an as close-to-reality possible picture of the commercial herbal products’ authenticity as well as examples of techniques to be efficiently and accurately used for their authentication.
It is clear that chemical analysis alone can only identify existing problems. In order to prevent these problems from arising in the first place, better governance needs to be implemented along all stages of the supply chain. Regulation can help with this process but resources are scarce and real progress on quality is more achievable through having closer and more focused co-operation between the regulators and the producers, manufacturers and retailers of herbal products.
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chebua, Terminala
chebuia var. tomentella
herbal materils of
Frtilarize Thunbergi
Bubus from local
markets / Ftilaria
thunbergi

white ginseng products
racix siced materia,
powder, capsules) /
Panax ginseng

511 concentrated
extact products
(prepared from diied
roots) from different
companies / Scutellria
baicalensis

white *Kwao Krua"
‘products from Thailocal
markets, drugstores /
Pueraria candolei

Garcina atrovidis
products (capsules)
from market / G.
atrovicis

*Ya dok knao" smoking
cessaion tea product
rom local market /
Cyanthilium cinereum
chamomile products
tea bags, buk or
packaged crude
fowers) from food
stores, bazaar /
Matrcaria chamomita
Ginkgo products
fexracts) from local
phamacy, local
markets / Ginkgo bioba

*okalptus" products
lleaves, essential ois)
from herbal shops /

Eucaltus globulus

tumeric products
{capsules, tablets, soft
ek, powder, extracts)
from stores, interet /
Curcuma fonga

St Jon's Wort
products (tablets,
‘capsules, powder) from
internet, pharmacies,
stores / Hypericum
peroratum

Sedum roseum
products (oot and
hizome powders) (hard
capsues, soft gel
capsules, tables) from
retail outets, internet /
S. roseum

Ginkgo food
supplements (tablets,
hard capsules, caplets)
from heaith food stores,
supermarkets,
phamacies, inernet/
Ginkgo bioba
American ginseng,
white Asian ginseng,
‘sanchi ginseng samples
from importing
‘companies / Panax
ginseng, P.
quinquefolus, P.
notoginseng

herbal tinctures from
health shop / Echinacea
purpurea, Hypericum
‘perforatum, Ginkgo
bioba, Vaeriana
offcinalis

herbal product
(capsules) / Equisetum
anvense

herbal product (tea) / E.
anvense

herbal product (iea)/ €.
anense

bitter orange products
{iablets, capsules, gel-
containing capsules,
diink powders) from
‘online / Gitrus aurantium
Echiacea preparations
{abet, caple, capsule,
liquid, powder, granule)
from health food, drug.
and grocery stores / E
purpures, E.
angustiola, €. palida
herbal supplements
{oose powders,
capsules, tablts, iuid
extracts, dried frit
forms) to contain
cranbery, ingonbery,
biberry. or blueberry
from local stores or
interet / Vaccinium
macrocarpon, V. vits-
daca, V. myris, V.
conmbosum
‘goldenseal products.
(dried material, extract,
freeze-cried material)
(capsules, tinctures,
powdered buk
materials, tea bags)
from oniine / Hydastis
canadensis

black cohosh products.
(powder, dried extract,
Tiauid extract)(capsiies,
tables, soft g, drops)
from local stores o
Intermet / Actaea
racemosa

ginkgo products
(iblets, capsules.
‘caplet)from health food
stores, supermarkes /
Ginkgo bioba

“buchu products
(whole eaves, powders,
capsules, tea bag) /
Agathosma betuina
yohimbe produots
(powder, caplt,
capsules, iuid,
powdered drink mix)
from retail health food
outets / Pausinystalia
Johimbe

ginseng preparations
from the genera Panax
or Bleutherocoocus
from local health food
store / P. ginseng, P.
quinquefolus, P.
notoginseng, E.
senticosus

German chamomie,
Roman chamomile and
Juhua products (crude
drugs, capsules, tea
bags, crude drugs
mixed with other plant
materials, powder,
extracts) fom
supermartets, local
retai pharmaces, online.
/ Maticaria chamomila,
Chamaemelum nobie,
Chrysanthemum
moriolum

grape seed powder
products (capsules)
from vitamin
supplement retaiers,
supermarkets, online /
Vit viniera

gingko products (leaf
extracts) flom food
supermartets, local
retai pharmacies, onine/
Ginkgo bioba
Ameican and Korean
ginseng products (fesh
o ciied roots)
{powders, capsules.
tablets) from local and
national herbal health
care stores / Panax
ginseng, P.
quinquefolius

black raspberry
products (freeze-clied
‘whole and pre-ground
powders) (capsules,
extract, iquid) form.
interet / Rubus
occidentals

mik thistle products
(capsules with dried, o
based extracts) from
market / Siybum
marianum

black cohosh products
(cy extracts, powdered
plant materia)
(capsules, tablets) from
phamacies, interet /
Actaea racemosa

Aloe vera products /
Ale vera

Tinospora products
from intemet (capsules,
‘caplets, granie,
powder) / T. crspa, T.
sinensis

siulcap and Chinese
siuilcap based dietary
supplements flom
interet / Scuteflaria
laterifora, S. baicalensis
“guarana’ products
{dred seeds, dried
paste, seed powders,
tablets, capsule) from
local healthfood outets,
manufacturers, intemet
/ Paulinia cupana
Hoodia gordoni
products (gels,
capsues, tablets,
sprays, teas, snack
bars, powders,jices) /
H. goroonii

saw paimetto products
soft and hard gel
capsues, tablets,
tinctures) fom retal
outlts, pharmacies /
Serenoa repens

St. John's Wort (herb/
aerial parts, extracts)
products from market,
online / Hyperioum
perforatum

goldenseal products
(capsules, raw, tea bag,
liquid extract) rom local
retailrs or intermet /
Hycrastis canadensis
*yohimbe' products
(bark cut and sifted
pieces, powders) fom
online / Pausinystalia
johimbe

black cohosh products
(extracts, powdered
plant materia) (tablets,
capsules) from stores /
Actaea racemosa

pure Hoodla gordoni
producs from the
market / H. gordoni

goldenseal products
(roov/hizome)

(capsules) from intemet
/ Hydrastis canadensis

cranbery products
(powders, concentrate,
it solds) from
‘common vendors or
interet / Vaccinium
macrocarpon
*marhuang’ products
from local retaiers,
intemet / Eohedra sinica

standardized (24/6)
ginkgo products (leaf
extracts) from suppliers
/ Ginkgo bioba

Vangueria agrestis
products (extracts) / V.
agrests

American ginseng
products from
supemarkets / Panax
quinquefolius

Afican mango products
from interet / ivingia
gabonensis

Echinacea products
(tablets, capsules,
powder) / Echinacea
pupurea

plantain products
(tablets) / Plantago
major

black cohosh products
from health store,
marketplace / Actaea
racemosa

passion flower products
(capsules) from oniine /
Passiflora eduls.

feverfew extracts.
(capsules, drops) /
Tanacetum parthenium
herbal products (tea,
‘capsules) / Equisetum
anvense

goldenseal products
root powder) rom buk
supplers / Hydrastis
canadensis

gnseng produets (auid
extract, capsules) from
alocal nutrional store /
Panax quinquefolius, P.
ginseng, P. notoginseng
Afcan mengo sample
{powdered seeds) /-
Irvingia gabonensis
American skullcap
(freeze-dried) product /
Scutellaria laterifiora
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complete substtution or
heavy aduteration,

‘possibly with peant skin
extract, Pinus massoniana

{or other Atype
procyanidin-containing
species)

wa

aduteration with flavonol
aglycones, kel with
Styphnolobium japonicum
wa

aduteration/
‘contamination with
unlabeled ingrecients: A,
fangai forbidden), I
paraguarensis,
Epimedium spp., .
terestris (all should be
notified to authorites), P.

Johimbe
na

wa

na

non-authentic

difterent from the
reference Smilax sp.

substtion and
aduteration with
soybean o

wa

‘complete substitution or
adulteration with
Hancomia speciosa

not containing claimed B.
forficata

probably achieved by a
decoction o the stem
bark or other sources

possible substitution with
plants from the same
family and/or
contamination due to
adition of similar other
plants parts o the
commercial one.

wa

aduiteration with

"Decalepis hamitonii and
Pteridium aquiinum

substitution with
Tinospora sinensis

P. ginseng products
‘adulterated (weak

chvomatographic peaks,
and several marker

‘compounds were not
detected)

substitution with Pinelia
pedatisecta

subsfituion with S.
aphenanthera

adulteration and
substitution of wid with
cultivated ginseng

‘substituion with B,
longiradiatum, 8. bicale,
B. fakcatum, B,
margiatum var.
stenophylum

did notshow the presence
of any monacoins
analyzed

na

‘adulteration vith P,
ginseng

na

na

‘substitution with other
Uncaria sp. or uniabelled
‘mixtures with the five
offcialy accepted
Uncaria sp.

the source plant is not C.
speciosa

substitution or
adulteration with
unlabeed F. ussuriensis

counterfeit (most of the
important marker
alkaoids could not be
detected)

wa

substitution with
Astragalus tongonlensis

‘adulteration with greentea
(Camelia sinensis)

substitution or
adulteration with P,

ginseng

‘adulteration, possibly with
flower material of P.
notoginseng

‘substitution with
lophanthoides var.
gerardianus

‘substituion with P.
quinquefolus, Platycodon
grandiforus, Physochiaina
infundibularis, Phytolacca
acinosa

o Isodon sp. materia,
aduiteration and
‘substitution with
unlabeled plant species.

‘adulteraton (the rutn
content was
uncharacterstically high)

na

it or diferent resin
‘components

Aduteration with other
kind of wood (possibly
Gonystyius spp), and by
adding cheap resin (.-
rosin)

substitution with
lepidopteran larvae.
infected by
Metacordyceps tai.
‘substitution with Sophora
japonica extracts

na

adulterated with other
species, some labeled
‘species missing those of
the formua

na

P. ginseng leaf or other
plant parts, P.
quinquefols roots

P ginseng leaf or other
plant parts

leaf/stem

adulteration

substitution

na

na

adulteration with
anthocyanins extracted
from other berries (black
mulbery, chokeberry,
‘blackberry)
‘misidentifcation of theraw
‘material

‘adulteration with Morus
nigra extract

na

‘adulteration with a root
extract from a Rawolia
p. (indole alkaloids)

adulecaton with an
extractfrom aRauwolfasp
incle alkaloios)

wa
substitution with berries:
diflerent from V. myrtilus

misiabeling, adulteration

‘adulteration,
contaminated with V.

negundo

adulteration with senna.
leaves and midribs

substituion with Panax
ginseng.

substituion

substitution

subslitution

substitution, adulteration

wa

adulteration with
Mangitera indica gum

wa

aduleraton probably with
‘Sophora japonica (it or
flower extracts)

substituion

‘substitution with other
Hypericum sp. or did not
‘contain Hypericum
species in detectable
amounts

na

substitution or
adulteration with
unlabeed Echinacea sp.

wa

wa

na

substituion with T.
chebula var. parvifora

na

not composed of 6 years
old ginseng radix only

wa

na

substituion

na

aduleraton (possioly witn
Anthemss spp.,
Tanacetum sp. and
Chrysanthemum sp)

na

‘substituion with £
camaldulensis

absence of C. longa

‘adulteration (possibly with
other Hypericum sp.
obtained from China or
use of chemically distinct
H. perforatum cultvars or
chemotypes)
substituion, adulteration
with other Ahodiola sp.
(eg. R crenuiata)

‘adulteration (not in
‘compiance with their label
‘specification)

wa

na

o Equisetum sp. material
(70 TLC chromatogram)

aduiterated with E.

palustre.
na

na

aduiteration, substitution
with unlabeled Echinacea

sp., no measurable
Echinacea

adulteration and
substitution with
Vacainium sp.

‘adulteration with Berberi.

wuigars, . aquibium,
Coptis. chinensis.

not containing A.
racemosa material

na

not containing labeled A.
betulna or A, crenviata.

not containing yohimbe
‘material

na

subsfituion (not
‘containing the labeled
chamomill species) did
notcontain any detectable
voltie components

na

adulteration with peanut
skin extract

wa

devoid of ginseng materal

na
possible substituion with
lackberry (Rubus spp.)

na

sublitution and
aduiteration with C.
dhurica, C. foetida
na

wa

substituion with T.
sinensis

substituion with .
baicalensis or Teucrum
canadense

substitution (devoid of P
cupana materia)

substitution (1o H.
gordonii detected, other
botanicals present)

na

adulteration (possible:
mixtures with H.
undatum)

na

‘adulterated, yohimbine
not detected

substitution and
‘contamination with Asian
Actaea species

substitution with H.

panvifiora, contamination

na

‘adulteration (with extracts
from other plant species)

na

‘adulteration (possibly with
‘sophora extracts)

adulteration

‘substituion with P.
ginseng

substitution (do not
‘contain detectable
‘amount of authentic

‘material)
adulteration

‘contamination with
Digiais lanata

‘substitution with
Cimicituga foetida

na

wa

na

‘aduiteration, possibly with
Copis root or barberry
bark

na

‘contamination or
‘adulteration with goi berry
(Lycium barbarum)

wa

Authentication
method /
‘marker
(if reported)

RP HPLC-UV-MS /
catechin, epicatechin,
procyanidin B2, procyanidn
A2, rape seed oigomeric:
proanthocyaniding

RPHPLC, LC-MS / flavonol
aghyoones (auerceli,
kaempferol, isorhamnetin)

FT-MidIR, HPLC-DAD,
Loms

HPLC-DAD, HPLC-MS

HPLC-DAD-ELSD,
HPLC-MS,

HPLC-PDA. HPLC-MS.

GC-ID / essential of

TLC / flavonoids, saponins,
terpenoids, steroids,
catechins

e

TLC / 3-0-methy-quercetin

HPLC-UV/PDA, MCR-
ALSPCA

HPLC-MS / flavonoids,
procyaniding

FTIR, 1H NMR

TLC/ caffeic acid, iscorientin
and swertiajaponin,

o-hydroxycinnamic acid
derivatives
H-NMRHCA

TLC, HPLC /
tenacissoside H

LC-MS / ginsenosides

HPLC-DAD, HPLC-MS, LC-
MS / triglochinic acid

LC-DAD-MS, TLC, HPLG /
‘schisandrin, anwuignan

1H NMR-PCA / sucrose,
glucose, arginine, choline, 2-
oxoglutarate, malate,
gnsenosides

HPLC-ELSD, HPTLC /
sakosaponins

UHPLC-DAD-GTOF-MS /
monacoiins, ctriin

UPLC/Q-TOF-MS /
ginsenoside R, 24 (R)-
pseudoginsenoside F11

UPLC/Q-TOF MS / akaloids

HPLC-DAD / quiric acid,
malic adid, protocatechuic
acid, shikimic acid,
chlorogenic acid

UPLC-QTOF-MS / steroidal
alkaloids

UPLC-DAD-MS / alkaloids.

UPLG/QDa-SIM/ fsaponins,
quinochaicone.
C-gycosies,

16 0-gycoside, phendic
acid, pathaides

HPLC-UV / soflavonoids

UHPLC-UV-MSMS /
organic acid dervatives,
flavonoids, titerpene
‘saponins

UHPLC-TOF/MS/ OPLS-DA
/ ginsenosides

UPLC/Qtof MS/ PCA /
notoginsenosides,
‘ginsenosides, 205+
‘ginsenoside Rn1,
‘gypenoside XVII

HPTLC / 20-0-p-D-
gluooside-12-en-28-ursolic
204, 20, 19a-diycrony-12-
en-28-ursoic acid, 2a-
ycoxy-12-en-28-ursolc
acid, ursolic acid

FT-NIR

UPLC-ESI-QTOF-MS.

HPLC(EISYMS / flavonol

giycosides, terpene
riactones, flavonol

‘aglycones, biflavones

HPTLC, 1H-NMRPCA

FT-R, SD-R, 2D-R

FT-R, 20-R

HPLC / cordycepin,
‘adenosie and other
nucieosides

HPLC / quercetin/
Kaempferol ratio, ginkgo.
flavone glycosides
(quercetin, kaempferol,
isorhamnetin)
H-NMR/PCA

GC-MS, HPLC/ essential o,
polyphenols, flavonoids

HPLC, GO-MS / sennoside.
A, esculetin, scopoletin
volatle oi

HPTLC, HPLC /
ginsenosides

HPLC-UV, LO-MSMS /
flavoncids and terpenes
lactones (ginkgoides,
biobaide)

1D/2D NMR/PCA

1H NMR / (-)-hydroxycitric
acid, (-)-hydroxycitic acid
lactone

HPTLC, HPLC / 183
ghyeynhizic acid

HPLC-DAD, FT-NIRPCA /
anthocyanins and the
respective aglycones.

HPLC-UV/Vs, Orbitrap LC-
MS / anthocyaning

UPLC-DAD-Orbitrap-MS-
PCA/ anthooyanin,
epicatechin/catechin,
procyanidin A2total
procyanidin, procyanidin/

anthocyanin ratios
GC-MS / constituents of

volatie o

HPLC-DAD-MS,
HPLC-MS, NMR

HPLC-ESHTMS, NVR

LC-MS / anthooyanins

HPLC-PDA / sennoside A,
aloe-emodin, emodin, rhein,
chrysophanol

HPLC-PCA, quantiative
determination of chemical
marker compounds /
‘agnuside, castiin

TLC, HPLC / senoside A,
semoside B

HPLC-DAD / dleutheroside
B, eleutheroside E,
isofraxicin

HPLC, 2DE / protein marker
(A, eurycomanone

2DE / protein markers (A, B)
(~14kDa)

HPLC-DAD / eurycomanane

1H-NMR/PCA /
hepatodamianol

TLC, spectrophotometry,
FTIR / anethole, barbaloin,
xylose, galactose, gingerol-
1, gingerol-2, 6-gingerol,

ghycerihitic acid, curcumin

NMR

HPLC / phenolc acids
(galic, caffeic, syringic,
p-coumaric, feruic),
flavonoids (rutin, myrietin,
quercetin, kaempferol)
ATR-FTIR, iPLS-DA / run,
quercetin, kaempferol

TLC / rosmarinic acid

TLC, HPLC-MS / nitn,
hyperoside, hyperforin,
hypericin

HPTLC / echinacoside,
cynarin, cichoric acid,
chlorogenic acid, caffeic:
acid, cafaric acid

HPLC, UPLC-DAD-ESHT-
TOF-MS / lobetyoln, ononin

HPLG / cyanidin-3-O-
‘sambubioside, cyanidin-3-
O-glucoside

HPLC / tannin-related
constituents.

HPLC-UV / peimine,
peiminine

1H-NMR/PCA/CA

HPLC / baicaln, baicalein

HPLC/ soflavone
glycosides (puerarin,
daicin genistin,
isofiavones (daidzein,
genister)

CZE / hydrorysitic acid and
hydroxycitric acid lactone

HPTLC/ trterpencid
‘compounds (3-amyrin,
taraxasterol, lupedl, betuin)

HPLC, HPTLC - PCA, HCA/
apigenin 7-O-glucoside

LC-MS, HPLC-DAD /
ginkgolides, flavonoid
aglycones.

TLC / essential oils

H-NMR/ PCA, HPTLG /
curcumin . piperine, (S)-ar-
Turmerone

HPTLC, 1H-NMR/ PCA

HPTLC, MS, THNMR /
rosavin, salidroside

1H NMR/ PCA, HPTLC /
flavonoids, terpene lactones.

LO/MS/MS / malony-
gnsenosides

H-NMR, MS / hyperforn,
hypericin, ginkgolc acds,
terpenelactones ginkgoides
AB.adC

LG /kaempferol gucosides

LC-MS/MS /
phenethylamines
(symephine, octopamine,
tyramine, N-methytyramine,
hordenine)

TLC / cichoric acid,
eoninacosde

HPLG/DAD / anthocyaning
(eyanidin-3-glucoside)

LC-MS/PCA / berberine,
hydrastine, canadine

UPLC-PDA, UPLC-MRM /
VoG and Voa markers,
caffeic acid, feruic acd,
isoferulc acid

HPLC / flavone glycosides,
terpene lactones, ginkgolic
acids

HPTLC / rutin, chiorogenc
acid, kaemperol

GCMS / yohimbine HCI,
ajmaiine, corynanthine

LC-MS, HPLC / ginsenoside
(Ro1, Rb2, Rc, R, Re, R,
Rg1), eleutheroside B

and B

GC/MS, PLS-DA/ volatie
‘compounds (b-Famesene,
‘arbisabolol oxide A, B)

HPLG/UVMS, LC-MS, TLG
/ proanthocyanidin B-type
dimers

GC/MS, LO/MS, UHPLC/
WS / ginkgolic acids.
terpene triactones, flavonol
ghycosides

RP-HPLC / ginsenosides
(R, Rot, Ro)

HPLCIDADMS /
anthocyanins (cyanidin-3-
gucoside)

U-HPLC-HRMS / siymarin
flavonoids, flavonolignans.

LC-MS/MS / actein, 23-epi-
26-deoxyactein

1H-NMR / ricotinamide

UHPLC-PDAMS /
flavonoid, alkaloids, amid,
diterpenoids

FIMS/PCA / baicain,
verbascoside

LG/ theabromine,
theophyline, caffeine,
catechin, epicatechin

HPTLC / pregnane
ghycosides
(hoodigosides, P57)

GC, H-NMR/PCA /
‘quantification of fatty acids

HPTLG / rutin, hypericin,
pseudohypericin

HPLC / berberine chioride,
G-b-hydrastine

UPLC-UV-MS / yohimbine

TLC, HPLC, LC-MS /
riterpene giycosides,
phendiics

1HNMR / P57,
hoodigoside L

LC-UV, LC-MS / berbeine,
‘canadine, hydrastine,
coptisine, paimatine,
Jatrorrhizine,
dihydrocoptisine

1H-NMR / titerpenoids,
organic acids, total
proanthocyanidin and
anthooyanins

HPLC / ephedrine-type
alkaloids

HPLC-DAD / favone
gycosides

HPTLC / saponins,
flavonoids, phenolics, ridoid

HPLGHCAPCA / ginseng
‘saponing

UHPLC-PDAHRMS /
ellagic acid, mono-, di, tri-
O-methyi-ellagic acids and
their glycosides
HPLC-CAD

Kedde reaction, TLC, LC-
MS / cardiac glycosides.
(anatosides A, B, C, digoxin,
digtoxin)
HPLC-PDAMS/ELSD /
(riterpene giycosides,
phenoic compounds)

UPLC-UV-MS, HPTLG /
flavonoids, harmane-
carboine alkaloids

LC-WVALGMS /
parthenoide

LG /keempferol gucosides

LC-MS / alkaloids
(berberine, hydrastine,
canadine)

UPLC/QTOF-MSPCA /
(ginsenosides,
pseudoginsenosides,
‘gypenosides,
notoginsenosides)
HPLC-PDA, LCAT-MS, 1H
NMR / pyrrole akaloid

HPLC / flavonoids oaicalin,
baicalein, wogonin)

Additional
quality
issues

detected

not reported

contained genistein, an
isoflavone that does not
‘occur in ginkgo leal

P. yohimbe or T. temestris
not identified in some

products although
claimed on the label

not reported

not reported

‘adulteration with sidenail

intensity of the peaks in
most of cases was
different

ot reported

lerge variations in the
percentage of flavonoids.
(quercetin)

not reported

not reported

na

not reported

Variable quantity of some
marker compounds.

ot reported

TSH contents (0.39-
1.00% larger than that
reguiated in the Ghinese
Phamacoposia (0.12%)
in few products markers
for PG not detected,
signais for PN
(ginsenoside R very
weak

not reported

not reported

ot reported

great variation in the
‘content of the major
sakosaponins

na

lerge variations (20-40
fold) in quaniity and
qualty of monacolin K

ot reported

not reported

the relative contents of
‘each component may
vary in some of the
samples

loss of specific features,
possbly resuited from
different processes of
different manufacturers

discrepancies among the
samples of ifferent
origins the contents of
the nine akaloids varied
geaty)

low content of some.
markers in a fow
products possioly
‘caused by diferent
preparation process o
use of poor-qualty drug
materials
totalisoflavonoids
‘content varies
considerably

ot reported

na

not reported

not reported

not reported

na

ot reported

low content of typical
H.p. compounds.
‘apparently due to higher
‘amount of woody
materal

not reported

na

not reported

not reported

considerabe ifferences
in the products
compositon (e.g.
flavonois),inter-product
and inter-batch variaion
some of the herbs used
are exhausted

not reported

not reported

not reported

large variation in the
content of
-hydroxycitric acid; only
‘one product contained
‘quantifiable amounts of
(-hydroxycitic acid
lactone

not reported

the amount of
anthocyanins in the
bibeny extracts in the
range 18-34%

only one product
‘complied the ciiteria of
good preparation,
respected their uniformity
of dosage, and contained
V. macrocarpon

‘only one product
provided the daiy dose
deemed effective for
treating a urinary tract
infection

possie presence of
bitter fennel or, for the.
powdered materia, the
presence of other parts of
fennel

na

na

marked composition
difierences

ilegal adulteration with
sibutramine

poor formulation qualty

the amount of
sennosides ranged from
02-11mg

not reported

the amount of the
markers detected varies.
‘among the products

not reported

none of the products met
the offcilly required
minimum concentration
of eurycomanone
differences in the
chemical components

all the samples of
Plantago ovata do not
‘comply with the,
phamacoposial
standard

na

not reported

large amounts of
quercetin and kaemplerol

not reported

not reported

products totally devoided
of any Echinacea sp.
material

ot reported

ot reported

ot reported

product with low total
‘content of peimine (not to
be used cinicaly)

not reported

significant product-to-
product and batch-to-
batch variation of the.
marker compounds

not reported

ot reported

not reported

ATG content in diferent

tea brands ranged from
043.0.80 mg/g

total flavonoids and
ginkgoides higher in
mediicinal products, no or
very lte flavonoids in
food supplements

significant qualty
Variation between
‘samples

significant compositional
variation among
‘commercial fiished

products, adulteration
with food dyes

lower rosavin content,
substiution with 5-

hydroxytryptophan

variable qualty (diferent
from that described in
phamacopoeas)

ot reported

ot reported

not reported

very few appear to meet
aims for ther label
‘concentration
dedlarations.

variabiity in chemical
‘composition

wide variaton of the
‘anthocyanin content

ot reported

not containing the full
‘spectrum of plant
chermicals after
preparation process.

relevant composiional
difierences, particuiarly
with regardito the content
of ginkgolc acids

not reported

‘containing only trace
‘amounts of yohimbine,
largely devoid of the other
aliloids, possible
presence of undedlared
diuents

product-to-product
variabilty inthe amount of
ginsenosides o
‘eleutherosides present

ot reported

wide degree of varabilty
in chemical composiion

ot reported

not reported

wide range of
anthooyanin
‘concentration

marked differences i the.
content of individual
flavonoids/
flavonolignans, even
within diflerent batches
by the same
manufacturers

not reported

differences among
products (possible
deacetylation)

not reported

very low S. laterifora
‘concentration

possible fortication with
synthetic caffeine and
dilution with inert
ingredients

not reported

inaccurate labeing of
fatty acid content

not reported

wide range of content
varition for hydrastine
(0.00-2.51%) and

berberine (0.00-4.35%)

products range widely in
yohimbine content
©01-091%)

significant product-to-
product variabilty in the
amounts of the selected

triterpenc gyoosides and
phenolc constiuents
ot reported

not reported

substantially variation of
the metaboic profie,
slightly lower PAC
‘content may be caused
by removal during
manufacturing
‘considerable variabiity in
alkaloid content (EPH
1.08-13.54 mg) and lot-
to-lot variations in EPH
of 137%.

high levels of quercetin
and kaempferol

ot reported

not reported

trace constituents of
reguiar mango seeds

ot reported

ot reported

product inadequately
manufactured
(overeating)

not reported

ot reported

not reported

not reported

ot reported

na

not reported

Botanical/
chemical

reference
materials/
standards

V. viniera (seeds, seed
extracts), A. hypogaea,
P. massoniana, P.
pinaster, V.
macrocarpon, T. cacao
(extracts)

authenticated samples
of dried Ginkgo bibba
leaf ffom commercia
supplers

reference materil o the
fve plant speces
(eaves, bark, fuis)

‘commercial P. eduis
(i extract) European
Pharmacoposia)

‘commercial dry plant
extracts of F. purshiana,
P eduls, C. monogyna
(Ewopean
Pharmacoposia)

sefi-made titurations in
three different botanical
matrices from reference
standards of Epimedium
‘spp. leaves, P. johimbe
bark, T. terrestrs frit
authenticated samples
of B. trimera (aerial
parts, leaves) / standard
ol of B trimera
(extracted)

authenticated reference
material (100ts) of S.
brasilensis, S.
campestrs, S.
cissoices, S.
Huminensis, S.
goyazana, S.
oblongola, S.
nlescens, S. polyantha

reference C. muliuga
olresins, prepared
mixtures of soybean oi
‘and copaiba oil resin
B. timera reference
‘samples / Braziian
Pharmacopoeia (BP)

authentic samples of
fanaguba’ latex,
mango tee atex sample:

B. foricate, B. 1. var.

longilolia authenticated
leaves.

H. stigonocarpa, H.
martiana authenticated
‘sap and stem bark

samples
M. iciofia control
sarmple from the open
market, in the selected
natural form, recognized
by “herbal trackers"

Braziian
Pharmacopoeia (BP)
5th edition

reference samples of
known provenance of P
‘aquiinum, Smilax
avistolochitoia, D.
hamitoni, H. indicus

genine M. tenacissima
herb

authenticated ginseng
crude drug samples:

authenticated batches.
of Pineliae rhizoma and
Pineliae pedatisectae
thizoma / extracted and
puriied trigiochinic acid
authenticated batches
of batches of Wuweizi
and Nan-wuweizi,
reference crude drugs,
in-house prepared
mixtures

wa

authenticated samples
of B. chinense, B.
scorzonefofum, B.
falcatum, B.
longiradiatum, B.
bicaule, B. marginatum
var. stenophyllum
RYR authenticated
samples.

sel-prepared samples.
with different contents.
(spiking the Asian
ginseng powder nto the
American ginseng
powder)
authenticated batches.
of five Uncaria sp.
(stems with hooks) /
isolated and identified
alkaloids

wa

authenticated batches.
o Friteria sp.

authenticated MR
batches from various.
drug stores / separated
‘and purified (from MR)
alkaloids

crude drug reference
materials Notoginseng
Radix et Rhizoma,
Garthami Fios,
Chuanxiong Rhizoma

wa

E senticosus leaf
samples colected flom
China / in-house UNIFI
Tiorary of
Eleutherococcus genus
and green tea extracts
34 white ginsengs, 23
red ginsengs, 30 P.
notoginseng and 21 P.
quinquefolus collected
samples

authenticated P.
notoginseng powder
samples

collected batches of L
lophanthoides

authenticated P.
ginseng samples

authenticated I
lophanthoides and |
sera plant material /
reference teas of many
plant species.

G. bioba leaves.
collected from different
habitats.

autnenticated
Fypericum sp. samples

standard ALR (the resin-
rich wood of A. sinensis

reference A, sinensis
sarmples, no-resinwood
of A. sinensis, authentic:
ALR samples

authentioated O,

sinensis specimens
collected in Tibet

wa

wa

reference herbal teas.
prepared from herbs
purchased from the
market

prepared standard
herbal mixtures

buk crude P. ginseng
dried root samples, P,
ginseng eat and stem

G. bioba herbal
medicinal product
(control)

taxonomically
authenticated samples
of S. asoca (oark,
flower, stem)
authenticated BAM
from eleven species of
Garcinia L.

vouchered, botanically
‘confirmed sample, raw
materials (whole,
‘chopped, or powdered)
of icorice oot /

United States.
Pharmacopeia (USP)
refined and
standardized dry extract
from the bilberry fit

European
Pharmacopeia

fruits and extract of
possble adulterants

‘commercal reference
‘samples of fruts of F.
wigare / European
Pharmacopoeia (1997)
monograph

purchased herbal
products and collected
plant material

wa

V. myrtitus reference dry.
extract

authenticated rhubarb
hizome.

reference standard of V.
agnus-castus fnit dry
extract

reference raw senna
material (stems, leaves)

specimens of £,
senticosus, £
sessilflorus and
‘congeneric species,
rude drugs from
markets / chemical
standards isolated from
an authenticated
‘commercial SG sample
puriied E. longilola
crude exract

standardized £
longioia root extracts

authenticated £
longioiia plant and five-
year-old root sample

authenticated T. difusa
‘specimens / purified
chemical reference
standard

(hepatodamianol)
wa

authenticated gum resin
‘samples of C. wighti
and M. indica

wa

standardized (24/6)
ginkgo extracts

. offcinals
‘authenticated botanical
extracts

authentcated reference
plant materal of H.
clogans, H, macuatum,
H. olympicum, H.
patuium, H. peroratum,
H.polphylm

reference botanical
standards: £ purpurea,
E angustioa, £.
palida (UPS)

raw plant material of P
ginseng, P.
granciforum, C.
lanceolata, P. montana
var. lobata

collected frutrinds of G.
gummi-gutta,
purchased G. indica it
samples

reference standards,
including some isolated
previously from 7.
chebula

wa

authenticated, oneto six
year-0id, fresh white
ginseng radix (P
ginseng)

wa

authenticated P
candole, Mucuna
macrocarpa, Butea
superba plant materal,
Kwao Krua crude drugs.
wa

C. cinereum, E.
sonchitla colected
Sampies, raw C.
cinoroum materids

wid and cultivated
varieties of chamornies,
chamomie-ie fowers
(Anthemis L., Belis L.,
Tanacetum L.,
Chrysanthemum L)
chamical rofrence
‘standards (ginkgolides
A, B, C, J), quercetin,
kaempferol, rutin
(isolated), isorhamnetin
(prepared by acidic
ycroyss)

E. camaldulensis, E.
globuius, E. grandis
reference plant material
 essential ois extracted
from the reference plant
materal

wa

SUW registered and
‘quantified products,
SUW EP Reference
Standard

. roseum crude drug
material, R, crenuiata
‘aqueous extracts

‘quantified and fcensed
Ginkgo extracts, G.
biloba leaf samples

authentic root samples
of P. ginseng, P.
qinquelolis, P.
notoginseng

wa

material deposited in
herbarium / characters
used in the Ewopean
Pharmacopoeia to
identity Equisetum sp.

wa

wa

verifid authentic fuit
with known anthocyanin
profies, anthocyanin
profies of small
authenticated frit
samples

reference materids (M.
canadensis, C.
chinenss, B. aquifblum,
B. vulgaris)/ canadine
reference (isolated and
purified from H.
canadensis)

‘authenticated rhizome/
oot materials from
different Actasa p.

EGb 761 extract

A betuina, A. crenulata
plant reference materia

authenticated jofimbe
bark

wa

authenticated C. nobie,
M. chamonill, C.
‘morifofum samples /
essential oil samples
obtained from the
authenticated plant
materials

authenticated grape.
‘seed extract, peanut
skin extract, pine bark
extract

G. bioba authenticated
‘and commercial plant

samples (leaves, seeds,
leaf extracts, sarcotesta)

wa

wa

reference dried mik
thistie extract

Cimicifuga Rhizome
(JP16) samples from
different companies

authenticated A vera
‘samples inner leaf
powder, decolorized
‘whole leaf freezing dried
powder), Aloe
acetylated
polysaccharides
reference standard
reference plant samples.
of T. crispa, T.sinensis,
7. baenzigeri

authenticated samples
of S. faterfora (aeial
parts)

authenticated guarana
‘seeds, dried paste

various Hooda sp. /
isolated chemical
reference standards

wa

H. perforatum extract
standard, H. undulatum,
H. montanum, H.
tetrapterum, and H.
hirsutum samples
authenticated crude
‘goldenseal powder

authenticated P
johimbe bark samples.

authenticated plant
material of Actaca
cimicitug, Actaea
dahurica, Actaea
yunnanensis
‘authenticated samples
of H. gordoni, H.
parvifora, H. ruschi, H.
curror / isoated
chemical reference
standards.

reference samples
(cied powders) of H,
canadensis (oot
Coptis chinensis (roo)

V. macrocarpon freeze.
dried fit powder,
‘whole cranbery fnits of
difterent cultvars

nprocessed £
lematolepis

certfied ginkgo extract
24/6, commercial
extracts of
Styphnolobium
japonicum
authenticated V.
agrestis samples (twigs
with intact leaves,
stems, roots)

standard P. ginseng, P.
notoginseng samples,
P. quinquefolius
samples from USA,
Canada, China

M. indica samples

Echinacea sp. (extracts,
root, herb)

wa

Actaea sp. plant
materal / authentic
Gimciuga chemical
reference standards
authenicated aeral
parts of P ects, .
vioacea, P. suberosa,
P. moriola, P.
quadkanguiars, soeds
of Peganum hamala
. partherium and T.
vlgare plant material

material deposited in
herbarium / characters
used in the Ewopean
Pharmacopoeia to
identity Equisetum sp.
Copis japonica root
powder, Berberis
aquibium root powder,
Cheldonium majus
herb, Berberis wulgaris
bark powder
authenticated ginseng
roots (P. quinquefolus,
P. ginseng, P.
‘notoginseng)

authentic sample of
Affican mango seed
powder, goj berres

S. lateriftora (aerial parts)
reference material
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