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Summary 
 

Traditional herbal medicines, inclusive of those originating from China, India and Korea, 

incorporate a wide range of plant species with beneficial properties that have conventionally 

been relied upon to treat ailments and disease. In recent years these medicines and 

treatments have gained popularity in the West as non-prescribed alternatives to conventional 

pharmaceuticals, as consumers are reportedly more comfortable taking products that are 

deemed natural, and assume that side-effects are less severe. Production of herbal medicines 

is often not strictly regulated, leading to a multitude of quality control problems that are 

difficult to identify once the plants have been processed into powders, tinctures and other 

preparations. Adulteration with morphologically indistinguishable species is a particular 

problem that can arise from mistaken identification upon harvesting, ambiguous taxonomy 

due to confusion between Latin nomenclature and local terminology, fraudulent substitution 

using less potent/valuable species, or masking of endangered species. As well as misleading 

consumers, adulteration of medicines can put consumers at risk of unknown chemical 

interactions with other drugs, and allergic reactions. 

 

Traditional approaches for identification of herbal products include chemical analysis and 

microscopy but the former may lack accuracy when species or population determination is 

required and the latter requires skills and experience that are increasingly scarce. Molecular 

DNA approaches for speciation can be capitalised upon to facilitate detection and 

identification of herbal species. This report outlines the major developments in molecular 

methods for species identification and their applicability for use with unknown or disputed 

herbal medicines. The increased availability of accurate species-specific DNA sequence 

information facilitated by the establishment of open-access databases has laid the 

foundations for DNA molecular approaches to impart specific, sensitive and reliable 

identification of herbal medicinal plants and their products. 

 

Herbal Medicinal Products and Traceability 
 

A herb can be defined as any plant “with leaves, seeds, or flowers used for flavouring, food, 

medicine, or perfume”
1
. Directive 2004/24 of the European Parliament and Council

2
 provides 

a definition of a herbal medicinal product as “exclusively containing as active ingredients 

one or more herbal substances or one or more herbal preparations”. Medicinal practices 

such as Indian Ayurveda and Traditional Chinese Medicine (TCM) utilise naturally-occurring 

herbal and animal ingredients in combination with meditation, dietary regulation and 

hygienic living to create a holistic therapeutic experience for the patient. These treatments 

have been relied upon for thousands of years, becoming an intrinsic part of Asian cultures. 
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Repute of traditional medicines has been passed down and accumulated over generations and 

often has little or no grounding in conventional scientific evidence. 

 

St. John’s Wort (Hypericum perforatum) medicines are a popular alternative treatment for 

depression in Europe and are used for their antimicrobial and anti-inflammatory properties in 

TCM
3
. It is now known that St. John’s Wort has contra-indications associated with many 

synthetic drugs including conventional antidepressants and oral contraceptives
4
. There is no 

clear consensus on the degree of efficacy of St. John’s Wort, and the outcomes of clinical 

trials, and meta-analyses of these clinical trials, have often been conflicting. A multi-centre 

double-blind study conducted in the US showed no significant difference in antidepressant 

activity of St. John’s Wort when compared to a placebo. However, beneficial effects have 

been noted in smaller German clinical trials that tended to exclude patients with major 

depression. St. John’s Wort medicines as a treatment for depression are available on 

prescription in Germany
5
.  

 

There is a common misconception that natural products are harmless
6
, despite their potency 

and unknown mechanisms of action. Ginger (Zingiber officinale) is often used in Indian and 

Chinese medicine as a remedy for colds, nausea, arthritis, migraines and hypertension. The 

declaration of any Zingiber species incorporated into a product is a necessity, as consumption 

can adversely affect diabetic patients or those taking anticoagulants
7
. Less potent species 

from the same genus Z montanum and Z zerumbet are substituted into medicine, despite their 

different biologically active constituents and pharmacological effects
8
. 

 

Herbal medicinal products such as these are an increasingly popular choice for Western 

people, either taken alongside prescribed treatment or relied on completely for ailments 

ranging from acne to cancer. A 2008 survey commissioned by the MHRA reported that 35% 

of adults had used herbal medicines purchased over-the-counter, on the internet, or from a 

herbal practitioner or clinic in the previous 2 years
6
. In 2008, the global market value was 

estimated at US$ 83 billion
9
. 

 

This colossal demand and an unstable financial environment have provided the impetus 

behind adulteration of herbal medicinal products with other species of plant, heavy metals, 

and pharmaceutical substances. The distribution of herbal products within the UK is 

regulated under the Traditional Herbal Medicines Registration Scheme (THR)
10

 but 

adulteration of herbal medicinal products, whether intended or not, may occur in the country 

of origin and pose a risk to consumers if undetected. 

 

The booming TCM industry has resulted in a scarcity of wild species that are commonly 

incorporated into medicinal products. American ginseng (Panax quinquefolius) and Asian 

ginseng (Panax ginseng) are at risk from extinction by unregulated trade and were recently 

included in the Convention on International Trade in Endangered Species (CITES), appendix 

II
11

. Wild ginseng is believed to be more potent than cultivars, provoking unsustainable and 

illegal harvesting in Far East Asia. P ginseng is of a higher value than P quinquefolius on the 

Korean market but roots are indistinguishable when sliced or processed, leading to fraudulent 

substitution
12

. 

 

Whilst there are numerous purported benefits of herbal medicines, this has also led to an 

increase in the propensity for adulteration of such products, and this has also resulted in a 

number of serious cases that have detrimentally affected the lives of consumers. In 1990, the 

toxic herb Aristolochia manshuriensis was found to be present in a slimming aid supplied by 
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a Belgian clinic instead of another species of the Aristolochia genus, used in TCM under the 

common name “Mu Tong”. Over 100 women developed kidney failure and many were 

subsequently diagnosed with urothelial carcinomas
13

. 

 

For these reasons, it is of utmost importance that only the intended herb species with the 

desired therapeutic effects are taken from harvest to medicine and identification and 

traceability of the correct species is fundamental in helping address any authenticity or 

adulteration issues. 

 

Authentication of Herbal Medicinal Products 
 

Traditional approaches to identification of herbal plants include morphological examination 

of phenotypic characteristics. However, this can sometimes prove to be subjective and 

experts in the field often do not always agree upon the same species identity. Microscopy
14

 is 

also a powerful technique for the identification of herbal medicines but the necessary skills 

and experience are increasingly scarce. Current chemical detection methods identify the 

contents of herbal medicines by using the absorbance spectra of chemically characteristic 

metabolites to produce a distinctive chemical fingerprint
15

. High-Performance Liquid 

Chromatography (HPLC) is the most commonly used method for analysis of herbal medicine 

components, and research into improving component separation is on-going. Developing 

approaches that help combine different techniques (e.g. HPLC in tandem with mass 

spectroscopy
16

) has led to a more thorough analysis of herbal medicines. 

 

With these methods, resolution at species level is dependent upon chemical fingerprints; 

however these can often be heterogeneous within one species, for example when plants are of 

different ages, or have been grown in diverse soil types or at different altitudes
17

. These 

methods are highly reliable for quality assessment and detection of adulteration with heavy 

metals and pharmacological compounds. However, analytical situations requiring resolution 

of trace amounts of a single herbal species in a mixed sample might be unsuitably complex 

for currently-available metabolomic methods. 

 

The solution to help resolve both the ambiguity of species identification using morphological 

examination, and the requirement to be able to detect trace amounts of a herbal species, may 

lie in the study of the molecular composition of a herbal plant. DNA is an ideal analyte as it is 

present in all parts of the plant and has the potential to be detected even after mechanical 

processing and heat treatment. 

 

Molecular DNA Approaches for Speciation of Herbal 
Medicinal Products 
 

A significant historical milestone in the hunt for molecular polymorphism was reached in the 

1970’s through the advent of restriction fragment length polymorphism (RFLP). This 

technique exploits the presence of potentially informative nucleotide substitutions or 

insertions/deletions within restriction sites of enzymes isolated from bacteria and archaea. 

Application of these restriction endonucleases to amplified genomic DNA produces 

fragments that vary in length if a polymorphism between samples is present. The extent of 

discriminative ability is dependent on the genomic similarity and this varies according to the 

samples studied. The fragments can then be visualised by gel electrophoresis, or for large 

genomes, Southern blot
18

. Although RFLP assays are highly reproducible, their 
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implementation can be time-consuming and labour intensive. With the advent of modern 

molecular instrumentation, such as capillary electrophoresis, some of these disadvantages 

have been lessened. 

 

The discovery of RFLP technology led to a flurry of innovation that aimed to utilise the core 

biological mechanism of restriction digestion. In 1995, Vos and colleagues
19

 combined RFLP 

with selective PCR amplification to create Amplified Fragment Length Polymorphisms 

(AFLP). After digestion, adaptors are ligated to the ends of the newly-cleaved fragments and 

primers are designed to anneal to these and extend into the restriction site so that these 

sequences are selectively amplified. Ghosh et al successfully designed an AFLP assay to 

discriminate between Zingiber officinale and two commonly substituted adulterant Zingiber 

species. Seven primer pairs produced 837 fragments, 99.7% of which were polymorphic. This 

level of polymorphism between species provides ample information to identify unknown 

Zingiber samples based on their unique AFLP fingerprints. Although most studies use 

ethidium bromide gels for detection, lab-on-a-chip gel electrophoresis techniques provide 

clearer and more informative data
8
. 

 

Random Amplified Polymorphic DNA (RAPD) methods were developed by Williams et al to 

overcome the economic and temporal constraints of RFLP. A single pair of short arbitrary 

primers is used to amplify genomic DNA, producing a set of fragments for each sample
20

. 

The concept is similar to that of RFLP, but primers are less stringent than restriction enzymes 

so RAPDs lacks reproducibility. Shinde et al successfully identified the three main 

components of an Ayurvedic medicine by applying RAPD. However, 120 primer sets were 

screened before one was selected for discriminating between three known species
21

. This 

degree of rigour may prove to be too arduous when a larger number of species needs to be 

identified. 

 

Inter-Simple Sequence Repeats (ISSR)
22

 refer to stretches of DNA that reside between repeat 

motifs present in the DNA sequences. PCR primers can be designed to anneal to the repeat 

motifs and amplify the intervening genomic regions. The level of polymorphism and the 

number of amplified intervening genomic regions can be high, producing a large number of 

PCR products, the analysis of which is often referred to as DNA fingerprinting. Italian 

researchers were able to group geographically distinct asparagus (A acutifolius) plants into a 

phylogenetic distance tree, demonstrating that ISSR-PCR is appropriate for closely-related 

accessions
23

. In contrast to ISSR, Simple Sequence Repeat (SSR) primers are designed to 

amplify the repetitive DNA sequences, which can vary in size between closely related plant 

varieties based on the number of repeat motifs. This method therefore obligates the 

availability of sequence information for the plant species in question; a limitation that is 

lessening with the introduction of accessible and up-to-date DNA sequence databases.  

 

Polymorphic fragments highlighted by RAPD and ISSR can be sequenced to design primers 

for SCAR (sequence characterized amplified region)-PCR, a technique that has become 

popular for the detection of adulterants in herbal medicines
24

. Amplification of a single target 

results in a clear presence/absence result that is more reproducible than predecessor RAPD 

and ISSR methods. A unique pair of primers has to be designed for each species requiring 

identification; for this reason SCAR-PCR is mostly utilised for the detection of a single 

species.  
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It is not recommended that low-quality DNA is analysed using RFLP, AFLP, RAPD or ISSR-

PCR, as genetic artefacts caused by degradation may create or remove polymorphisms within 

primer target sequences or restriction sites. 

 

Universal Primers 
 

Molecular DNA approaches for speciation often capitalise upon genes that are universally 

present in eukaryotic genomes, such as the 18S ribosomal RNA subunit gene. Within these 

sequences are regions of DNA that are highly conserved between different species, to which 

universal PCR primers can be designed in order to amplify flanking hyper-variable 

sequences
25

. 

 

The main advantage of this universal priming approach is the wide applicability to a range of 

organisms to facilitate species identification, without the need for prior in-depth and detailed 

sequence information. Potential disadvantages to this approach include that expertise in 

aligning multiple DNA sequences from different species is often required so that a consensus 

sequence can be identified in order to generate the universal primers. This also often 

necessitates a good knowledge of a range of DNA databases and access to appropriate primer 

design software that allows advanced primer design (e.g. generation of degenerate primers). 

In addition, the application of universal primers to a complex matrix consisting of ingredients 

derived from multiple species can run the risk of generating multiple PCR products that 

cannot be easily resolved and identified using traditional DNA sequencing approaches.  

 

Species-Specific Primers 
 

The use of universal primers often facilitates rapid and detailed species information from a 

DNA sample. However, by their very nature, universal primers do not exclusively target 

species-specific DNA sequences, often precluding accurate species identification if more than 

one species is present in a sample. A second general approach for species identification using 

molecular DNA analysis is to use species-targeted primers. Such species-specific primers are 

often designed by accessing taxonomic databases that house DNA sequence information 

specific to particular species (e.g. sequence information from the mitochondrial Cytochrome 

c Oxidase subunit I gene from members of the animal kingdom). 

 

Advantages of this approach include the availability of taxonomic DNA reference sequences 

from validated systems, and that no in-depth knowledge of advanced primer design, DNA 

databases or sequence alignment tools is always necessary. Equally well, the approach is 

relatively simple to apply and there is a reasonable chance of producing just one PCR product 

that is ideal for standard DNA sequencing. Potential disadvantages of this approach include 

that the primers chosen must usually be different depending on the target species the analyst 

wishes to identify, and additionally, depending upon how the primers are designed, 

specificity is not assured and needs to be theoretically and experimentally validated. 

 

Bioinformatics and DNA Sequence Information for 
Herbal/Medicinal Plants 
 

A number of molecular biology approaches have been described above, to help facilitate 

accurate species identification. However, all these approaches are dependent upon the 
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availability of DNA sequence information from particular species, and the confidence with 

which this DNA sequence information is known. 

 

The largest and most well-known source of DNA sequences is GenBank, maintained by the 

National Center for Biotechnology Information (NCBI)
26

. Sequences are directly submitted 

from scientific institutions and can be used directly in associated applications such as the 

Basic Local Alignment Search Tool (BLAST) for sequence comparison and primer design. 

However, the overwhelming number of sequence entries may sometimes make it difficult to 

select appropriate sequence information. Specialist species-specific databases such as 

Oryzabase
27

, Maize DB
28

 and ArkDB
29

 provide detailed information on the species of 

interest, and are therefore useful for those with focused research aims. 

 

The concept of “barcoding” samples, the process whereby a sample or product is given a 

unique identification tag, has been well received and implemented in the global retail 

industry, and its application to DNA molecular approaches for taxonomic classification can 

prove equally informative. The Consortium of the Barcode of Life (CBOL) endeavours to 

combine the efforts of researchers around the world to standardise a system of DNA 

barcoding that can be applied to all species
30

, and is the largest biodiversity genomics 

initiative currently being undertaken. 

 

The Barcode of Life Database
31

 is based on such a DNA barcoding approach, and uses 

variations in short standardised gene regions to identify new species. The taxonomic marker 

used for members of the animal kingdom is predominantly the Cytochrome Oxidase subunit I 

(COI) of the mitochondrial genome, whilst for plants the taxonomic markers tend to be rbcL 

or matK. The Barcode of Life Database is a project aimed at creating a public collection of 

reference sequences from validated specimens of all species of life, and consists of an 

integrated web platform for use of DNA barcode data. The approach of DNA barcoding is 

increasingly being used as a way to help identify species involved in legal and regulatory 

disputes. 

 

There has been notable success with the heralding of mitochondrial cytochrome oxidase I 

(COI) as a near-universal barcoding region for animals. Cytochrome oxidase I has been used 

for identification of numerous species within the animal kingdom, including fish, mammalian 

and avian species. However the rate of evolution in plant mtDNA is much slower, limiting 

the utility of COI for speciation of herbal medicinal products
32

. Various other regions in 

chloroplast, nuclear and ribosomal genomes have been suggested as a barcode for plants, 

with successes and failures that are often specific to the taxon in question. 

 

In 2009, the CBOL Plant working group published a paper
33

 proposing plastid genes rbcL 

and matK as the most appropriate out of the seven shortlisted. Universality, sequence quality 

and discriminatory power were assessed, and though rbcL and matK scored highly, no “ideal” 

barcode or barcode combination that fulfilled all three criteria could be ascertained. The 

efficiency of amplifying and sequencing matK varies between taxa, but it is generally 

acknowledged that rigorous optimisation of PCR conditions is required. Once obtained, 

sequence quality is particularly high for this region. The discriminatory power of matK and 

rbcL has been found to be lower than other candidate barcodes; for this reason it is advised 

that additional regions are considered when resolution below family level is required. 

Stoeckle and colleagues utilised rbcL and matK to identify the population of plants present in 

commercial tea, and were able to sequence at least one region for 90% of samples. This study 

showed the ability of DNA barcoding to highlight adulterant plant species, as many species 
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other than tea (Camellia sinensis) were detected. The pivotal determinant of scientific 

advances in this field is the availability of prior sequence information; 62% of the sequences 

detected in the tea samples were left undetermined
34

.  

 

Research groups such as those led by Shaw
35

, Scarcelli
36

 and Dong
37

 have combed the 

chloroplast genome for highly variable sequences that could serve as new barcoding regions. 

Shaw advocates further investigation into non-coding sequences such as rpl32-trnL and these 

findings have been well-received; a PubMed search for “rpl32-trnL” returns 31 studies 

published after the original article in 2007
38

. Introns and intergenic spacers can be amplified 

relatively easily, as primers are designed to anneal to well-conserved exons adjacent to these 

polymorphic regions
35

. In contrast to this, Dong et al. cite a gene of unknown function, ycf1, 

as the most variable locus but also highlight the potential of a cohort of non-coding 

sequences
37

. In spite of these efforts, not all studies that have utilised these promising regions 

have reached expectations, particularly for species with low rates of nucleotide substitution
39

.  

 

Plastid genomes are uniparentally inherited, so reliance on these sequences may lead to 

incomplete analysis when alloploid (an organism containing the genetic information of two or 

more species) or hybrid species are encountered
40

. The internal transcribed spacer regions 

(ITS1 and 2) in ribosomal DNA have garnered a great deal of interest as alternatives or 

supplements to plastid barcodes. Chen et al investigated the applicability of seven barcoding 

regions for 6600 plant samples and concluded that the ITS2 region currently holds the most 

promise as a universal plant barcode. ITS2 sequences exhibited higher interspecies 

discriminatory power than other high-performing plastid regions and enabled identification of 

92.7% and 99.8% of samples at the species and genus level, respectively
41

. Despite these 

promising data, Chen admits that the universal barcode “Holy Grail” has yet to be found. As 

repetitive sequences, ITS1 and ITS2 are more likely to be affected by genetic anomalies 

commonly seen in plants, such as gene multiplication, pseudogenes and introgression
42

.  

 

As part of the CBOL initiative, all sequence information is open-access and accessible via 

NCBI GenBank, with around 191 entire chloroplast genome entries
26,37

. Sequence coverage 

on this public database is dependent on the strength of academic interest in the taxa, such that 

commercially useful crops have an abundance of data whereas lesser known crops may only 

have had one region of interest sequenced by a single research group. Table 1 lists some 

commonly-used herbal species in Western, Chinese and Ayurvedic medicine and illustrates 

the availability of DNA sequence information, as published on NCBI GenBank. Using 

accurate sequence information, molecular approaches have the potential to provide a method 

for absolute determination of species identity, based on statistical analysis of the genetic 

distance between two accessions. Although difficulties are still experienced with segregating 

closely-related species, DNA barcoding regions contain a wealth of information; to fully 

capitalise upon this may contribute towards true definition of the genetic boundaries that exist 

between species. The race for cheaper, faster and better quality sequencing methods will 

eventually negate the problem of incomplete sequence coverage, and the benefits of a 

comprehensive barcode sequence library will be unparalleled for researchers, those working 

in the herbal medicine industry, regulatory authorities, and consequently consumers. 
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Table 1 – Sequence Information for Some Popular Medicinal Herb Species 
 

The following table details the availability of sequence information on NCBI GenBank, with particular emphasis on barcoding 

regions that are established in the literature: the ribosomal ITS regions and chloroplast regions psbA-trnH, rbcL, matK and trnL. 

(Searches correct as of August 2012). 

 

Common name(s) Binomial name ITS 
psbA-
trnH 

rbcL matK trnL 
Entire 

chloroplast 
Total 

results 
Aloe Vera Aloe vera X x x x x  127 

Boswellia  Boswellia serrata       2 

Cat's Claw Uncaria tomentosa X  x  x  12 

Chamomile  Matricaria recutita X x     27 

Chinese Angelica, Dong 

quai 

Angelica sinensis X  x x   28 

Chinese Liquorice Glycyrrhiza uralensis X x x x x  104 

Clove Syzygium aromaticum X   x   6 

Devil's Claw Harpagophytum 

procumbens 

X      1 

Echinacea  Echinacea purpurea X x x    52 

Ephedra Ephedra sinica X x x x x  65 

Eucalyptus Eucalyptus globulus X x x x x x 385 

Evening Primrose Oenothera biennis X x x x x x 48 

Fenugreek Trigonella foenum-graecum X x  x x  47 

Feverfew  Tanacetum parthenium X x x x x  27 

Garlic  Allium sativum X  x  x  276 

Ginger  Zingiber officinale X x x x x  201 

Gingko  Ginkgo biloba X x x x x x 633 

Ginseng  Panax ginseng X x x x x x 15,926 

Goldenseal  Hydrastis Canadensis X  x x x  29 

Gotu Kola Centella asiatica X x x x   83 

Guggul Commiphora wightii X      41 

Huáng qí  Astragalus propinquus X      3 

Milk Thistle Silybum marianum x x x x x  26 
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Common name(s) Binomial name ITS 
psbA-
trnH 

rbcL matK trnL 
Entire 

chloroplast 
Total 

results 
Pot Marigold Calendula officinalis x   x x  56 

Saint John's Wort Hypericum perforatum x x x x x  82 

Saw Palmetto Serenoa repens   x x x  34 

Valerian Valeriana officinalis x x x x x  59 
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Molecular methods for detection and identification of species in herbal medicinal products 

have clear potential to be fit for purpose, as samples can be identified regardless of 

appearance and chemical constituents (which may change according to the tissue type, 

growth conditions or age of the sample), and the sample can be a taxonomic mixture. The 

sample is rarely required in abundance; this factor is particularly valued when expensive or 

rare herbal medicines are needed. 

 

This review has discussed some of the advantages and limitations of some of the techniques 

available, and often these are dependent on the experimental setting: does the analyst wish to 

ascertain the presence or absence of a single, or set of, known species? Alternatively do they 

require an in-depth audit of herbal and animal constituents in the medicine? The latter 

scenario can only achieve confident results with a highly comprehensive database of 

barcoding sequences, and the CBOL Plant Working Group is working toward this goal. The 

knowledge base on which molecular identification of plants depends upon is steadily 

expanding, and barcoding success stories are published in open-access journals such as PLOS 

One and are making headlines in mainstream news outlets
43

.  

 

Conclusion 
 

This review has highlighted the clear potential that the application of molecular DNA 

approaches may afford in the area of detection and identification of herbal medicinal plants 

and their products. Phenotypic characterisation of herbal plants can be subjective, microscopy 

skills are scarce and traditional chemical characterisation of herbal products is dependent 

upon the generation of reliable chemical profiles that can be confounded by tissue type, 

growth conditions and location. As with many areas of speciation and food authenticity, 

molecular DNA approaches have the potential to be universally applied as the DNA molecule 

is ubiquitous, DNA is expressed at all developmental stages of a cell’s life cycle, and the 

DNA molecule is robust enough to remain relatively intact even when subjected to high 

temperatures and highly processed chemical reactions. DNA approaches can be completely 

specific and demonstrate good sensitivity, ideal for when the target herbal species are at very 

low concentrations. The only current limitation is the availability and accuracy of DNA 

sequence information for particular species. Through such initiatives as CBOL, the amount of 

species-specific DNA sequence information is ever increasing, and DNA molecular 

approaches should be capitalised upon in order to realise some of the potential that they can 

offer for the detection and identification of herbal medicinal plants and associated products. 

 

This review has provided evidence for the applicability of using molecular DNA techniques 

for the purpose of ascertaining the genetic content of “herbal medicinal products”. Successes 

in this area will help support EU legislation and potentially provide regulatory bodies and 

analytical laboratories with the means to expose adulteration of herbal products that could 

otherwise be detrimental to public health, the economy and the environment. 
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