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 Herbs are produced in two main ways: collection from wild plants from their 
natural habitats and cultivation of herbs that are grown that the plant collected 
is the one that is desired and having uniform quality attributes while in wild-
crafted herbs there is a chance that the wrong herb has been picked, which could 
lead to serious consequences. So Herbal drugs or it’s standardize extracts or 
pure active compound needs Analytical techniques to confirm its identity, 
Quality, Purity, Potency, safety and efficacy of the plant. Herbal preparations are 
the basis for finished herbal products and may include comminuted or 
powdered herbal materials, or extracts, tinctures and fatty oils of herbal 
materials. They are produced by extraction, fractionation, purification, 
concentration, or other physical or biological processes. Consequently, the 
herbal drug preparation itself as a whole is regarded as the active substance. 
Hence, the reproducibility of the total configuration of herbal drug constituents 
is important. In this present review we mainly emphasized the various 
parameters to be studied for standardization of herbal drugs. 
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INTRODUCTION 
Herbal remedies or medicines consist of portions of plants 
or unpurified plant extracts containing several 
constituents, which often work together synergistically. 
Herbal medicine or herbalism is the use of herbs or herbal 
products for their therapeutic or medicinal value. They 
may come from any part of the plant but are most 
commonly made from leaves, roots, bark seeds, and 
flowers. After post General agreement on tariffs and trade 
(GATT) era there is big surge in herbal based medicines to 
find out their potential for treatment and cure of diseases 
and ailments which can or cannot by cured by well 
established allopathic formulations. For preparation of any 
herbal formulation identification, evaluation and 
standardization is rudimentary. Identification involves the 
morphology, microscopy parameter of plants, evaluation 
and standardization of herbal drugs includes physical, 
chemical and biological parameters. These parameters are 
crucial for preparation of accurate and potent formulation. 
Reason of these studies involve the safe and accurately 
selection and handling of crude materials, ensure efficacy 
and stability of finished product, documentation of safety 
and risk based on experience, provision of product 
information to consumer and product promotion. This 
review seeks to enlighten stakeholders in herbal medicine  

 
 
on the need to establish quality parameters for collection, 
handling, processing and production of herbal medicine as 
well as employ such parameters in ensuring the safety of 
the global herbal market. The processes of good quality 
assurance and standardization of herbal medicines and 
products were also discussed [1-5].  
Herbs include crude plant material, such as leaves, flowers, 
fruit, seeds, stems, wood, bark, roots, rhizomes or other 
plant parts, which may be entire, fragmented or powdered. 
Herbal materials include, in addition to herbs, fresh juices, 
gums, fixed oils, essential oils, resins and dry powders of 
herbs. In some countries, these materials may be 
processed by various local procedures, such as steaming, 
roasting or stir-baking with honey, alcoholic beverages or 
other materials [6]. 
Herbal preparations are the basis for finished herbal 
products and may include comminuted or powdered 
herbal materials, or extracts, tinctures and fatty oils of 
herbal materials. They are produced by extraction, 
fractionation, purification, concentration, or other physical 
or biological processes. They also include preparations 
made by steeping or heating herbal materials in alcoholic 
beverages and/or honey, or in other materials [7-9]. 
Finished herbal products consist of herbal preparations  
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made from one or more herbs. If more than one herb is 
used, the term “mixture herbal product” can also be used. 
Finished herbal products and mixture herbal products may 
contain excipients in addition to the active ingredients. 
However, finished products or mixture herbal products to 
which chemically defined active substances have been 
added, including synthetic compounds and/or isolated 
constituents from herbal materials, are not considered to 
be herbal (WHO guideline, 2000). Standardization is a 
system that ensures a predefined amount of quantity, 
quality & therapeutic effect of ingredients in each dose. 

Herbal product cannot be considered scientifically valid if 
the drug tested has not been authenticated and 
characterized in order to ensure reproducibility in the 
manufacturing of the product [6]. 

In high-income countries, however, the widespread use of 
phytotherapy declined at the end of the first part of the 
twentieth century, due to the development and production 
of synthetic medicines. During the past few decades, 
however, phytotherapy has started to be increasingly used 
even in industrialized countries. In low and middle-income 
countries, phytotherapy never stopped being important, 
often representing the only therapeutic system preferred 
by certain people; in the Indian sub-continent about 70% 
of the population (WHO) extensively use traditional and 
alternative medicines for health care [2-7]]. The growing 
use of botanicals by the public has initiated evaluation of 
the health claims of these agents and steps are being taken 
to develop standards for their safety, efficacy and quality. 
In addition, the WHO has developed a series of technical 
guidelines and documents relating to the safety and quality 
assurance of medicinal plants and herbal materials as a 
minimum requirement. 

Traditional systems of medicine are have been in vogue for 
centuries all over the world. According to one estimate, 80 
% of the world population still depends on herbal products 
for their primary healthcare needs. Consequently, the use 
of plant-based medicine has been increasing all over the 
world [1], especially for conditions like cancer, high blood 
pressure, allergies, and for general well being [2–4]. 
According to an estimate 20,000 plant species out of 
250,000 species are in use as medicines all over the world. 

Status of Herbal Drugs in Pharmacopoeias 

Although there is much activity all over the world with 
regard to establishing standards for medicinal plants, 
there is no consensus as to how these should be 
standardized. This is generally because there are a myriad 
of factors mentioned above that affect the quality of the 
herbal raw material. Several publications, United States 
Pharmacopoeia, British Herbal Compendium, British 
Herbal Pharmacopoeia, Chinese Pharmacopoeia, and 
Physician’s Desk Reference (PDR) for Herbal medicines, 
carry monographs for herbal raw material. The 
government of India also brought out the Ayurvedic 
Pharmacopoeia of India. 

Pharmacopoeias carry monographs for herbs and herbal 
products to maintain their quality. Several 
pharmacopoeias including Indian Pharmacopoeia, 
European Pharmacopoeia, and British Pharmacopoeia do 

cover monographs and quality control tests for a few 
medicinal plants [9-14]. 

Consequently, the herbal drug preparation itself as a whole 
is regarded as the active substance. Hence, the 
reproducibility of the total configuration of herbal drug 
constituents is important.  

To meet this requirement it is essential to establish 
the chemoprofiles of the samples encompassing the 
following [12-16]: 

1. Thin-layer chromatography (TLC)/gas-liquid 
chromatography (GLC)/highperformance liquid 
chromatography (HPLC) fingerprint profiles. 
2. Fingerprint profiles with marker compounds. 
3. Quantification of marker compound/s (active principles, 
chemical markers). 
Phytochemical standardization encompasses all possible 
information generated with regard to the chemical 
constituents present in a herbal drug. Hence, the 
phytochemical evaluation for standardization purpose 
includes the following [8, 16-20]: 
1. Preliminary testing for the presence of different 
chemical groups. 
2. Quantification of chemical groups of interest (e.g., total 
alkaloids, total phenolics, total triterpenic acids, total 
tannins). 
3. Establishment of fingerprint profiles. 
4. Multiple marker-based fingerprint profiles. 
5. Quantification of important chemical constituents. 

WHO Guidelines for Herbal Drug Standardization and 
Evaluation 

The WHO guidelines [4, 21-25] for herbal drugs can be 
summarized as follows:- 

Identity of the drug: Botanical evaluation- sensory 
characters, foreign organic matter, microscopical, 
histological, histochemical evaluation, quantitative 
measurements etc. 

Physicochemical character of the drug: Physical and 
chemical identity, chromatographic fingerprints, ash 
values, extractive values, moisture content, volatile oil and 
alkaloidal assays, quantitative estimation protocols etc. 
 Pharmacological parameters, biological activity 

profiles, bitterness values, hemolytic index, 
astringency, swelling factor, foaming index etc. 

 Toxicity details :- pesticide residues, heavy metals, 
microbial contamination like total viable count, 
pathogens like E.coli, Salmonalla, P.aeroginosa, S. 
aureus, Enterobacteria etc. 

 Microbial contamination. 
 Radioactive contamination. 

The TGA approach was sound, but its risk application was 
poor. The evaluation of new herbal products consists of six 
steps, which define the following: 

• characteristics of new substances, 
• history and pattern of use, 
• any adverse reaction, 
• biological action, 
• toxicity and carcinogenicity, and 
• clinical trial data. 
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The presence of impurities is either 
• an intended addition, or 
• accidental contamination via processing. 

The substitution of plants arises because of 
• similar plants/wrong identification, or 
• the use of cheaper alternatives. 

QUALITY CONTROL AND STANDARDIZATION OF 
HERBAL MEDICINES – CONCEPT AND SCOPE  

Generally, all medicines, whether they are synthetic or of 
plant origin, should fulfill the basic requirements of being 
safe and effective (EMEA, 2005; WHO, 2002c, 1998c, 1996, 
1991a, b, 1990, 1988). The term “herbal drugs” denotes 
plants or plant parts that have been converted into 
phytopharmaceuticals by means of simple processes 
involving harvesting, drying, and storage (EMEA, 1998). 
Hence they are capable of variation. This variability is also 
caused by differences in growth, geographical location, and 
time of harvesting [4, 22-18].  

Standardization and quality control of herbal crude 
drugs – Processes and procedures  

According to WHO [4], standardization and quality control 
of herbals is the process involved in the physicochemical 
evaluation of crude drug covering aspects, such as 
selection and handling of crude material, safety, efficacy 
and stability assessment of finished product, 
documentation of safety and risk based on experience, 
provision of product information to consumer and product 
promotion.  

Attention is normally paid to such quality indices such 
as:  

1. Macro and microscopic examination: For 
Identification of right variety and search of adulterants.  
2. Foreign organic matter: This involves removal of 
matter other than source plant to get the drug in pure 
form.  
3. Ash values: These are criteria to judge the identity and 
purity of crude drug – Total ash, sulphated ash, water 
soluble ash and acid insoluble ash etc.  
4. Moisture content: Checking moisture content helps 
reduce errors in the estimation of the actual weight of drug 
material. Low moisture suggests better stability against 
degradation of product.  
5. Extractive values: These are indicative weights of the 
extractable chemical constituents of crude drug under 
different solvents environment.  
6. Crude fibre: This helps to determine the woody 
material component, and it is a criterion for judging purity.  
7. Qualitative chemical evaluation: This covers 
identification and characterization of crude drug with 
respect to phytochemical constituent. It employs different 
analytical technique to detect and isolate the active 
constituents. Phytochemical screening techniques involve 
botanical identification, extraction with suitable solvents, 
purification, and characterization of the active constituents 
of pharmaceutical importance.  
8. Chromatographic examination: Include identification 
of crude drug based on the use of major chemical 
constituents as markers.  
9. Quantitative chemical evaluation: To estimate the 
amount of the major classes of constituents.  

10. Toxicological studies: This helps to determine the 
pesticide residues, potentially toxic elements, safety 
studies in animals like LD50 and Microbial assay to 
establish the absence or presence of potentially harmful 
microorganisms.  

METHODS OF STANDARDIZATION 

Standardization of herbal formulation 

Standardization of herbal formulation requires 
implementation of Good Manufacturing Practices (GMP)     
(WHO guideline, 1996) In addition, study of various 
parameters such as pharmacodynamics, pharmacokinetics, 
dosage, stability, self-life, toxicity evaluation, chemical 
profiling of the herbal formulations is considered essential. 
Heavy metals contamination, Good Agricultural Practices 
(GAP) in herbal drug standardization are equally 
important [24-28]. 

Evaluation Tools for Herbal Drugs [2, 7-13, 29-32] 
Authentication: 

Authentication- Each and every step has to be 
authenticated, area of the collection, parts of the plant 
collection, the regional situation, as phytomorphology 
botanical identity, microscopic and histological 
analysis(characteristic features of cell walls, cell contents, 
starch grains, calcium oxalate crystals, hairs, fibers, vessels 
etc.)  

Several studies of the histological parameters are list of 
palisade ratio, vein islet number, vein termination, 
stomatal number, stomatal index, trichomes, stomata, 
quantitative microscopy, taxonomic identity, foreign 
matter. Loss on drying, swelling index, foaming index, ash 
values and extractive values, Chromatographic and 
spectroscopic evaluation, Determination of heavy metals, 
pesticide residues, Microbial contamination, Radioactive 
contamination.  
Authentication of plant before carrying out the evaluation 
is the most important step in development of standards for 
Herbal drug. 

Authentication of plant is done by evaluating following 
parameters, 

 Parts of plants collect like leaf, flower, root, stolen 
 Regional status 
 Family 
 Biological source 
 Chemical constituents 
Following are some basic methods most commonly used 
for evaluation of crude drugs. 

Pharmacognostic evaluation  
It includes color, odor, taste, texture, size, shape, 
microscopical characters, and histological parameters.  

Physico-chemical parameters 

 It includes foreign matter, total ash, acid-insoluble ash, 
swelling and foaming index, assay, successive extractive 
values, moisture content, viscosity, PH,  
Disintegration time, friability, hardness, flow capacity, 
flocculation, sedimentation, alcohol content.  
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Chemical parameters 

 It includes limit tests, chemical tests etc.  

Chromatographic and spectroscopic analysis 

 It includes TLC, HPLC, HPTLC, GC, UV, IR, FT-IR, AAS, LC-
MS, GC-MS, fluorimetry etc.  

Microbiological parameters 

 It includes the full content of viable, total mould count, 
total coliforms count. Limiters can be used as a 
quantitative tool or semi-quantitative to determine and 

control the amount of impurities, such as reagents used in 
the extraction of various herbs, impurities ships directly 
from the manufacturing and solvents etc.  
In general, quality control is based on three important 
pharmacopeial definitions  
 Identity- it should have one herb  
 Purity – it should not have any contaminant other than 
herb  
 Content or assay-the active constituents should be 
within the defined limits. 

  

 
 

Figure 1: Schematic representation of herbal drug standardization 
 
Macroscopical (Organoleptic) Evaluation: 

The term organoleptic evaluation refers to the sensory 
evaluation. The characteristics which are evaluated with a 
help of sense organ such as color, odour, taste, size, shape, 
texture etc. It is Qualitative Evaluation. 
Examples: 
 Colour:- (Cinnamon Bark -Brown) 
 Odour:- (Jatamansi-Aromatic) 
 Taste:- (Capsicum-Pungent) 
 Size:- (Digitalis--10-30 cm long and 4-10 cm wide) 
 Shape:- (Nux vomica-Disc shaped) 
 Texture:- (Cascara barks- Fractured surface) 

Microscopic Evaluation: 

Full and accurate characterization of plant material 
requires a thorough physical examination. Microscopic 
analyses of plants are invaluable for assuring the identity 

of the material and as an initial screening test for 
impurities. 

Qualitative Microscopy: 

This method is used to identify organized drug by their 
known histological characters through Transverse section 
(T.S.) or Longitudinal Section (L.S.) or Radial Longitudinal 
Section (R.L.S.) or Tangential Longitudinal Section (T.L.S.). 
Microscopic Evaluations also covers study of different 
constituents by using staining Reagents. 
Stomata 

There are several types of stomata, distinguished by 
the forms and arrangement of the Surrounding cells, 
e.g. 

(a) Anomocytic (Ranunculaceous) irregularcelled: Digitalis 
(b) Anisoytic (Cruciferous) unequal – celled: Datura 
(c) Diacytic (Caryophyllaceous) cross – celled: Mentha 
(d) Paracytic (Rubiaceous) parallel celled: Senna 
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Trichomes: 

Trichomes are divided and subdivided as follows- 

(i) Covering Trichomes 
(a) Unicellular Trichomes: Nux vomica, Canabis 
(b) Uniseriate Multicellular Unbranched Trichomes: 
Datura 
(c) Biseriate Multicellular unbranched Trichomes: 
Calendula officinalis 
(d) Multiseriate Multicellular unbranched Trichomes: Male 
fern 
(e) Multicellular branched Trichomes: Verbascum Thapsus 
(ii) Glandular Trichomes 
Unicellular Glandular Trichomes: Vasaka 
Multicellular Glandular Trichomes: 
Digitalis purpurea 
(iii) Hydathode Trichomes: Piper betal 
Quantitative Microscopy: It involvesdifferent parameters 
like 
Palisade Ratio: It is defined as average number of palisade 
cells beneath each epidermal cell. e.g. Atropa belladonna 
(6-10), Digitalis Lanata (2.5-6.5) 
Stomatal No: It is defined as average number of stomata 
per square millimeter area of epidermis. 
e.g.: Atropa belladonna: {6.0 to 14-37.5 (Upper Surface), 
62.5 to 93-174 (lower Surface)} 
(a) Stomatal Index: It is the percentage which the number 
of stomata forms to the total number 
of epidermal cells.  
e.g. Atropa belladonna:--2.3-3.9 to 10.5 (Upper 
Surface),20.2 to 21.7- 23.0 (Lower Surface) 
Digitalis Purpurea-1.6-2.7 to 4.0 (Upper Surface) to 19.2- 
25.2 (lower Surface). 
(b) Vein Islet Number: 
It is defined as average number of Vein Islet per square 
millimeter of the leaf surface midway between midrib and 
the margin. 
i. Digitalis Lanata — 2.0-8.0 
ii. Digitalis Purpure — 2.0-5.5 
(c) Vein Termination Number: 
It is defined as average number of Vein terminations per 
square millimeter of the leaf surface midway between 
midrib and the margin. 
iii. Atropa belladonna — 6.3-10.3 
iv. Atropa acuminate — 1.4-3.5 
Chemical Evaluation: 
Chemical nature of the constituents can be used as tool to 
device a method for the analysis of the constituents. It 
involves chemical tests, chemical assay and also the 
phytochemical investigation of the crude drugs. 
Tests Reagents used Colour formed Sign 
1. Tests for alkaloids 
a. Mayer’s tests, reagents used -Potassium mercuric iodide 
solution, colored formed-Cream precipitate, and sign: + 
b.Wagner’s tests- Iodine potassium solution, Brown 
precipitate + 
c. Hager’s tests -Saturated solution of picric acid, Yellow 
colour + 
d. Dragendarff’s tests -Potassium bismuth iodide solution, 
Raddish brown precipitate + 
2. Tests for amino acids 
a. Millon’s tests -Millon reagents, White precipitate + 
b. Ninhydrine tests -Ninhydrin solution, Violet colour + 

3. Tests for carbohydrates 
a. Molisch’s tests Alcoholic a-naphthol+sulphuric acid, 
Purple to violet colour rings + 
b. Barfoed’s tests -Barfoed reagents, Red colour 
(monosaccharide) after 10 min,colour form 
(disaccharide)+ 
c. Selivanoff’s tests- Selivanoff’s reagents, Rose colour 
(keton) + 
d.Tests for pentoses, Hydrochloric acids + phloroglucinol,  
Red colour + 
Chemical Assays 
Specific assays for different active principles e.g. total 
alkaloids, glycosides, resins, tannins, volatile oil, saponins 
etc. is carried out by different chemical tests. 

Modern techniques in herbal drug identification and 
characterization  

HPLC  

The preparative and analytical HPLC are widely applicable 
in pharmaceutical industry for isolating and purification of 
herbal compounds. They are of basically two types in 
preparative HPLC: those are low pressure HPLC (typically 
under 5 bars) and high pressure HPLC (pressure greater 
than 20 bar) [23-33]. The most important parameters to 
be considered are of resolution sensitivity and fast analysis 
time in analytical HPLC however both the degree of solute 
purity and the amount of compound that can be produced 
per unit time that is recovery in preparative HPLC [25].  

The main aim is to isolate the herbal compounds, where as 
in analytical work the aim is to get the information about 
sample. The preparative HPLC is the closest to analytical 
HPLC than the traditional PLC, because it is having higher 
column efficiencies and faster solvent velocities permit 
more difficult separation to be conducted more quickly 
[26]. This is most important in the pharmaceutical 
industries because newer formulations have to be 
introduced in the market as early as possible. The 
combination of HPLC and LC/MS is presently powerful 
technique for the quality control of Chinese medicine i.e. 
liquorice [27].  

High performance thin layer chromatography (HPTLC)  

TLC is the common fingerprint technique for herbal 
analysis. The herbal compounds can easily identified by 
TLC [34-40]. HPTLC technique is widely used in the 
pharmaceutical industry for process development, 
identification and detection of adulterants, substituent in 
the herbal products and also helps in the identification of 
pesticide content, mycotoxins and in quality control of 
herb and health products [31]. HPTLC technique was 
reported for simultaneous estimation of gallic acid, Rutin, 
Quercetin in terminalia chebula [32]. The aqueous extract 
of Terminalia chebula, precoated silica gel GF 254 as 
stationary phase and the mobile phase for tannins toluene: 
acetone: glacial acetic acid (3:1:2) and mobile phase for 
rutin and quercetin, ethyl acetate: dichloromethane: 
formic acid: glacial acetic acid: water (10:2.5:1:1:0.1). 
Detection and quantification were reported 
densitometrically at λ = 254 for gallic acid and 366nm for 
rutin and quercetin. The Rf values of gallic acid, rutin and 
quercetin are 0.30, 0.13, 0.93. 
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Gas chromatography - mass spectroscopy (GC-MS)  

Gas chromatographic equipment can easily interfaced with 
rapid scan mass spectrometer of various types. The flow 
rate of the capillary column is generally low but enough 
that the column. Output can easily fed directly into 
ionization chamber of MS. In this the simplest mass 
detector in GC is the Ion Trap Detector [36]. The ions trap 
detector is remarkable compact and less expensive than 
quadrapole instruments. The identification and 
quantification of chemical constituents present in the 
polyherbal oil formulation was analyzed by GC-MS method 
[36]. An effective fast and accurate capillary gas 
chromatography method was employed for determining 
the organochlorine pesticide residues. The SPE extract was 
separated by capillary column by using electrochemical 
detector. The split ratio is of 1:2.2 using the carrier gas N2 
with the flow rate of 1.4 ml/min. The Injector temperature 
is of 220°c and the detector temperature is of 330°c. Thus 
the good linearities were obtained for organochlorine 
pesticides. It has been used for identification of large 
number of components present in natural and biological 
systems [37-39].  

Liquid chromatography- Mass spectroscopy (LC-MS)  

LC-MS is the one of the most prominent method of choice 
in many stages of drug development [38]. The chemical 
standardization of an aqueous extract of the mixture of the 
herbs provided chemical compounds serving as reference 
markers using LC-MS [39]. It is useful to analyze the 
aminoglycosides showed that these drugs are highly 
soluble in water, showed low plasma protein binding and 
more than 90 percent excreted through the kidney [41-
46].  

CONCLUSION 

Herbal drugs have been used since ancient times as 
medicines for the treatment of a range of diseases. 
Medicinal plants have played a key role in world health. In 
spite of the great advances observed in modern medicine 
in recent decades, plants still make an important 
contribution to health care. Natural products have been 
our single most successful source of medicines. Each plant 
is like factory capable of synthesizing unlimited number of 
highly complex and unusual chemical substances whose 
structures could otherwise escape the imagination forever. 
There are at least 120 distinct chemical substances derived 
from plants that are considered as important drugs 
currently in use in the world, while several other drugs are 
simple synthetic modifications of the natural products. 
WHO has provided some terms related to herbal drugs, 
according to their definitions. Herbal medicines include 
herbs, herbal materials, herbal preparations and finished 
herbal products. In some countries herbal medicines may 
contain, by tradition, natural organic or inorganic active 
ingredients that are not of plant origin (e.g. animal and 
mineral materials). 
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