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Why primary processing of herbal raw 
drugs is important 
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The present study was carried out to analyse foreign 
matter (FM) in herbal raw drugs (HRDs), as it deteri-
orates the quality and therapeutic efficacy of the end-
product. A total of 35 HRDs representing 11 different 
parts were analysed. For each drug, 3–8 samples with 
each sample having 5–500 kg of drugs were collected. 
The FM was found to vary from 2.59% to 47.48%, 
and none of the drugs complied with the parameters 
of Ayurvedic Pharmacopoeia of India (API). Nearly 
48.57% of the drugs in the Indian market are traded 
with more than 10% of FM in them. The FM in most 
of the drugs is contributed by components other than 
official drugs of the same species. The quality of raw 
drugs can be enhanced by making them free of FM or 
reducing it to the permissible limits of API, with the 
execution of good agriculture and collection practices 
and good field collection practices. Proper supply 
chain management of quality raw drugs may be  
assured by developing infrastructure like establish-
ment of new and strengthening of existing mandis 
(herbal collection and retail/wholesale outlets) having 
post-harvest processing facilities. Measures like, lin-
kages between farmers and buyers, and buy-back  
interventions through on-line virtual platforms such 
as e-charak and e-NAM must also be taken into con-
sideration. In conclusion, a comprehensive national-
level policy/strategy is needed to address various issues 
pertaining to the quality and marketing of HRDs.  
 
Keywords: Foreign matter, herbal raw drugs, market 
linkages, medicinal plants, post-harvest management. 
 
IN India, 1622 herbal raw drugs (HRDs) belonging to 
1178 medicinal plants are in commercial trade1. The offi-
cial accepted HRDs comprise of root, rhizome, bark, 
stem, leaf, flower, fruit, fruit rind, seed, heartwood, aerial 
part, whole plant, gum, resin, etc. The total estimated 
consumption of HRDs is 512,000 MT, with correspond-
ing trade value of A7000 crore for 2014–15 (ref. 1). Out 
of 1178 species, 242 are traded in quantities exceeding 
100 MT per year. HRDs belonging to 198 species  
account for about 95% of the total such drugs consumed 
by India’s herbal industry1. In the last two decades, the  
Indian herbal sector has witnessed an annual growth of 
>10% and is emerging as a major economic activity2.  
 With growing recognition for these resources, the  
herbal industries require large quantities of HRDs. This  
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demand is met through vendors situated throughout in the 
country, who source them either from cultivation, wild or 
imports. Nearly 85% of HRDs and 70% of the annual 
quantities consumed are sourced from the wild1. The 
quality of HRDs plays a vital role in the end-product 
quality. However, the HRDs traded in India have high 
foreign matter (FM) in them. FM is a part of HRDs other 
than official drugs of the same or other species, any  
organism, part or product of an organism, animal dung, or 
mineral admixtures such as soil, stones, sand, etc.3. High 
FM along with adulteration results in substandard HRDs, 
which affects the chemical composition of the active  
ingredients and deteriorates the quality and therapeutic 
efficacy of the end-product2. In the present study, we  
examine the extent of FM in most of the common and 
widely used HRDs in herbal industries.  
 HRDs belonging to 35 species were collected from 
traders situated in different states of India such as Utta-
rakhand, Delhi, Punjab, Madhya Pradesh, Chhattisgarh, 
West Bengal, Maharashtra and Telangana. These are 
among the most common and widely used species in her-
bal industries and are available at the time of sample col-
lection. The HRDs included in the study were aerial part 
(two species), flower (one species), fruit (one species), 
fruit rind (three species), heartwood (one species), leaf 
(three species), rhizome (one species), root (ten species), 
seed (five species), stem (two species) and whole plant 
(six species) (Table 1). We mostly included species 
through which maximum number of accepted HRDs are 
being traded. For each drug, minimum of three and max-
imum of eight samples were collected having minimum 
5 kg and maximum 500 kg of HRDs. The cumulative 
quantity of HRDs collected for the present study varied 
from a minimum of 25 kg (flower; Nelumbo nucifera) to 
a maximum of 3570 kg (fruit; Vitis vinifera) (Table 1). 
The FM was calculated as per description given in Ayur-
vedic Pharmacopoeia of India (API)3.  
 The FM were found to vary from 2.59% to 47.48% in 
different HRDs. Among 35 HRDs studied, 51.43% (18 
HRDs) were found to be traded with less than 10% FM, 
27% (8 HRDs) were traded with 11–20% FM and 26% (9 
HRDs) were traded with more than 20% FM. Thus, near-
ly 48.57% (17 HRDs) traded in the Indian market have 
more than 10% of the FM in them. Maximum FM of 
47.48% was observed in leaf (Justicia adhatoda) fol-
lowed by whole plant (39.64%, 39.32% and 31.85% re-
spectively, in Eclipta prostrata, Vetiveria zizanioides and 
Fumaria parviflora). It was observed that, none of the 
HRDs had permissible limits of FM according to API. 
However, Inula racemosa root and Trachyspermum ammi 
seed were the only HRDs where the FM was found com-
parable with the permissible limits of API (Table 1). It 
was observed that the other parts of the same species also 
contribute to the FM. For example, the petiole in flowers 
(N. nucifera), stem and leaf parts in fruits (V. vinifera), 
seed/stone in fruit rind (Phyllanthus emblica, Terminalia 

chebula, Terminalia bellirica), stem part or collar part in 
roots (Clerodendrum phlomidis, Ricinus communis, 
Oroxylum indicum, Piper longum, Plumbago zeylanica, 
Inula racemosa), aerial part in roots (Piper longum)  
(Table 1). However, in HRDs where the whole plant is 
traded such as E. prostrata, V. zizanioides, F. parviflora, 
Boerhaavia diffusa and Bacopa monnieri, the soil intact 
with roots contributes to a major part of FM. It was also 
noted that there was remarkable variation in FM of dif-
ferent samples of HRDs. This may be attributed to the 
fact that most of the material was collected from different 
sources. However, Srirama et al.5 reported that adultera-
tion or high FM in HRDs could be intentional, or due to 
lack of knowledge of good collection practices at the 
primary level. The dead, decomposed, rusted or infected 
parts of genuine HRDs also contribute to some extent to 
FM. In Tinospora cordifolia (stem), the rotted, infected 
and decomposed stems contribute to the total FM, thus 
indicating the importance of proper post-harvest man-
agement.  
 Several studies have reported adulteration in HRDs. 
Srirama et al.4 found that Phyllanthus amarus was often 
mixed with six other species of Phyllanthus. Seethapathy 
et al.5 reported 50% admixture in Senna auriculata, 37% 
in Senna tora and 8% in Senna alexandrina. In Sida spe-
cies, over 80% adulteration was reported6. However, the 
API has classified the limits of FM for each HRD, but in-
tentional adulteration, improper handling after harvesting 
and lack of regulatory tools in commercial tests for HRD 
authentication often result in higher percentage of FM in 
HRDs1,5. It is estimated that nearly 3% of the HRDs were 
wasted only due to improper handling1, while the total 
loss due to poor infrastructure for storage, processing and 
marketing was reported to vary between 10% and 40% 
(ref. 2). Poor quality of HRD with such adulteration 
could have detrimental health implications2,6. For exam-
ple, an admixture of walnut in Echinaceae, can lead to 
severe nut allergies in consumers7. Likewise, the roots of 
a toxic herb Aristolochia fangchi when mixed with roots 
of Stephania tetrandra, lead to kidney failure8. Thus,  
before use, the industries required huge labour input to 
sort out these HRDs according to the API limits of FM 
which may hamper the production plan and also increase 
production cost.  
 The Government of India has notified ‘good manufac-
turing practices (GMP)’ under Schedule ‘T’ of the Drugs 
and Cosmetics Act, 1940 to ensure and enhance the quality 
of herbal medicines. Thus, quality of HRDs is important 
as it plays a key role in achieving safe and effective the-
rapeutic potency. The quality of HRDs can be enhanced 
by making them free of FM or reducing it to the permit-
ted limits of API using good agriculture and collection 
practices9, and good field collection practices10. Applica-
tion of these practices along with facilitating market lin-
kages will subsequently support the growers in fetching 
better economic returns as in case of Cinnamomum tamala 
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Table 1. Herbal raw drugs (HRDs) with foreign matter (FM) and limit of FM according to Ayurvedic Pharmacopoeia of India (API) 

    FM  
 
Part used 

 
Species (trade name) 

Quantity of HRD 
analysed (kg) 

Number of 
samples 

 
% ± SD# 

 
Material 

API limit (%) of 
foreign matter* 

Aerial part  Datura metel L. (Dhatura)  150 3 15.62 ± 11.33  Fruit part  2 
 Desmodium gangeticum (L.) DC.  

 (Salparni)  
155 3 18.14 ± 8.66  Soil, stone  2 

Flower  Nelumbo nucifera Gaertn.  
 (Kamalphool)  

25 3 4.00 ± 1.66  Petiole  2 

Fruit  Vitis vinifera L. (Draksha)  3570 8 6.84 ± 7.12  Leaves, stem  2 

Fruit rind  Phyllanthus emblica L. (Amla)  838 4 20.26 ± 6.40  Seed  3 
 Terminalia bellirica (Gaertn.) Roxb.  

 (Baheda)  
1467 7 28.53 ± 6.14  Seed  2 

 Terminalia chebula Retz. (Haritaki)  1081 5 11.93 ± 6.40  Seed  1 

Heart wood  Prunus cerasoides Buch.-Ham. ex.  
 D. Don (Padamkastha)  

100 3 21.50 ± 10.33  Stem, stem  
 bark  

1 

Leaf  Justicia adhatoda L. (Ardushi)  373 5 47.48 ± 6.40  Stem  2 
 Ocimum tenuiflorum L. (Tulsi)  182 4 19.05 ± 3.75  Stem  2 
 Pluchea lanceolata (DC.) C.B.  

 Clarke (Rasna)  
2519 8 30.11 ± 3.12  Stem  2 

Rhizome  Hedychium spicatum Sm. (Kapur  
 Kachri)  

150 4 8.31 ± 4.60  Stem  1 

Root  Clerodendrum phlomidis L. f.  
 (Agnimantha)  

1150 6 24.26 ± 6.17  Stem  2 

 Cyperus rotundus L. (Nagarmotha)  150 4 8.00 ± 3.75  Soil  2 
 Inula racemosa Hook .f.  

 (Puskarmool)  
2318 4 2.59 ± 5.80  Stem  2 

 Operculina turpethum (L.)  
 Silva Manso (Nasotar)  

536 4 6.90 ± 3.50  Stem  Nil 

 Oroxylum indicum (L.) Kurz  
 (Syonaka)  

150 3 9.19 ± 6.33  Stem  1 

 Piper longum L. (Pipali)  120 3 8.35 ± 8.66  Aerial part  2 
 Piper retrofractum Vahl. (Chavya)  358 4 14.93 ± 4.50  Leaf, root  2 
 Plumbago zeylanica L. (Chitrak)  50 3 6.01 ± 8.33  Soil  3 
 Ricinus communis L. (Erand)  248 4 15.94 ± 7.25  Soil, stem  2 
 Tylophora asthmatica (L.f.)  

 Wight & Arn. (Antamool)  
491 5 8.63 ± 4.60  Stem  NA 

Seed  Cassia tora L. (Prapunnada)  46 3 7.82 ± 5.66  Stone, fruit  
 part  

2 

 Holarrhena antidysenterica (Roth.)  
 Wall. ex. A. DC. (Indrajau)  

150 3 16.86 ± 5.33  Stone  2 

 Psoralea corylifolia L. (Bakuchi)  55 3 8.09 ± 4.33  Stone, fruit  
 part  

2 

 Sida cordifolia L. (Bala)  426 3 7.56 ± 5.33  Stone, fruit  
 part  

NA 

 Trachyspermum ammi (L.) Sprague  
 (Yavani)  

38 3 6.00 ± 8.33  Fruit part  5 

Stem  Baliospermum montanum (Willd.)  
 Mull. Arg. (Dantimul)  

104 3 6.40 ± 4.66  Collar part  2 

 Tinospora cordifolia (Willd.)  
 Miers (Guduchi)  

100 3 13.37 ± 7.66  Decomposed  
 stem  

2 

Whole plant  Bacopa monnieri (L.) Wettst.  
 (Brahmi)  

150 3 4.26 ± 7.66  Soil  2 

 Boerhaavia diffusa L. (Punarnava)  50 3 5.72 ± 8.33  Soil  2 
 Eclipta prostrata (L.) L. (Bhringraj)  251 5 39.64 ± 7.20  Soil  2 
 Fumaria parviflora Lam. (Parpata)  105 4 31.85 ± 4.25  Soil  2 
 Solanum indicum L. (Brahati)  60 3 13.04 ± 5.66  Soil  2 
 Vetiveria zizanioides (L.) Nash  

 (Ushira)  
89 3 39.32 ± 5.33  Soil  2 

#SD, Standard deviation; *Not more than; NA, Not available. 
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from Uttarakhand11, and help industries to reduce labour 
cost required for the cleaning of HRDs. Proper supply 
chain management is also crucial for sustenance of the 
sector and may be strengthened by establishing Farmer 
Producer Organizations/Farmer Producer Companies and 
developing marketing infrastructure. Primary processing 
and value addition along with strengthening of marketing 
network should be considered for regular supply of quali-
ty HRDs to industries2. This can be achieved by estab-
lishing new and strengthening existing herbal collection 
and retail/wholesale outlets (mandis) with post-harvest 
processing and testing facilities. Linkages between  
farmers and buyers, and buy-back interventions through 
on-line virtual platforms such as e-charak and e-NAM are 
other measures that can be taken into consideration.  
In conclusion, a comprehensive national-level policy/ 
strategy is needed to address various issues pertaining to 
the cultivation, collection, processing, harvesting, quality 
and marketing of HRDs.  
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Light emitting diode (LED)-based insect monitoring 
approach is drawing the attention of researchers. In 
the present study, we evaluated the insect pest res-
ponse to four different coloured LEDs (blue, green, 
red and warm white or yellow) in the laboratory (dark-
room) and in field conditions. The field studies indi-
cated that Odoiporus longicollis is attracted to blue 
LED with a longitudinal split banana stem trap 
(LSBST), with an average of 7 ± 1 weevils per trap, 
compared to other LEDs and LSBST. However, the 
corm weevil was not attracted to the traps significantly. 
To confirm the weevil response to LED trap, an expe-
riment was performed in the laboratory. Interestingly, 
the laboratory experiment indicated a higher attrac-
tion of O. longicollis towards blue LED + LSBST with 
63 ± 5.77% in male and 53.33 ± 5.77% in female, and 
of Cosmopolites sordidus with 43.33 ± 5.77% in both 
male and female when compared with other traps. 
The overall results suggest that blue LED can be used 
as a light trap for monitoring as well as the mass 
trapping of banana weevils in the garden. 
 
Keywords: Banana weevils, integrated pest manage-
ment, light-emitting diode, trapping efficiency. 
 
BANANA is one of the most important and preferred dietary 
fruit crops, but its production remains insufficient for the 
rapidly growing population1. Banana weevils (Cosmopo-
lites sordidus and Odoiporous longicollis) affect the 
growth and yield of banana cultivars like Nendran, Poo-
van (AAB), Karpuravalli and Monthan (ABB)2–4. C. sor-
didus and O. longicollis adults lay their eggs on the outer 
leaf sheath and corm respectively, and live inside the 
freshly cut pseudostem or dead plants. The larvae of O. 
longicollis feed on the pseudostem by making a tunnel 
which leads to stem break and the plant is damaged. C. 
sordidus weevils feed on corm and prevent sucker or 
mate formation, which results in the plant producing 
small or immature bunches. These weevils cause produc-
tion loss ranging from 10% to 90% (refs 2–4). Since adult 
weevils and grubs live within the pseudostem, it is  
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