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Abstract

The safety of herbal products has become a foremost apprehension in public health with their recognition and
worldwide market growth and due in part to the widespread assumption that “natural” implies “harmless”. The global
market of medicinal plants has been growing at a rate of 7-10% annually; capitalizing on the growing awareness of herbal
and aromatic plants globally. The present study was conducted to assess the physiochemical parameters, microbial
contamination and presence of heavy metals. The 24 medicinal plants were collected from open market places of various
cities of Pakistan and tested by employing WHO and AOAC guidelines. Medicinal plants were found polluted with wide
variety of potentially pathogenic bacterias. Microbial count and levels of arsenic and mercury in some plants were found
elevated. The percentage (%) of physiochemical parameters i.e., foreign organic matter, total ash, acid insoluble ash, alcohol
soluble extract, water soluble extract and moisture count of these medicinal plants were found statistically noteworthy. The
nonexistence of quality control values for medicinal plants has been one of the key lacunas. Quality assurance system and
WHO’s guidelines on good agricultural and collection practices be methodically enforced in the medicinal plants supply
chain i.e., cultivation, collection and distribution, although it is tricky task.

Introduction

The safety of herbal products has become a foremost
apprehension in public health with their recognition and
worldwide market growth and due in part to the widespread
assumption that “natural” implies “harmless”. Therefore,
phytotherapy has been incorporated into all alternative
systems of medicine, often as the main source of healthcare
in low or middle-income countries (Anon., 2007). The global
market of medicinal plants has been growing at a rate of 7-
10% annually, capitalizing on the growing awareness of
herbal and aromatic plants globally and around 80% of
developed are relying on herbal medicines (Dubey et al.,
2008, Shaikh et al., 2009, Shinwari & Qaisar, 2011).
Uncultivated safe plants are essential assets with versatile
uses and native people have ethnobotanical acquaintance of
their usage (Debela Hunde Feyssa et al., 2012). The local
people of diverse regions of the world have years old
information and traditional uses of many plants present in
their regions have been accredited (Shinwari et al., 2013;
Nadeem et al., 2013). It is reported that wild gathered food
plants have been part of human diet since ancient times and it
is argued that past societies made more use of the wild flora
to overcome hunger than is done today (Dogan et al., 2013).
The nonexistence of quality control standards for medicinal
plants has been one of the major lacunas in the wider
acceptance of plant based drugs in various parts of the world.
Despite these facts the World Health Organization (WHO)
estimates that 65-80% of the world’s health care services as
‘traditional or complementary and alternative medicines
(Jonas, 1997). Recently, Garrard and coworkers found wide-
ranging label differences in the stated ingredients and
recommended daily serving sizes across multiple brands for
ten different herbs (Garrard et al., 2003). However, this study
was not an attempt to correlate label claims with the actual
contents. As a result, the question concerning the precision in
the stated composition of the products remained
unreciprocated. Rise in the concurrent use of both herbal and
conservative modalities, health care providers, in particular,
have a crucial stake in knowing what their clients are

consuming and in assessing the quality of these products
(Corbin et al., 2002). Health care providers who are currently
hesitant to recommend or discuss botanical dietary
supplements (BDS) use with their patients would likely be
less restrained if they were confident about the product
quality (Eisenberg, 1997; Smith et al., 1999; Sleath et al.,
2001). These products have the potential of pollution with
different microorganisms. This is due to raw materials
contamination and insanitary production conditions. Herbal
preparations used in different forms may carry a large
number of microbes originating from soil usually adhering to
leaves, stems, flowers, seed and root of the herbs (Adeleye et
al., 2005).

Plant samples in the market are stored under undesirable
conditions over the years and often contain a mixture of
other plant species thus adversely affecting their bio-efficacy
(Khatoon et al., 1993). The efficacy of many of drugs is
fading because of the adulterated, dried raw materials
profusely available in the indigenous market. It would be,
therefore, advisable to treat plant drugs with non-toxic
chemicals at various stages of storage and processing (Yadav
et al., 2008, Walter et al., 2011). The varied geographical
locations, different varieties and vernacular names,
adulteration or substitution encountered in the recent years,
the quality control standards have become more relevant in
the recent past (Blumenthal, 1997). The present study was
aimed to evaluate the microbial contamination, presence of
heavy metals and assessment of their physiochemical
parameters of medicinal plants collected from various parts
of the Pakistan by employing World Health Organization
(WHO) and Association of Official Analytical Chemists
(AOAC) guidelines (Anon., 1995; Limyati et al., 1998).

Materials and Methods

Sample collection: Twenty four medicinal plants (about
1000 g) of seventeen different families were collected
from various localities of the country i.e., Karachi,
Lahore, Rawalpindi and the local market during April-
June 2010 (Table 1). All plant samples were air dried
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unrinsed, milled in a micro-hammer (without metal parts
in it), and stored in clean paper bags. The plants were
identified and were deposited at the Drugs Control and
Traditional Medicines Division, National Institute of
Health, Islamabad, Pakistan in its herbarium.

Physicochemical properties assessment and heavy metals
presence in medicinal plants: The physicochemical
determination of the medicinal plants moisture content (%),
total Ash, acid insoluble ash, alcohol soluble extractive,
water soluble extractive, foreign organic matter and
commonly occurred heavy metals i.e., Arsenic, Mercury,
Cadmium and Lead were carried out according to the
methods by employing WHO and AOAC guidelines (Anon.,
1995, Limyati et al., 1998).

Microorganisms: The following strains of bacteria were
used: Escherichia coli, Salmonella Typhi, Staphylococcus
aureus, Staphylococcus epidermidis and Candida
albicans. The medium used for the sub-culturing of the
microorganisms was Macconkey’s agar , Soybean casein
digest agar and Sabouraud dextrose agar was sterilized by
autoclave at 121°C for 15 minutes. The final pH was
7.0£0.2. All the culture media were prepared and treated
according to the manufacturer guidelines (Oxoid). The
inoculums were prepared in Soybean Casein digest broth.
All cultures media (soybean-casein digest broth, soybean
casein digest agar medium, sabouraud dextrose broth &
agar, Vogel- Johnson agar medium, manitol-salt agar
medium, Macconkey’s agar medium, selenitecystine
medium, tetrathionate broth, brilliant green agar , bismuth
sulfite agar , triple sugar-iron agar and sabouraud dextrose
agar medium) from (Oxoid).

Preparation of samples for microbial contamination:
A portion of each sample (10 g) was dispersed in fluid
soybean-casein digest medium to make 100 ml (1:10
Dilution) in the aseptic conditions, clean rooms, areas and
equipments (Limyati et al., 1998).

Inoculation of microorganisms for recovery study: 1 ml
of not less than 107 dilution of a 24 hrs broth culture of the
indicator micro-organisms (Escherichia coli, Salmonella
Typhi, Staphylococcus aureus, Staphylococcus epidermidis
and Candida albicans) were incubated in soybean-casein
digest broth and sabouraud dextrose broth), then incubated
for 24- 48 hrs and up 96 hrs for Candida albicans and were
evaluated for microbial growth in comparison with the
colony morphology of positive blank (culture medium plus
related microorganism). Doubtful results were confirmed
by sub-culturing on selective media (Kudva et al., 1998).

Bio-burden determination: The collected samples of herbal
products were subjected to the following examinations: total
aerobic viable count (TAVC) by pour plate and multiple tube
methods and for presence or absence of Escherichia coli,
Salmonella Typhi, Staphylococcus aureus, Staphylococcus
epidermidis and Candida albicans. 10 g of each sample was
suspended in appropriate medium. The total volume was
adjusted up to 100 ml by adding soybean-casein digest broth
for detection of bacteria and sabouraud dextrose broth for
detection of molds and yeasts. Aerobic bacterial colony
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counts were made by the pour plate technique of 1ml of each
dilution on soybean casein digest and Sabouraud dextrose
agar up to the dilution not less than 107°. Plates were
incubated in duplicate at 37°C for 48-72 hrs. After
incubation, the number of colonies was recorded for each
plate. Arithmetic mean counts were derived from each item
having from 30 to 300 colonies per plate. On the other hand
multiple-tube method based on USP-30 for detection of total
aerobic count was carried out. Following the incubation
period, by examining the tubes for growth, the most probable
number of microorganisms per gram of solid dosage forms
specimens was expressed by reference to related table in
USP-30.

Media and isolation of pathogenic microorganisms: To
determine the presence of Staphylococcus epidermidis and
Streptococcus aureus, each sample diluted to 100 ml by
adding soybean-casein digest broth and incubated at 35 +
2°C for 24-48hrs. After growth, a portion of the medium was
spread on the manitol-salt agar for Staphylococcus
epidermidis and Streptococcus aureus (orange colored
colonies) and the surface of Vogel-Johnson agar for
detection of Streptococcus aureus (black shiney colonies).
Add 10g of each sample in soybean-casein digest broth to
make 100 ml for detecting Escherichia coli and Salmonella
sp. streaked 1ml onto differential Mac-Conkey’s agar plates
which is selective medium for gram negative (pink colonies
for Salmonella and Escherichia coli. Iml aliquots was
transferred into 9ml fluid selenite-cystine and fluid
tetrationate (Selective for Salmonella sp.) growth of medium
indicates presence of Salmonella sp., these cultures were
incubated at 35 & 2°C for 24-48hrs. Then these cultures were
further sub-cultured on the surface of brilliant green agar
(green colonies with metallic sheet) and bismuth sulfite agar
media, (black colonies) indicates Salmonella sp. The butt-
slant tube of triple sugar-iron agar medium was used for
identification of gram-negative rods colonies, slant acidic
and butt acid with gas for Escherichia coli, slant alkaline but
acidic without gas for Salmonella. On the other hand 10 g of
each sample were added to sabouraud dextrose broth to
make 100 ml for detection of Candida albicans, incubated at
20-25°C for 7 days. The 1ml of incubated samples were
examined and cultured in sabouraud dextrose agar plus
chloramphenicol (SDA + C). In cases where microbial
growth was observed, the colonies were identified by germ-
tube test, the morphological characteristics of sporangia were
examined microscopically.

Statistical analysis: Statistical analysis of data was
performed by using the student’s unpaired t-test and by
analysis of variance (ANOVA). p-values less than 0.05
were considered significant.

Results and Discussion

A total of 24 medicinal plants were collected from four
different places i.e., Karachi, Lahore, Rawalpindi and an
Open Market. Physiochemical parameters i.e. Foreign
Organic matter % age, total ash % age, acid insoluble ash
% age, alcohol soluble extract %age, water soluble extract
% age, moisture count % age and heavy metals contents of
these medicinal plants were determined and analyzed
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statistically. The name of medicinal plants, family, part
used, place of collection results of the bacteriological
analysis of the medicinal plants are shown in Table 1. The
most frequently occurring member of the selected
pathogenic bacteria screened were Salmonella typhi and S.
epidermidis. They were isolated in 41(42.7%) and
26(26.04%) of the samples, respectively. E. coli occurred in
23 (23.9%) and C. albicans 26 (26.04%) and S. aureus,
9(9.3%) was least frequently present. The result presented
in Table 2 are for foreign organic matter % age content of
medicinal plants and were determined and expressed as
Mean + S.D. The value ranges from 0-39.3%. The values
of foreign organic matter % age content of 14 (58.3%) of
medicinal plants were found to be significant at p-value
0.05. The value of total ash% contents was determined and
also expressed as Mean =+ S.D. The value ranges from 0.4-
26.9 and ash % age content values of Acacia nilotica,
Ferula assafoetida and Berberis aristata were found to be
significant at p-value 0.05 (Table 3). Acid insoluble ash %
age contents ranges from 0-14.4%. Acid insoluble ash %
age content values of Embella ribes, Cassia absus, Carum
copticum, Acorus calamus, Althea officinalis, Butea
monosperma, Berberis aristata, Colchicum luteum were
found to be significant at p-value 0.05 (Table 4). Alcohol
soluble extract % age content values ranges from 0-38.3%
and alcohol soluble extract % age content of Asparagh
adscendens, Nigella sativa were found to be significant at
p-value 0.05 (Table 5). Water soluble extract % age content
values ranges from 4.9%-83.73%. The values of Water
Soluble Extract % age content of medicinal plants were
evaluated at p-value 0.05 (Table 6). Moisture Count % age
content ranges from 2.3%-17.2%. The values of Moisture

Count % age content of medicinal plants were evaluated at
p-value 0.05 (Table 7). Lead contents (ppm) of twenty four
medicinal plants was determined and expressed as Mean+
S.D. The range value is 0.0110 ppm-1.0600 ppm. The
values of Lead contents (ppm) of 13 medicinal plants were
found to be significant at p-value 0.05 (Table 8). Arsenic
contents (ppm) of medicinal plants was also determined
and value ranges from 0.0110 ppm-0.8299 ppm and values
of Arsenic contents (ppm) of Foeniculum vulgaare,
Adiantum cappillus, Adiantum cappillus, Peucedanum
graveolens, Brassica juncea, Viola odorata, Berberis
aristata were found to be significant at p-value 0.05 (Table
9). Cadmium contents (ppm) of all medicinal plants ranges
value is 0.0006 ppm-0.0130 ppm. The values of Cadmium
contents (ppm) of all medicinal plants were found to be
significant at p-value 0.05 (Table 10). Mercury (Hg)
contents (ppm) of medicinal plants were also determined
and its value ranges from 0.0022 ppm-1.0446 ppm (Table
11). The values of Lead contents (ppm) of Caccinia glauca,
Anacyclus pyrethrum, Acorus calamus Peucedanum
graveolens, Berberis aristata, Berberis aristata, Colchicum
luteum were found to be significant at p-value 0.05.
Microbial count (MPN) by pour plate method, in 2 samples
were high range between 10x10° ~ 10x10° cfu /gm, in 24
samples ranged between 0.5x10” “11x10° cfu /g, 31
samples were less than 10cfu/g. Microbial count (MPN) by
multiple tubes method in 2 samples were range between
1100 to > 1100 /gm, in 24 samples ranged between 93-240
/gm and in 31 samples less than 3 to 3 /gm.

Total no. of sample = 96, Contaminated samples: S.
typhi 41=42.7%. S. epidermidis 26=27%, E. coli
23=23.9%, C. albican 26=27%.

Table 2. Foreign organic matter % of twenty four medicinal plants.

S No RWP KHI LHR Market Range Mean

T (Yow/w) (Yow/w) (Yow/w) (Yow/w) (Yow/w)

1. 15 4.7 2.5 4 4-15 6.55+£5.7*
2. 10 0.3 0.4 20 0.3-2 7.68 +£9.4*
3. 5.6 1.4 L.5 0.3 0.3-5.6 2.20 £ 2%
4. 51.3 7.84 12.6 37.6 7.8-51.3 27.33 £20.6
5. 0.02 6.31 0.2 1.6 0.02-6.3 2.03 £2.9*
6. 19 1.4 0.1 2 0.13-19 5.62 + 8.9*
7. 31.2 45 4.6 23.8 4.5-31.2 16.02 = 13.5*
8. 1.2 1.9 0.3 0.5 0.3-1-9 0.98 £0.7
9. 1.9 5.2 0.5 7 0.5-7 3.65+2.9*
10. 1.7 1 5 8.3 1-8.3 4.0 £ 3%
11. 32 15 35 39 3.2-39 23.05+16.8
12. 393 7.6 0.6 1.4 0.6-39-3 12.22 £ 18*
13. 0.72 0 0 0.1 0-0.72 0.21+0.3*
14. 4 0.6 1.3 2.1 0.6-4 20+1
15. 3.7 0.04 0.004 3.1 0.001-3.7 1.71 £ 2%
16. 0 0 0 32 0-32 8.0 £ 16.0*
17. 22.45 4.2 53 17.5 4.2-22.45 12.36 £9.0
18. 7.8 0.3 0.2 33 0.3-7.8 2.90 + 3.5*
19. 17 14 7 33 3.3-17 10.32+6.0
20. 1.8 1.4 0.6 0.5 0.5-1.8 1.07£0.6
21. 5.7 1.6 5.9 5.5 1.6-5.9 46720
22. 0.4 0.3 0 0-3 0.3-0.4 0.25+£0.17
23. 11.4 26.6 10.3 10.6 10.3-26.6 14.73+7.9
24. 0 0.01 0.01 0.3 0-0.3 0.08 £0.15*

*Shows values are significant at p-value 0.05
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Table 3. Total ash % of twenty four medicinal plants.
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RWP

KHI

LHR

Market

Range

S-No-— 1 opwiw) (owiw) (Yowiw) (owiw) (Yowiw) Mean
1. 8.2 10.7 7.6 8.9 7.6-10.7 8.85+1.34
2. 1.7 2.9 5.8 2.2 1.7-5.8 3.15+£1.83
3. 3.4 33 2.6 33 2.6-3.4 3.15+0.37
4. 26.9 20.3 22.4 22.5 20.3-26.9 23.02+2.8
5. 5.1 4.9 5.7 5.9 4.9-5.9 540+0.48
6. 5 33 54 5.7 3.3-5.7 490+ 1.13
7. 8.5 10.4 8.7 8.5 8.5-10.4 9.02+0.92
8. 8.5 4 4.4 4.8 4-8.5 543 £2.08
9. 5.3 6.9 4.8 5.6 4.8-6.9 5.65+0.90
10. 4 4.4 4.8 3.6 3.6-4.8 420+0.52
11. 18.7 14 16.6 14.6 14-18.7 1598 +£2.1
12. 8.4 7.5 7.1 7.6 7.1-8.4 7.65 £0.54
13. 2.7 0.4 0.3 1.7 0.3-2.7 1.28 £ 1.14*
14. 43 53 4.9 5.1 4.3-5.3 4.90+0.43
15. 16.5 19.6 14.2 12.3 12.3-19.6 1556 £3.1
16. 19.6 14.6 1.4 5 1.4-19.6 10.15 + 8.4*
17. 9.34 7.3 7.8 11.8 7.3-11.8 11.56 £5.6
18. 5 6.3 7.2 6 5-7.2 6.13£0.91
19. 16.2 9.6 12.7 4.8 4.8-16.2 10.83 £4.8
20. 10.8 10.2 10 6.4 6.4-10.8 9.35+2.0
21. 3.1 2.9 3.4 7.1 2.9-7.1 4.13+2.0
22. 4.7 53 4.9 2.8 2.8-5.3 443 £1.1
23. 11.4 26.6 10.6 10.3 10.3-26.6 14.73 £7.9*
24. 2.5 1.7 1.9 1.2 1.2-2.5 1.83 £0.54
*Shows values are significant at p-value 0.05
Table 4. Acid insoluble ash % age of twenty four medicinal plants.
S No RWP KHI LHR Market Range Mean

T (Yow/w) (Yow/) (Yow/) (Yow/) (Yow/w)

1. 0.06 0.4 0.8 0.5 0.06-0.8 0.46 +0.30
2. 0.05 0.4 1.4 1.2 0.05-1.4 0.76 £ 0.64*
3. 0.03 0.01 0.037 0.7 0.01-0.7 0.19 +£0.34*
4. 14.4 11.7 12.3 10.2 10.2-14.4 12.15+1.74
5. 1.4 1.2 1.5 1.4 1.2-1.5 1.38+0.13
6. 1.5 1.8 1 1.6 1-1.6 1.47+0.34
7. 0.8 0.3 0.05 0.1 0.05-0.8 0.32 +0.34*
8. 0.2 0.8 1.8 0.7 0.2-1.8 0.87 £0.67
9. 0.01 1.1 0.6 0.4 0.01-1.1 0.53 £0.45*
10. 1.7 0.9 0.9 2.5 0.9-2.5 1.50+0.77
11. 9 5 2.7 4.8 2.7-9 5.38 £2.63*
12. 2.5 2.2 3.7 3.8 2.2-3.8 3.05+0.82
13. 0.2 0 0.1 0.09 0-0.2 0.10 +£0.08
14. 2.1 2.8 1.9 2.5 1.9-2.8 2.32 +0.40*
15. 6.3 6.4 7 6 6-7 6.43£0.42
16. 1.1 2.5 4.1 6.1 1.1-6.1 345+2.15
17. 1.5 0.6 1.8 2.9 0.6-2.9 1.70£0.95
18. 2.4 1.1 2 34 1.1-3.4 2.23+£0.95
19. 1.8 49 2.7 1.3 1.3-4.9 2.68 +1.59
20. 1.1 2.5 3.1 1.8 1.1-3.1 2.12+0.87
21. 0.4 0.3 0.02 1 0.4-1 0.43 £0.41*
22. 0.4 0.4 1.2 1.6 0.4-1.6 0.90 £ 0.60
23. 13 14 10 11.8 10-14 1220+ 1.72
24. 0.02 0.1 0.05 0.8 0.02-0.8 0.24 +£0.37*
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Table 5. Alcohol soluble extract % age of twenty four medicinal plants.

S No RWP LHR Market Range Mean
T (Yow/w) (Yow/w) (Yow/w) (Yow/w)
1. 10.7 11 8.3 8.3-11 9.97+1.21
2. 20.3 7.8 13.1 7.8-20.3 1247 +£5.71
3. 6.5 6.1 6.9 6.1-6.9 6.42+0.36
4. 2.8 4 3.1 2.8-4 3.20+0.55
5. 1 2.3 1.3 1-2.3 1.72 £0.68
6. 2.7 3 2.4 1.7-3 2.45+0.56
7. 1.2 1.1 7.9 1-7.9 2.80 + 3.40%
8. 5 8.5 4.5 4.5-8.5 5.95+1.78
9. 11.9 15 10 10-15 12.07+2.11
10. 154 15 10.2 10.2-16.4 14.25+2.76
11. 3.8 5.7 4.6 3.8-15.8 7.47+5.60
12. 5.7 10.7 5.5 5.5-10.7 7.95+2.73
13. 0 0 0 0 0
14. 17.7 15.8 14.8 14.8-17.7 1623 +£1.23
15. 5.8 5.9 5.5 5.5-7 6.05+0.66
16. 31.6 10.3 27.6 10.3-31.6 21.90 £9.58
17. 7.9 10 9 7.9-10 8.73£0.98
18. 3.6 17 20.7 3.6-20.7 11.95+8.20
19. 3.9 4 7.8 3.9-7.8 543 +£1.86
20. 4.5 4.1 3.6 3.6-4.5 4.05+0.37
21. 35 31.5 20 16-31.5 25.63 +£9.07
22. 33.67 38.3 26 26-56.1 98.5+ 112.1*
23. 8.8 13.7 12.2 8.8-13.7 11.0£2.34
24, 1.8 0.1 2.1 0.1-2.1 1.24+£0.92
*Shows values are significant at p-value 0.05
Table 6. Water soluble extract % age of twenty four medicinal plants.
S. No RWP KHI LHR Market Range Mean
T (Yow/w) (Yow/w) (Yow/w) (Yow/w) (Yow/w)
1. 21.3 24.6 20.3 19.1 19.1-24.6 21.32+24
2. 25.6 6.8 6.7 9.8 6.8-25.6 12.23+£9.0
3. 18.6 19.2 19.3 229 18.6-22.9 20.0 £1.96
4. 333 41 339 335 33.3-41 3543+3.7
5. 12.9 18.1 20.3 15.6 12.9-20.3 16.72+3.2
6. 33.7 54.1 49.6 44 33.7-49.6 45.35+8.0
7. 15.9 16.1 17.1 16.5 15.9-17.1 16.40 £ 0.5
8. 19.7 14.7 20.3 18.8 14.7-20.3 18.37+2.5
9. 18.6 21.6 28.9 20.7 18.6-28.9 2245+45
10. 11.3 12.9 12.3 11 11-12.9 11.88+0.9
11. 23.8 222 34.2 25.2 22.2-34.2 26.35+54
12. 7.6 12.8 10 6.2 6.2-12.8 9.15+2.90
13. 82.4 83.6 83.73 30 30-83.73 69.93 +26.63
14. 42 39 34 28 28-42 35.75+6.13
15. 19.7 35.1 20.4 18.1 18.1-35.1 23.32+791
16. 20 17.8 12.1 11.8 11.8-20 1542 +9.11
17. 13.2 13 17.9 17.8 13-17.9 15.47+2.74
18. 18.1 20 9.5 11.1 9.5-20 14.68 £5.15
19. 19.4 12.7 12.6 18.3 12.6-19.4 15.75+3.61
20. 253 41 394 62.1 25.3-62.1 41.95+15.17
21. 70 67.2 70.5 58.3 58.3-70.5 66.50 + 5.66
22. 7.4 11.5 13.5 8.6 7.4-13.5 10.25 £2.77
23. 74 59 53 64 53-74 50.5+31.0
24. 9.5 6.6 5.6 4.9 4.9-9.5 6.65+2.02
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S No RWP KHI LHR Market Range Mean
B (Yow/w) (Yow/w) (Yow/w) (Yow/w) (Yow/w)
1. 6.7 7.8 6.7 2.3 2.3-7.8 5.87+2.4
2. 9.8 9.9 8.7 9.7 8.7-9.9 9.52+0.6
3. 10.3 10.2 10.07 9.12 9.12-10.3 9.92+0.5
4. 9.96 9.23 9.81 10.9 9.23-10.9 9.97+0.7
5. 8.08 10.2 9.9 8.29 8.08-10.2 9.12+1.09
6. 8.9 9.5 9.8 9.1 8.9-9.8 9.33+£0.40
7. 7.62 8.93 8.22 10.04 7.62-10.04 8.70 £ 1.04
8. 5.9 10.8 10.5 6 5.9-10.8 8.30+2.7
9. 11.1 11.82 12.51 17.2 11.1-17.2 13.16 £2.8
10. 9.1 8.2 8.6 8 9.1-8 8.48+0.5
11. 9.1 9.3 9.6 10.9 9.1-10.9 9.73 £0.8
12. 8.8 12.8 7.8 11.3 7.8-12.8 10.18 £ 2.3
13. 12.2 12 12.4 8.27 8.27-12.4 11.22+1.9
14. 12 14.6 8.1 15.4 8.1-15.4 12.53+3.3
15. 8.1 7 8 8.5 7-8.5 7.90+ 0.6
16. 6.5 8.6 7.9 14.62 6.5-14.62 9.41+£3.6
17. 9.6 9.8 9.7 9.5 9.5-9.8 9.65+0.1
18. 6.4 6.5 59 7.1 59-71 6.48 £0.5
19. 9.1 8.3 8.6 11.3 8.3-11.3 933+14
20. 9.7 10 9.2 7.6 7.6-10 9.12+1.07
21. 8.9 7.4 7.3 10.02 7.3-10.02 8.41+1.30
22. 6.2 6.2 6.1 9.6 6.1-9.6 7.02+1.7
23. 8.1 7.6 12.3 8.7 7.6-12.3 9.18+2.1
24. 8.2 9.4 8.5 7.5 7.5-9.4 8.40+0.8
Table 8. Lead contents (in ppm) of twenty four medicinal plants.
S. No. RWP | KHI | LHR | Market Range Mean
1. 0.1180 0.0176 0.1188 0.5441 0.0176-0.5441 0.2 +£0.2%
2. 0.1420 0.1240 0.0777 0.3663 0.0777-0.3663 0.18+£0.1
3. 0.0220 0.4200 0.1701 0.6677 0.0220-0.6677 0.32+0.3*
4. 0.1105 0.2124 0.1100 0.4499 0.1100-0.4499 0.22+0.2
5. 0.1042 0.2316 0.2212 0.4548 0.1042-0.4548 0.25+0.2
6. 0.1028 0.0344 0.0222 0.0689 0.0222-0.1028 0.06 = 0.04
7. 0.1141 0.1321 0.1252 0.3390 0.1141-0.3390 0.18+0.1
8. 0.1199 0.2218 0.0200 0.8813 0.0200-0.8813 0.31 £0.4*
9. 0.1108 0.0388 0.1322 0.3440 0.0388-0.3440 0.16 £0.1
10. 0.0182 0.0222 0.0206 0.1247 0.0182-0.1247 0.05 +0.05*
11. 0.1122 0.1042 0.1296 0.5399 0.1042-0.5399 0.22+0.21*
12. 0.1013 0.0311 0.0116 0.0662 0.0116-0.1013 0.05+0.04
13. 1.0348 0.0486 0.0216 0.0666 0.0216-1.0348 0.29 +£0.5*
14. 0.1601 0.0212 0.0326 0.5542 0.0212-0.5542 0.19+0.3*
15. 0.2229 0.1322 0.1226 1.0600 0.1226-1.0600 0.38+0.5*
16. 0.1112 0.0470 0.0286 0.0508 0.0286-0.0508 0.06 £0.04
17. 0.2244 0.3332 0.1116 0.0442 0.0442-0.3332 0.18+0.1
18. 0.1175 0.2242 0.0826 0.0554 0.0554-0.2242 0.12+£0.07
19. 0.0111 0.0621 0.0216 0.5120 0.0111-0.5120 0.15+0.2*
20. 0.6183 0.0341 0.0986 0.1782 0.0341-0.1782 0.23 +£0.3*
21. 0.0522 0.2406 0.1256 0.4200 0.0522-0.4200 0.21 £0.2*
22. 0.1133 0.0110 0.0860 0.3292 0.0110-0.3292 0.13+0.1*
23. 0.2266 0.1111 0.0891 0.5040 0.0891-0.5040 0.23 +£0.2*
24. 0.2420 0.2211 0.2777 0.3244 0.2211-0.3244 0.27+0.1

*Shows values are significant at p-value 0.05



654 FARNAZ MALIK ET AL,
Table 9. Arsenic contents (in ppm) of twenty four medicinal plants.
S. No. RWP | KHI LHR Market | Range | Mean
1. 0.1316 0.2460 0.2177 0.3041 0.0146-0.0441 0.22+0.1
2. 0.2112 0.2210 0.1760 0.2650 0.0132-0.0660 0.22 £0.04*
3. 0.3660 0.2566 0.1717 0.4784 0.0259-0.0783 0.32+0.1
4. 0.1662 0.1820 0.1888 0.2462 0.1662-0.2462 0.20£0.03
5. 0.1224 0.1110 0.1216 0.2201 0.1110-0.2201 0.14+£0.05
6. 0.1248 0.1341 0.1220 0.4064 0.1220-0.4064 0.20+0.1
7. 0.1131 0.2221 0.1242 0.2190 0.1131-0.2221 0.17+0.1
8. 0.1014 0.1218 0.1216 0.3899 0.1014-0.3899 0.18+0.1
9. 0.2132 0.1288 0.1116 0.4448 0.1116-0.4448 0.22+0.2
10. 0.1182 0.1311 0.1206 0.3222 0.1182-0.3222 0.17+0.10
11. 0.1092 0.1444 0.2228 0.4348 0.1092-0.4348 023+0.2
12. 0.1017 0.1031 0.1016 0.5602 0.1016-0.5602 0.22+0.2*
13. 0.1245 0.1048 0.10216 0.0666 0.0666-0.1245 0.10+£0.02
14. 0.0942 0.0110 0.0322 0.5542 0.0110-0.5542 0.17+0.3*
15. 0.1141 0.1322 0.1226 0.3815 0.1141-0.3815 0.19+0.1
16. 0.1441 0.2300 0.2206 0.5508 0.1441-0.5508 0.29+0.2
17. 0.1132 0.1314 0.0116 0.3442 0.0116-0.3442 0.05+0.1*
18. 0.1007 0.1022 0.1081 0.4055 0.1007-0.4055 0.18 £0.2*
19. 0.1200 0.1121 0.1259 0.3180 0.1121-0.3180 0.17+0.10
20. 0.1281 0.2341 0.1026 0.6762 0.1026-0.6762 0.29+0.3*
21. 0.0852 0.1406 0.0266 0.7140 0.0266-0.7140 0.24 +£0.3*
22. 0.2066 0.3110 0.3160 0.8299 0.2066-0.8299 042+0.3
23. 0.2019 04111 0.0993 0.6049 0.0993-0.6049 0.33+0.2
24. 0.2004 0.1022 0.2777 0.4999 0.1022-0.4999 0.27+0.2
*Shows values are significant at p-value 0.05
Table 10. Cadmium contents (in ppm) of twenty four medicinal plants.
S. No. RWP | KHI [ LHR Market | Range Mean

1. 0.0010 0.0006 0.0018 0.0041 0.0006-0.0041 0

2. 0.0130 0.0100 0.0017 0.0060 0.0017-0.0130 0.01 + 0*
3. 0.0010 0.0024 0.0080 0.0071 0.0010-0.0080 0

4. 0.0018 0.0012 0.0018 0.0082 0.0018-0.0082 0

5. 0.0020 0.0011 0.0016 0.0040 0.0011-0.0040 0

6. 0.0040 0.0044 0.0022 0.0080 0.0022-0.0080 0

7. 0.0015 0.0021 0.0030 0.0036 0.0015-0.0036 0

8. 0.0040 0.0012 0.0024 0.0022 0.0012-0.0040 0

9. 0.0010 0.0080 0.0016 0.0040 0.0012-0.0040 0

10. 0.0040 0.0017 0.0006 0.0024 0.0006-0.0040 0

11. 0.0040 0.0016 0.0022 0.0032 0.0016-0.0032 0.01 £0.01*
12. 0.0030 0.0011 0.0016 0.0062 0.0016-0.0062 0

13. 0.0010 0.0006 0.0016 0.0066 0.0006-0.0066 0

14. 0.0020 0.0010 0.0020 0.0042 0.0010-0.0042 0

15. 0.0060 0.0022 0.0022 0.0044 0.0022-0.0060 0

16. 0.0020 0.0008 0.0010 0.0008 0.0008-0.0020 0

17. 0.0020 0.0014 0.0016 0.0042 0.0014-0.0042 0

18. 0.0012 0.0012 0.0016 0.0054 0.0012-0.0054 0

19. 0.0010 0.0021 0.0021 0.0018 0.0010-0.0021 0

20. 0.0020 0.0031 0.0026 0.0021 0.0021-0.0031 0

21. 0.0022 0.0008 0.0011 0.0026 0.0008-0.0031 0

22. 0.0021 0.0010 0.0016 0.0028 0.0010-0.0028 0

23. 0.0010 0.0011 0.0031 0.0043 0.0010-0.0043 0

24. 0.0020 0.0021 0.0027 0.0049 0.0020-0.0049 0

*Shows values are significant at p-value 0.05
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Table 11. Mercury (Hg) contents (in ppm) of twenty four medicinal plants.

S. No. RWP KHI LHR Market Range Mean
1. 0.0382 0.0146 0.0188 0.0441 0.0146-0.0441 0.03 +0.01
2. 0.0132 0.0221 0.0176 0.0660 0.0132-0.0660 0.03 +0.02
3. 0.0366 0.0259 0.0783 0.0678 0.0259-0.0783 0.05 +0.02
4. 0.0086 0.0112 0.0188 0.0482 0.0086-0.0482 0.02 £ 0.02*
5. 0.0442 0.0311 0.0216 0.0542 0.0216-0.0542 0.04 +0.01
6. 0.0248 0.0344 0.0222 0.0689 0.0248-0.0689 0.04 £0.02
7. 0.0431 0.0321 0.0232 0.0396 0.0232-0.0431 0.03 +0.01
8. 0.0142 0.0212 0.0246 0.0842 0.0142-0.0842 0.02 £ 0.04*
9. 0.0042 0.0288 0.0316 1.0446 0.0042-1.0446 028 +0.51*
10. 0.0182 0.0011 0.0206 0.0242 0.0182-0.0242 0.02+0.01
11. 0.0042 0.0411 0.0226 0.0342 0.0042-0.0441 0.03 +0.02
12. 0.0173 0.0311 0.0116 0.0602 0.0116-0.0602 0.03 +0.02
13. 0.0348 0.0486 0.0216 0.0666 0.0216-0.0666 0.04 +0.02
14. 0.0942 0.0110 0.0326 0.0542 0.0110-0.0542 0.05 +0.04
15. 0.0144 0.0322 0.0226 0.0864 0.0144-0.0864 0.04 £0.03
16. 0.0442 0.0378 0.0206 0.0508 0.0206-0.0508 0.04 +0.01
17. 1.0142 0.0311 0.0116 0.0442 0.0116-1.0142 0.28 + 0.49*
18. 0.0075 0.0242 0.0816 0.0554 0.0075-0.0816 0.04 +0.03
19. 0.0220 0.0621 0.0216 0.0180 0.0180-0.0220 0.03 +0.02
20. 0.0281 0.0341 0.0286 0.0762 0.0281-0.0762 0.04 +0.02
21. 0.0052 0.0406 0.0256 0.0142 0.0052-0.0406 0.02 +0.02*
22. 0.0066 0.0110 0.0160 0.0292 0.0216-0.0292 0.02+0.01
23. 0.0199 0.0111 0.0091 1.0043 0.0091-1.0043 0.26 + 0.50%*
24. 0.0042 0.0022 0.0277 0.0249 0.0042-0.0277 0.01 £0.01*

*Shows values are significant at p-value 0.05

The reports that some herbal products contain
potentially harmful adulterants or having widely varying
amounts of ingredients have heightened these concerns
(Ko, 1998; Slifman et al., 1998; Cui et al., 1994; Anon.,
1995, Hussain et al., 2011). The widespread public
opinion is that being natural products, the herbal
medicines are harmless, free from adverse effects and so
even if the expected medical effect is not achieved, their
consumption is not dangerous and WHO presumes that
popularity of herbal medicines is connected with their
ease access, therapeutic efficacy, relatively low cost and
the assumption for absence of side toxic effects (Anon.,
2002). The presence of large numbers of selected
pathogenic bacteria in the analyzed samples of
medicinal plants in this study may be due to process of
harvesting, drying, storage, handling and the soil
influence the which in turns affects the entire quality of
the herbal preparation. Thus, manufacturers should
ensure the highest possible level of hygiene during
manufacturing as well as the lowest possible level of
pathogenic organisms in their herbal products so as to
maintain correct quality, safety and efficacy of the final
herbal preparations. In the present study, the herbal
medicinal plants contained high levels of bacteria, and
the counts were beyond the European Pharmacopoeia
stated limit, and also carried pathogenic Gram negative
bacteria (such as Salmonella and E. coli) that are
expected to be absent. Coliform such as E. coli are the
most reliable indicators of faecal contamination, thus the

test for their presence is an index of the degree of faecal
contamination, which may indicate a possible presence
of harmful disease-causing organisms (Anon., 1992).
These bacteria constitute the intestinal flora of humans
and other animals, and are therefore used as indicator
organisms and as an index of possible contamination by
human pathogens (Anon., 1992). The significance of
faecal bacteria is that if these specific bacteria are
present then other harmful microorganisms may also be
present, such as Salmonella (Forest, 2004). Therefore,
the high recovery rates of these suspected perilous
bacteria from indigenous orally consumed herbal
medications could be of clinical relevance.

The analytical results also showed foreign organic
matter 0-51.3% and fourteen samples showed variation
which was found to be significant. Total ash value of all
samples varies from 1-2-26.6% and three samples had
shown significant variation. The amounts of acid
insoluble matter present in the plants were 0-14.4% and
eight samples had also shown significant variation. The
water-soluble extractive value was indicating the
presence of sugar, acids and inorganic compounds. The
water soluble extractive values in the samples were 4.9-
83.73% and alcohol soluble extractive value was 0.1-
56.1% with two samples had significant variations. The
alcohol soluble extractive values indicated the presence
of polar constituents like phenols, alkaloids, steroids,
glycosides, flavonoids and secondary metabolites
present in the plant sample. The results of the moisture
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content showed that there was remarkable variation
amongst the different medicinal plants samples. 72
(75%) of the samples have greater than 8% moisture
contents. European Agency for the Evaluation of
Medicinal products (1998) suggested that water content
should be included in the list of comprehensive
specifications for herbal medicinal products especially
the powdered forms. The maximum moisture content
limit of 8% /g of herbal preparations are satisfactory
according to National Agency for Food and Drug
Administration and Control (NAFDAC SOP, 2000). The
bacterial counts observed in 75% medicinal plants with
high moisture contents were high, suggesting that high
moisture contents favored the growth of non-pathogenic
as well as pathogenic bacteria in samples analyzed. High
counts of harmful microorganisms such as Salmonella
species may affect the human health and drug quality
and therefore it becomes imperative to improve pl ant
material quality and establishing better hygienic
conditions during medicinal plants supply chain.
Similarly, the low bacterial counts in the other samples
could be attributed to very low moisture contents. A
problem that now occurs is that traditional village-based
activities have been expanded into the global
marketplace and this may bring with it difficulties in
controlling the quality, composition and purity of herbal
supplies (Ernst, 2002).

All analyzed samples contained detectable levels of
arsenic, cadmium, mercury and lead. Arsenic was found
at levels up to 0.0132-0.8990 ppm, cadmium up to
0.0006-0.0082 ppm, mercury 0.0042-1.0446 ppm and
lead up to 0.0116-1.0600. Acasia nilotica and Fumaria
paviliflora purchased from Rawalpindi and open market
were found to contain higher than the limit while three
samples i.e., Acocus calamus, Peucedanum graveolens
and Berberis aristata purchased from open market
contains higher than limit prescribed by WHO. In all
other samples the concentrations of As, Cd, Hg and Pb do
not exceed the limits recommended for medicinal plants
(Anon., 1999). The concentrations of arsenic, cadmium
and lead found in this work were similar to the described
for medicinal plants in Poland (Lozak et al., 2002), Egypt
(Abou-Arab et al., 1999), Argenina (Gomez et al., 2007),
United States (Khan et al., 2001). In Brazil, from the
analyzed 10 types of medicinal plants some samples of
horse chestnut, centella asiatic and Ginco biloba had
cadmium and lead concentrations higher than the
permitted level (Caldas & Machado, 2004). In Italy, the
concentrations of Pb measured in 79 samples of various
herbal medicines were in the same order as in the present
paper while for Cd concentrations up to 0.75 mg/kg were
reported (De Pasquale et al., 1993). It has also been
reported that heavy metals, accumulated naturally in soil,
surface water or through industrial and mining processes,
pose a potential threat to various terrestrial and aquatic
organisms (Greeger 1999; Larison et al., 2000; Dwivedi
& Dey 2002; Hsu et al, 2006; Dhir et al., 2008).
Exposure to high metal concentrations impinges on the
growth and development of plants (Rout & Das, 2003;
Shanker et al., 2005; Dhir et al., 2009). Such growth
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effects result from alterations in physiological events such
as photosynthesis, respiration, changes in lipid
composition, enzyme activity, and distribution of macro
and micronutrients at the cellular level (Sheoran et al.,
1990; Van Assche & Clijsters 1990; Rout & Das 2003;
Shanker et al., 2005, Sarwat et al., 2012).

Conclusion

It may be concluded from this study that most of the
medicinal plants are contaminated with a wide variety of
potentially pathogenic bacteria, some with higher levels
of arsenic and mercury and it has become imperative that
the quality assurance system should be thoroughly
enforced in the medicinal plants supply chain i.e.,
cultivation, collection and distribution. WHO has
developed a series of technical guidelines relating to the
quality control of herbal medicines of which these WHO
guidelines on good agricultural and collection practices
(WHO, 2003) for medicinal plants are the latest. The
guidelines provide a detailed description of the techniques
and measures required for the appropriate cultivation and
collection of medicinal plants and for the recording and
documentation of necessary data and information during
their processing. Despite such guidelines, there is still
considerable  disparity = between knowledge and
implementation. For example, it is a difficult task to train
farmers and other relevant persons as producers, handlers
and processors of medicinal plant materials. While
pharmaceutical and other companies are striving to meet
the requirements for the quality control of herbal
medicines, they cannot force farmers, producers, handlers
and processors to follow good agricultural and collection
practices for medicinal plants. The training of farmers and
other relevant persons is therefore one of many important
measures to be taken to ensure that good agricultural and
collection practices are adopted in order that medicinal
plant materials of high quality are obtained. Quality
control directly impacts the safety and efficacy of herbal
medicinal products. Good agricultural and collection
practices for medicinal plants is only the first step in
quality assurance, on which the safety and efficacy of
herbal medicinal products directly depend upon, and will
also play an important role in the protection of natural
resources of medicinal plants for sustainable use.
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