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Abstract

Theincreasing popularity of Chinese herbal treatment has sparked interest in investigating how
safe these alternative medicines are. This study scrutinized the Chinese herbs used most popularly in
Thailand to identify the presence of heavy metals, microorganisms and aflatoxin contamination. Five
commonly consumed Chinese herbs were investigated: Milkvetch root (Astragalus membranaceus),
Chinese angelica (Angelica sinensis), Goji berry (Lycium barbarum), Chinese yam (Dioscorea
opposita) and Jujube (Ziziphus jujuba). Any heavy metal (arsenic, lead, cadmium), microorganisms
(total viable count; total aerobic microbial count, total combined yeast and mold count), pathogenic
bacteria (Staphylococcus aureus, Salmonella spp., Clostridium spp.) or aflatoxin contamination
were examined. Of the 25 samples, sixteen (64.0%) did not exceed acceptable limits. Nor did the
total aerobic microbial count, total combined yeast and mold count, aflatoxin and heavy metals
exceed permissible limits. Neither Salmonella spp., nor S. aureus were found in any of the samples.
However, significant Clostridium spp. contamination (36.0%) was detected in 9 of the 25 samples.
These health hazards should be addressed systematically and for the long term by the appropriate
consumer protection agencies and related organizations.
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1. INTRODUCTION certainty about the safe and salutary properties
of Chinese medicinal herbs has been lacking®*.
The increasing consumption of medicinal herbs
has led to public health problems where effective
surveillance has not monitored the use, efficacy,
toxicity and quality of these products. In addition,
investigations tend to take place only when
cases of toxic results are reported®. There is
a widespread misconception that consuming
herbs and plants is naturally and inherently
safe. Recently, however, news of adverse,

Medicinal herbs have long been used
by mankind for primary health care. It has been
reported that about 70-80% of the world’s
population depends on medicinal herbs'. In
developing countries as many as 89% of the
people rely on traditional herbal remedies?.
In Chinese communities, medicinal herbs are
widely used for the treatment of various illnesses.
Chinese medicinal herbs in particular are

frequently resorted to as alternative treatments in
cases where commercial pharmaceuticals fail®.

While interest in the therapeutic use
of herbal products continues to grow, scientific

*Corresponding author: alisa@cri.or.th

even toxic, effects linked to the use of herbs
and herbal formulations has drawn greater
attention®. Medicinal herbs become toxic when
they are contaminated with microbes, heavy
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metals, pesticides, and other harmful chemicals®.
The eight common heavy metal pollutants listed
by the EPA (Environment Protection Agency)
are cadmium, arsenic, chromium, copper, nickel,
mercury, lead and zinc’. The toxic impact of
heavy metals in the environment and on human
health has attracted considerable attention in
recent years. Heavy metals have a tendency to
accumulate in the food chain. Plants growing
in contaminated soil become the main avenues
of transfer of these dangers, whether directly
or indirectly, to humans. Heavy metals ingested
can accumulate in the bodies of humans. When
the level of intake reaches a certain stage, the
results are poisonous, and serious health problems
can occur, for example, renal failure, liver damage
and symptoms of chronic toxicity .

Microbial contamination of medicinal
herbs can happen through improper harvesting,
handling, storage, packaging and distribution.
The most likely source of microbial contamination
is from the ground and in processing facilities
(contaminated air, microbes of human origin)’.
Many kinds of microorganisms have been
identified in herbal products, for example,
Bacillus spp., Staphylococcus spp., Acinetobacter
baumannii, Escherichia coli, Enterococcus
faecalis, Aspergillus niger, Psedomonas ae-
ruginosa, Clostridium spp.'®". Ingestion of
some of these microbial contaminants in herbal
products may cause serious health problems.

Besides heavy metals and microbial
contaminants, contamination by aflatoxins in
medicinal herbs has also been reported'. Aflatoxins
are mycotoxins produced mainly by Aspergillus
parasiticus and Aspergillus flavus and, though
rarely, by Aspergillus nomius. Aflatoxins are well
known as one of the most powerful carcinogens
and mutagens. Other toxic effects of aflatoxins
includeimmunosuppression, teratogenicity and
genotoxicity. Its contamination in foodstuff
and animal feed is controlled by legal limits.
The accepted range of total aflatoxins in food-
stuffs and in animal feed are 1-20 ppb and 0-50
ppb, respectively'*. However, the maximum
permissible levels of aflatoxin B1 (AFB1) and
total aflatoxins in herbal drugs are 2 and 4 pg/
Kg, respectively'®. Therefore, increased con-

sumption of herbal medicines could lead to
greater intake of aflatoxins and the likelihood
of more serious health problems.

At present, there is little information
available about the biosafety of medicinal herbs
sold in Thailand. We have developed this work
to contribute to better safety and quality of the
herbals commercially available in the Thai market.
This study aimed to examine the pathogenic
microorganisms, aflatoxins and heavy metals
in five commonly consumed Chinese medicinal
herbs from five different local shops in Thailand.
The report will be used to better inform
considerations of the potential risks for
human health associated with the consumption
of Chinese medicinal herbs.

2. MATERIALS AND METHODS
2.1 Chinese medicinal herbs

In 2014, 25 samples of five commonly
consumed Chinese medicinal herbs - (Milkvetch
root, Chinese angelica, Goji berry, Chinese yam,
and Jujube) - were purchased anonymously
from five different herbal suppliers in Bangkok.

2.2 Quantification of heavy metal

Each sample was dried at 70-80°C for
2 days and then ground into powder. Twenty
milliliters of concentrated nitric acid were
added to each 1.5 grams of ground powder
and then heated at 70-80°C until the remaining
volume was less than 5 ml. The mixtures were
transferred to 50 ml volumetric flasks and
adjusted with de-ionized water. The herbal
solutions were analyzed for arsenic with
Agilent ICP-MS 7500c¢ (Agilent Technologies
Inc., USA) using In-house method TE-CH-134
based on AOAC (2012), 986.15'¢. For lead and
cadmium, samples were analyzed using the
Thermo Scientific iCE 3500 atomic absorption
spectroscopy (AAS), (Thermo Fisher Scientific
Inc., USA)".

2.3 Microbiological methods

Each sample of Chinese medicinal herbs
was cut into small pieces with sterile scissors.
The total viable count of microbial contaminants
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was determined following WHO 2011 Quality
control methods for herbal material's.

2.3.1 Total aerobic microbial count (TAMC)

Ten grams of each sample were diluted
at 1:10 in Soybean-Casein Digest broth and
then serial dilution was performed until the
dilution reached 1: 10°. Each dilution (0.1 ml)
was taken and cultured by spread plate method
on Soybean-Casein Digest agar and incubated
at 35+2°C for 48 hours. The plate with around
30-300 colonies was chosen for the colony
count and the number of the total colony count
was multiplied by the dilution factor.

2.3.2 Total combined yeast and mold count (TYMC)

Ten grams of each sample were diluted
at 1:10 in Sabouraud dextrose broth. Serial
dilution was then performed until a dilution
of 1: 10° was obtained. Each dilution (0.1 ml)
was taken and cultured by spread plate method
on Sabouraud dextrose agar and incubated at
25-30°C for 5-7 days. The plate with about 30-
300 colonies was chosen for the colony count
and the number of the total colony count was
multiplied by the dilution factor.

2.4 Characterization of microbial contaminants
2.4.1 Staphylococcus aureus

Ten grams of each sample were mixed in
100 ml of phosphate buffer saline. Ten milliliters
were transferred into trypticase soy broth and
incubated at 35+ 2°C for 18-24 hours. The
cultivated bacteria were sub-cultured into
mannitol salt agar (MSA) and incubated at
35+ 2°C for 18-24 hours. Isolated colonies of
bacteria were identified by morphological
appearance and standard biochemical tests".

2.4.2 Salmonella spp.

Ten grams of each sample were mixed
in 100 ml of trypticase soy broth (TSB) and
incubated at 35+ 2°C for 18-24 hours. Then 1 ml
of cultivated bacteria were sub-cultured into 10 ml
of Gram-negative broth (GN) and incubated
at 35°C for 18-24 hours. After incubation,
the cultivated bacteria was sub-cultured onto

Salmonella-Shigella (SS) agar and incubated
at 35+ 2°C for 18-24 hours. It was also sub-
cultured into modified semi-solid Rappaport
Vassiliadis (MSRV) medium and then incubated
at 42°C for 18-24 hours. Isolated colonies of
bacteria were identified by morphological
appearance and standard biochemical tests .

2.4.3 Clostridium spp.

Ten grams of each sample were re-
suspended in two bottles of 100 ml of cooked
meat medium. One bottle was incubated at
100°C for 10 minutes and another was incubated
at 65°C for 30 minutes. The bottles were then
sealed with paraffin oil and incubated at 35+
2°C for 48-72 hours. Only the bottles containing
gram-positive bacilli were chosen for anaerobic
culture and identification of Clostridium spp.

2.5 Determination of aflatoxin

Twenty grams of each sample were
mixed with 70% methanol, vortexed for 3
minutes, and then left at room temperature for
5-10 minutes. The clear upper parts were filtered
and diluted at 1:3 with a washing buffer. Aflatoxin
was examined by using the ScreenEZ-Aflatoxin
ELISA Test Kit based on Direct Competitive
enzyme linked immunosorbent assay.

3. RESULTS

The qualitative analysis examined 25
samples of five types of Chinese medicinal
herbs (Milkvetch root, Chinese angelica, Goji
berry, Chinese yam, and Jujube) randomly
collected from five suppliers in Bangkok. All
the samples were analyzed for the heavy metals
cadmium, lead and arsenic. The results are given
in Tables 1-3. The values listed are averages
from 3 determinations. The results show that
all 25 samples were contaminated with heavy
metals such as arsenic, cadmium, and lead, but
within permissible levels.

3.1 Heavy metals contamination

Arsenic was detected at a level of
ND-0.314 ppm. The highest levels of arsenic
contamination in these herbals — an average
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0.125 ppm - were found in Chinese angelica
(Table 1). The level of cadmium contamination
was ND-0.1517 ppm. The highest levels were
found in Chinese yam and Jujube, 0.0389 and
0.0373 ppm, respectively (Table 2). Results for
analyses of the amount of lead contaminant in
Chinese medicinal herbs showed the presence

of lead at levels of 0.018 to 4.707 ppm. The
highest level was found in Milkvetch root with
an average of 2.236 ppm, followed by Chinese
angelica and Chinese yam with an average of
2.154 and 2.147 ppm, respectively (Table 3).
Of the 3 metals assayed, lead had the highest
concentration (0.018-4.707 ppm).

Table 1. The amount of arsenic (ppm) determined in five types of Chinese medicinal herbs

Chinese herbal medicine

Arsenic (ppm)

Shop# 1 Shop# 2 Shop#3  Shop# 4 Shop# 5
1. Milkvetch root ND ND 0.218 ND ND
2. Goji berry 0.185 ND ND ND ND
3. Chinese angelica ND ND 0.185 0.217 0.225
4. Chinese yam ND ND 0.314 ND ND
5. Jujube ND ND ND ND 0.185

ND = not detected (less than detection limit; 0.145 ppm)

Table 2. The amount of cadmium (ppm) determined in five types of Chinese medicinal herbs

. . Cadmium (ppm)
Chinese herbal medicine

Shop# 1 Shop# 2 Shop#3  Shop# 4 Shop# 5
1. Milkvetch root ND ND ND ND ND
2. Goji berry 0.1517 ND ND 0.0001 0.0004
3. Chinese angelica ND ND ND ND 0.0052
4. Chinese yam 0.0496 ND 0.1439 ND 0.0014
5. Jujube 0.0655 0.1202 ND ND 0.0008

ND = not detected (less than detection limit; 0.01 ppb)

Table 3. The amount of lead (ppm) determined in five types of Chinese medicinal herbs

: . Lead (ppm)
Chinese herbal medicine
Shop# 1 Shop# 2 Shop#3  Shop# 4 Shop# 5

1. Milkvetch root 2.971 3.765 4.284 0.143 0.019
2. Goji berry 2.281 3.903 3.991 0.019 0.018
3. Chinese angelica 3.091 2.924 4.707 0.021 0.018
4. Chinese yam 3.196 4.209 3.132 0.179 0.018
5. Jujube 2.804 3.343 3.017 0.020 0.018
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3.2 Pathogenic bacteria contamination

All 25 samples were tested for the
presence of pathogenic bacteria, including
Staphylococcus aureus, Salmonella spp., and
Clostridium spp., and aflatoxin. Table 4 shows
that these samples of Chinese medicinal herbs
were contaminated with aerobic microbes, but
at acceptable levels. The total aerobic microbial

Detection of microbes, aflatoxin and toxic heavy metals in Chinese medicinal herbs commonly consumed in Thailand

count (TAMC) detected in all of the 5 samples of
Milkvetch roots and Goji berry from 5 different
shops showed that 100 percent were contaminated.
The 4 samples of Jujube from 5 different shops
show that 80 percent were contaminated. At
the same time 40 percent, or 2 of the 5 samples
of Chinese angelica and Chinese yam, were
contaminated.

Table 4. Total aerobic microbial count (CFU/g) in five types of Chinese medicinal herbs

TAMC*

Chinese herbal medicine

Shop# 1 Shop# 2 Shop#3  Shop# 4 Shop# 5

1. Milkvetch root 1.9x10° 9.0x10*° 45x10> 20x10> 25x10°
2. Goji berry 40x 10> 35x10> 7.6x10° 55x10° 6.5x10°
3. Chinese angelica TLTC TLTC TLTC  3.8x10*> 4.5x10?
4. Chinese yam TLTC TLTC TLTC TLTC TLTC

5. Jujube 47x100  2.0x10° TLTC  3.6x10* 3.5x10?

* According to Thai pharmacopoeia criteria for medicinal herbs, TYMC must not exceed <5x10” CFU/g TLTC (too low to count)

or S. aureus was found in any of the samples
of Chinese herbs (25/25), but they were all
contaminated with Clostridium spp., found
mostly in Milkvetch root (60%), followed by
Chinese angelica and Jujube (40%), as shown
in Table 6. Of 9 samples contaminated with
Clostridium spp., 8 were identified as C. per-
fringens and 1 was Clostridium spp. (Table 6).

For total combined yeast and mold
count (TYMC), the highest numbers were
found in Milkvetch root and Jujube (40%).
Golgi berry was also found to be contaminat-
ed with TYMC (20%). However, no TYMC
was detected in Chinese angelica and Chinese
yam, as shown in Table 5.

No contamination of Sal/monella spp.

Table 5. Total yeast and mould counts (CFU/g) in five types of Chinese medicinal herbs

TYMC*
Shop# 1 Shop# 2 Shop#3  Shop# 4 Shop# 5

Chinese herbal medicine

1. Milkvetch root TLTC 1x10? 1x10? TLTC TLTC
2. Goji berry TLTC TLTC 5x10? TLTC TLTC
3. Chinese angelica TLTC TLTC TLTC TLTC TLTC
4. Chinese yam TLTC TLTC TLTC TLTC TLTC
5. Jujube TLTC 8.7x10° TLTC TLTC 4.0x 10°

* According to Thai pharmacopoeia criteria for medicinal herbs, TYMC must not exceed <5x10* CFU/g TLTC (too low to count)
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Table 6. Examination of Clostridium spp. in five types of Chinese medicinal herbs

Chinese herbal medicine

Shop#1  Shop# 2

1. Milkvetch root + +
2. Goji berry + -
3. Chinese angelica - -
4. Chinese yam + -
5. Jujube - +
Positive (%)

Clostridium spp. Positive (%)
Shop#3  Shop#4  Shop# 5
+ - - 60.0 (3/5)
- - - 20.0 (1/5)
+ - + 40.0 (2/5)
- - - 20.0 (1/5)
+ - - 40.0 (2/5)

60.0 (3/5) 40.0 (2/5) 60.0 (3/5) 0(0/5) 20.0 (1/5)

3.3 Aflatoxin contamination

Aflatoxin contamination was observed
in Chinese medicinal herbs. Contaminants
have been found in all samples, but not in ex-
cess of the acceptable levels prescribed by the
Ministry of Public Health, Thailand. Compar-
ing the five kinds of Chinese herbal medicines,

Chinese angelica was the most contaminated
with aflatoxin with average of 9.87 ppb, fol-
lowed by Milkvetch root and Jujube with an
average of 4.23 and 4.21 ppb, respectively. Of
these, one sample of Chinese angelica showed
the highest aflatoxin contaminant level of
19.65 ppb (Table 7).

Table 7. The amount of aflatoxin in five types of Chinese medicinal herbs

. . Aflatoxin (ppb)
Chinese herbal medicine
Shop# 1 Shop# 2 Shop#3  Shop# 4 Shop# 5

1. Milkvetch root 2.42 3.35 3.74 5.57 6.06
2. Goji berry 1.62 1.76 1.96 4.56 5.78
3. Chinese angelica 5.68 4.72 6.11 19.65 13.18
4. Chinese yam 1.64 2.11 2.44 4.79 4.83
5. Jujube 2.63 3.19 2.49 6.62 6.10

4. DISCUSSION

At present, the World Health Orga-
nization (WHO) reports that between 70 and
80 percent of the world’s population relies on
non-conventional medicine - especially Chinese
medicinal herbs - for the treatment of disease
and as a food supplement'. Reflecting the high
demand, there are many kinds of Chinese herbal
products available on the market. It is becoming
clear that many of these herbal products are
contaminated with microbes, heavy metals,
chemical toxins, and pesticides. The heavy
metals may reflect the sources of these herbal

materials. The microbial contaminants may be
related to the source and also to the handling
processes. The toxicity of frequently used
Chinese medicines has been shown to affect
the liver and the kidneys as well as the nervous,
gastrointestinal, and cardiovascular systems®.
Chinese herbs sold to the general public, whether
marketed for humans or animals, should have
proven quality, safety and efficacy (QSE).
Monitoring of the microbiological contents
and levels of heavy metal contamination is
very important. This study has attempted to
quantify the presence of heavy metals, aerobic
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bacteria, yeast and mold, S. aureus, Salmonella spp.,
Clostridium spp., and aflatoxin contamination in
Chinese medicinal herbs commonly consumed
in Thailand. For this study, 25 common samples
of Milkvetch root, Goji berry, Chinese angelica,
Chinese yam, and Jujube were obtained from
five different shops.

The heavy metal content (lead, cadmium,
and arsenic) was examined in all 25 samples
by atomic absorption spectrophotometer (AAS)
using Graphite furnace technique. Heavy metal
contaminants were found in different amounts:
ND-0.314 ppm of arsenic, ND-0.1517 ppm of
cadmium and 0.018-4.707 ppm of lead. All are
below the recommended levels according to
legal limits of arsenic (<4 ppm), cadmium
(0.3 ppm), and lead (<10 ppm) in medicinal
herbs and herbal products in Thailand. The
levels of these toxic metals are comparable to
those in previous reports®'?*, in which the levels
of arsenic, cadmium and lead were found not to
exceed the limit of 1, 0.3, and 10 ppm, respec-
tively?. The Chinese medicinal herbs used in
this study were possibly contaminated with
heavy metal from an environment. Awareness of
the ubiquitous presence of these contaminants -
in dense urban settings, for example - should be
kept in mind when collecting medicinal herbs
from cultivated areas which are prone to heavy
metal pollution. At the same time, such
contamination may occur during open-air drying,
preserving or manufacturing processes’® .
Numerous case reports originating from countries
such as the USA, Singapore, Malaysia, Africa,
Belgium, China, and the UK have identified
heavy metal contaminants in traditional Chinese
medicinal herbs®?®. Manganese, copper, cadmium,
ferric, and zinc have all been found in samples
of four commonly consumed herbal medicines in
Malaysia, though generally in low concentrations
(< 1 mg/L) except for manganese (18.545 mg/L).
Boiling was found to reduce the copper content
but not other metals®. The samples in this study
may not appear to pose much risk for heavy metal
toxicity, but real danger is threatened to those who
ingest these traditional remedies too frequently
or in too great a quantity. Contamination by
heavy metal, even in low concentrations, should be
a concern. In the absence of periodic examination

of these markets and these products, we must
assume that the safety of consumers is at risk.
This study also investigated microbial
contaminants. According to Thai pharmacopoeia
criteria for medicinal herbs, TAMC and TYMC
must not exceed 5x10” CFU/g and 5x10* CFU/g,
respectively. In addition, the product should
not contain any pathogenic bacteria. The present
study found that all the Chinese herbs studied
contained, TAMC and TYMC, though within
permissible limits. No contamination of pathogenic
bacteria, S. aureus and Salmonella spp. was
found. However, all five types (9/25 samples/
36%) of Chinese herbs were found to be
contaminated with Clostridium spp., mostly
Clostridium perfringens. Clostridium spp. is
commonly found in the ground, and the spores
can exist in the environment for a long time.
Furthermore, some secondary metabolites
produced by Clostridium spp. can be toxic
and can cause health problems in humans.
In particular, Clostridium perfringens type A
enterotoxin is known to cause diseases of the
gastrointestinal tract. Hence, a person who has
diarrhea due to food poisoning could actually
get worse after taking doses of tainted herbal
medicine. Clostridium spp. contamination is
also dangerous because the spores of Clostridium
botulinum can cause infant botulism. The use
of herbals teas as a natural remedy against
intestinal colic must be avoided in children
younger than one year. Our present study is
consistent with many previous reports. Bianco
etal. found that 7.5% of 200 samples of chamomile
tea were contaminated with the spores of C.
botulinum®. Clostridium spores were also found
in other medicinal herbs. In one investigation,
Clostridium perfringens spores were found in
83.9% of the investigated herbal samples®. To
avoid microbial contaminants and other toxins
in herbal medicine, gamma-irradiation or drying
at high temperature should be performed’.
Chinese medicinal herbs distributed
in Thailand take many forms. There are raw
medicinal herbs, pills, powders, capsules con-
taining powder, Infusions, hot teas, and herbal
drugs preserved in alcohol. On the other hand,
there are many ways to decontaminate herbal
medicines, depending on their form.
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For Chinese herbal decoctions, debris
or dust can be removed by soaking in water
about 30 minutes, then boiling for 10 minutes.
This method decontaminates bacteria without
spores. To destroy proteolytic C. botulinum
spore, heating at 121.1°C for 3 minutes or at
85°C for 52 minutes should be performed®'.
The botulinum toxin itself, as opposed to the
bacterium, can be destroyed by heating at
85°C for at least 5 minutes®>. The vegetative
cells and spores of C. perfringens type Al, a
heat-sensitive strain, can be destroyed by boiling
for just 2-3 minutes. However, spores of the
A2 and C type are more heat-resistant and
must be boiled at 100°C for 30-60 minutes.

Raw materials to be transformed into
powder, pills, or capsules of Chinese medicinal
herbs should be decontaminated by rinsing
with water for at least 10 minutes and dried
under the sun or heat-dried at a temperature of
50-60°C, then blended, or crushed into powder.
Finally, the raw materials should be further
decontaminated by dry heat, moist heat, baking
with ethylene oxide gas or ozone gas, heating
in a microwave, or using Ultra-violet light or
gamma rays. Each method has advantages and
disadvantages and results, to some extent, in
the loss of the drug’s active ingredients. In the
preparation of raw materials for the manufacture
of herbal tea, soaking in boiling water is not
enough to destroy spores of Clostridium spp.
Manufacturers should get rid of debris, dust
and other contaminants from raw herbs before
performing the next steps.

Aflatoxin is a toxic metabolite. It is
produced by Aspergillus flavus (A. flavus) and
A. parasiticus, which can be found throughout
the environment. The toxins are heat tolerant
up to 240-289°C* and cannot be disintegrated
by decoction or even after prolonged boiling.
The Chinese medicinal herbs discussed here
are all made from roots, rhizomes, and the ripe
fruit of herbal plants. The study found that all
the samples were contaminated with aflatoxin,
though within permissible limits (<20 ppb)*.
This result is consistent with several previous
studies which also detected aflatoxin
contaminants in Chinese herbs and the most
commonly used roots, rthizomes and ripe fruits®.

One of the samples of Chinese angelica was
contaminated with aflatoxin (19.65 ppb) to
a degree almost exceeding the permissible
maximum. In the present study, aflatoxin was
found in all the samples. Perhaps soil fungus
thrives in the starch and fat of Chinese herbal roots
and rhizomes. Preventing fungus contamination
in soil could well be the best way to reduce
the aflatoxin which is being absorbed by these
herbs.

In many countries, medicinal herbs are
largely marketed without any oversight from the
Ministry of Health because they are considered
to be food supplements. In other words, they are
not held to pharmaceutical standards of quality.
Both this present study and many earlier ones
strongly recommend that quality controls on
medicinal herbs be tightened and upgraded.
To overcome health problems caused by the
contamination of microbes and heavy metals,
there should be measures stipulating standard
operating procedures (SOP) at source. Good
Laboratory Practice (GLP) and Good Manu-
facturing Practice (GMP) guides are also
needed to produce safe, good quality, Chinese
medicinal herbs.

These findings have implications in the
matter of medicinal herbs for human consumption.
They provide additional data on contamination
by microbes and heavy metals in products
consumed by many Thai people. At the very
least, herbal materials should be harvested
from unpolluted and uncontaminated sources.
Effective quality control of medicinal herbs is
vital if the toxic effects of long term use and
overconsumption are to be prevented.
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