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(" Abstract h
Background

There has been an increase in use of herbal medicine worldwide. It is either used as a stand-alone or complementary therapy to|
conventional medicine due to past good experience, poverty and family traditions. In Malawi, there are no regulations governing the
supply, acquisition, marketing and quality enforcement of herbal medicine. This compromises its safety thereby exposing consumers
to avoidable bacteria and heavy metals leading to various adverse health effects.

Methods

Cross-sectional laboratory experiments were conducted to determine bacterial and heavy metal contamination of herbal medicine
commonly sold in Blantyre, Malawi. A total of 47 samples which were in three formulations namely liquid, powder and tablet were
used in the experiments. 29 samples were used for bacterial limit tests and 18 samples were used for heavy metal analysis. Bacterial
contamination was determined by streak plate method and biochemical tests while heavy metals were determined by atomic absorption|
spectroscopy. Descriptive statistics and t-tests were calculated using Microsoft excel and SPSS software programs.

Results

Twenty out of the 29 samples (68.9%) were contaminated with Bacillus, coagulase negative Staphylococcus, Klebsiella, Enterobacter, Citrobacter,
and other-Coliform bacterial species. Most isolated microorganism was Citrobacter spp. (30%), followed by Bacillus spp. (25%). Out of
20 contaminated samples, 75% were contaminated with coliforms. From these 75% which were contaminated with coliforms, 93.3%
of them exceeded WHO regulatory limit (103 CFU/g for enterobactetia). Although liquid samples had the highest level of bactetial
contaminants, the count was not statistically different from other formulations (P = 0.058). For heavy metals, lead and cadmium were
detected and 67% of the samples had lead levels exceeding regulatory limits.

Conclusion

Levels of bacterial and lead contamination in herbal medicine from Blantyre markets are far above acceptable limits set by WHO and|
Canadian guidelines. The use of these herbal medicines is a major risk to the health of consumers.
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Introduction pathogens are indigenous to the soil hence the contamination

The use of herbal medicine has increased globally due to
people’s dissatisfaction with conventional medicine, past
good experience, poverty and family traditions'. It is an
undeniable fact that traditional medicine plays a vital role
in global health and marketing, although it raises interesting
safety questions"**. For instance, in developing countries
like Malawi there are no regulations that apply to the
manufacturing of herbal medicines and there are currently
no safety requitements'. Lack of mechanisms to monitor
contaminants of herbal medicine such as bacteria and
chemicals and assessment of good professional practices
from providers side, might be adverse health risk factors to
users of herbal medicines'.

Indeed, bacteria are increasingly threatening safety of food
and herbal medicine and are among the leading causes
of morbidity and mortality in low and middle-income
countries”’. Plant materials are usually contaminated with
acrobic and enterobacteria which are the major causes of
gastroenteritis, diarthoea and food poisoning® #'°. These

of the herbs is attributable to growing, harvesting and
post harvesting practices'"*. Sometimes herbs are heavily
contaminated during marketing as a result of poor hygiene®
15 The total number of microorganisms in a medicinal
plantis influenced by the antibacterial properties of the plant,
distance of the plant from the soil and the ratio between
the size of the plant surface and the sample weight of the
herbs and climate*. Antibiotic resistant strains of Bacillus
spp., Enwvinia spp., Ewingella americana, Staphylococcus spp. and
Enterobacter cloacae have been isolated from various medicinal
plants which are some of the sources of infections'. This
resistance is due to the presence of antibacterial properties
which forces microorganisms to mutate and render
resistance to antibiotics with similar chemical structures as
a result of misuse of herbs!"?’. Infectious diseases caused
by antimicrobial-resistant microbes (ARM) have been
frequently reported for decades %',

In addition to bacterial contamination, the presence of heavy
metal contaminants in herbal medicine and food has become
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a public health concern as non-communicable diseases
continue to threaten human health globally . The World
Health Organization (WHO) has set guidelines for tolerable
human exposures for some important foreign matter, metals,
organic, microbial toxins and radioactive pollutants in herbal
materials®. Medicinal plants are commonly contaminated
with metals when they are grown in areas of mining,
roadsides, smelting pollution, anthropogenic processes (i.e.
application of organic manures, synthetic fertilizers, lime
and unhygienic storage conditions)* *. Several reports have
also indicated that herbal medicines are largely contaminated
by human beings through deliberate addition of heavy
metals due to their perceived medicinal properties™ **.
Most of these contaminants can be minimized if sufficient
attention is given to good agricultural practices, preparation,
collection, packaging, quality assurance and control of
herbal medicines™ .
These practices do not
only impact on herbal
safety and efficacy but
also consumer safety
and international
trade. Heavy metal
contamination of herbal
medicine has caused
serious health risks to
human beings even at a
very low concentration
than previously
anticipated. Among
others several cases
of human diseases,
cancers, cellular damage,
malfunction and
malformation of organs
have been reported’*'.
It is estimated that
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herbal medicine* * yet there is no safety regulations that
govern their use. Until now, there is no published report on
bacteriological and heavy metal contamination of Malawian
herbal medicine. In this sense, the present study was
therefore carried out to determine bacterial and heavy metal
contamination of the commonly used local herbal medicine
in Blantyre, Malawi.

Materials and Methods
Study design

The study employed an experimental based design. This
involved laboratory analysis of bacteria and heavy metals of
collected herbal medicine.

Preliminary ethnobotanical study, sample selection
and collection

Preliminary ethnobotanical exploration was carried out
among 8 herbal sellers and 2 herbalists after giving their oral
informed consent. This initial study determined which herbal
products were commercially available and populatly used in
Blantyre, Malawi (Figure 1). Eight species of herbal medicines
which were traditionally used for body detoxification and
cleaning, treatment of constipation, gastrointestinal tract
detoxification, manhood power enhancement, treating
abdominal pain, and diarrhoea, were collected. The
formulations were identified in local language (Nyanja) and
were reported as nchape (detoxifier), oletsa kudzgimbidwa (for

Rilometars

Figure 1. Map of Blantyre city indicating study sites

nine (9) packets of tablets formulations of herbal medicinal
samples were collected giving a total of 29 samples for
bacterial analysis. Six samples from each formulation were
used for heavy metal determination. The herbal medicines
were collected aseptically and packaged in clean containers
and transparent polyethylene bags. Then after, the samples
were transported to Malawi Adventist University, Malamulo
College of Health Sciences Campus and Malamulo Hospital
Microbiology Laboratory for bacterial contamination analysis.
Heavy metal contamination analysis was carried at University
of Malawi, Chancellor College Chemistry laboratory. All the
samples were coded and analyses were done in duplicates
for microbiological (WHO?®) and triplicates for heavy metal
samples.

Identification and quantification of bacterial
isolates

Upon arrival in the laboratory, bacteriological contaminants
were determined according to WHO? and National
Committee for Clinical Laboratory Standards (NCCLS) *
guidelines. All aseptic and quality assurance requirements
were followed accordingly during bacteriological analysis of

herbal medicine. One gram (g) of each herbal product was
Https://dx.doi.org/10.4314/mmj.v32i3.8 .
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Table 1. Frequency of bacterial contaminants from herbal medicinal
samples (n=20)

Bacterial isolate Number of Gram stain r
contaminated | eaction
samples
(percentage)

Bacillus spp. 5(25%) Gram positive

Citrobacter spp. 6(30%) Gram negative

Co.N. Staphylococcus spp. | 1(15%) Gram positive

Enterobacter spp. 3(15%) Gram negative

Klebsiella spp. 2(10%) Gram negative

Other-coliform 3(15%) Gram negative

n: sample size, spp.: species, Co. N: coagulase negative
suspended in 1 millilitres (ml) of sterile room temperature
distilled water. Then after, the contents were mixed
thoroughly using a vortex mixer (IKA, Vortex Genius 3, UK)
and sieved aseptically. Serial dilution was performed and then
0.1 ml of the contents were transferred and inoculated into a
sterile culture media in a petri dish using streak plate method.
The tests were performed in duplicates and expressed as a
mean of duplicate samples. The media used for bacterial
determination were plate count agar, Mannitol salt agar,
Salmonella-Shigella agar, MacConkey agar and nutrient agar
(Schatlau, Germany). The plates wete incubated at 37°C for
12-18 hours. After incubation, presence of distinct colonies
on the media was regarded as positive and colony forming
units were determined. Bacterial isolates on each culture
were gram stained and following the results, isolates were
then biochemically identified.

Determination of heavy metal levels

Determination of lead, mercury, arsenic and cadmium levels
in herbal medicinal samples was done according to WHO?
and ODbi ez a/. * with slight modifications. Sample preparation
for elemental analysis involved accurately weighed, finely cut
and homogeneously mixed solid samples in a cleaned silica
crucible for wet oxidation digestion in order to release the
elements. Heavy metal free HNO,- HCIO, di-acid mixture
was used for wet oxidation digestion. Then after exactly 1
g of the sample was weighed on an analytical balance and
3 ml of nitric acid was added to the sample. The mixture
was then placed in a 250 ml conical flask on a hot plate
for 1 hour at 145°C. After that, 4 ml of di-acid mixture
(HNO3 and HClIO4) was added and the mixture was left
on the hot plate for another hour with adjusted temperature
of 240°C until the brown fumes cleared. The sample was
left to cool. The digestion mixture was filtered into 100
ml Calibrated volumetric flask using Whatman no 1 filter
paper and diluted up to the mark with double-distilled water.
The filtrate was used for determination of heavy metals by
Atomic absorption spectrometry (AAS), AA240FS Model
by Agilent Technologies, Australia. The Standard solutions
were prepared and every sample was tested in parallel with
a blank. All the aforementioned chemicals were of analytical
grade and purchased from Sigma, UK.

Data analysis

Data analysis was done using Microsoft excel (Microsoft
office professional plus 2013) and Statistical Package for
the Social Sciences (SPSS) version 22 (SPSS Inc. Chicago,

1L, USA) at 0.05 significance level. Descriptive statistics and
t-tests were calculated.

Results

Level of bacterial contamination

Results of bacterial contamination of herbal medicine
are presented in Table 1. Irrespective of the herbal
medicinal formulation, 68.9% (n = 20) of the samples
were contaminated with pathogenic bacteria of which 75%
were contaminated with coliforms. The most prevalent
bacteria isolated from the samples were Citrobacter spp. while
Coagulase negative Staphylococcus spp. were the least common
bacteria recovered (Table 1).

Table 2. Levels of heavy metals in selected herbal medicine (n=18)

Type of Amount in Percentage of samples
Heavy metal | samples (mg/g) exceeding
(meanxSD) acceptable limits
Lead 0.091+0.107 67%
Mercury <0.001 (undetectable) | 0%
Cadmium 0.0026+0.0018 1%
Arsenic <0.045 (undetectable) | 0%

Lead, Mercury, Arsenic and Cadmium detection limits were
<0.001, 0.001, 0.045 and 0.0014 respectively.

The pattern of bacterial contamination in herbal medicine
for all the formulations is summarized in Figure 2. It was
observed that a single sample was able to have different
types of microorganisms as shown in Figure 2 where both
Enterobacter and Bacillus spp. were detected in Lunzu powder
sample 1. Out of the total coliform contaminated samples,
93.3% (14 out of 15) exceeded WHO regulatory limit of
10° colony forming unit (CFU)/g (for enterobacteria) for
medicinal plant materials intended for internal use®, with
a mean count of 1506.7 CFU/ml. In contrast, total colony
forming units of aerobic organism were within WHO
acceptable regulatory limits (10° CFU/g for aerobic bactetia)
with mean count of 1283.3 CFU/ml. However, there was
no significant variation (P= 0.051) in mean colony forming
units between coliforms and aerobic bacteria. Citrobacter spp.
was the most frequently detected organism and had highest
number of colony forming units of 2500 per ml in one of
the Limbe liquid samples while Klebsiella spp. had the least
number of 400 detected in Lunzu tablet sample. Bacz//us spp.,
Co.N. Staphylococcus spp. and Klebsiella spp. were among the
least isolated bacteria. However, it was noted that they had
similar occurrence pattern and they were the only genera
which were detected in tablet samples. There was no obvious
pattern of bacterial contamination occurrence with exception
for Enterobacter spp. whose occurrence was only observed
among powder formulations. It is worth noting that overall,
Bacillus spp. was not only the second most detected species
but also the only species which was detected almost in all the
three sample formulations. It is also worth to note that the
total bacterial count was not statistically different among the
three formulations (p = 0.058).

The levels of bacterial contamination in herbal products
samples obtained from Limbe, Mibawa and Lunzu markets
of Blanyre City in Malawi are summarized in Figure 3.
Liquid formulated samples had the highest level of bacterial

Https://dx.doi.org/10.4314/mmj.v32i3.8
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Level of bacterial contamination in individual samples

(cfu/ml)

LL1 Citrobacter spp
MT2 CO.N. Staphylococcus 2500 LL2 Bacillus spp

MT1 Bacillus s
i 2000

MP2 Enterobacter spp 1500

MP1 Citrobacter spp
LZP2 Klebsiella spp

LZP1 Enterobacter spp

LZT Klebsiella spp

LZL Citrobacter spp

ML Other-coliform spp

LP2 Bacillus spp LP43 Bacillus spp

Figure 2. Pattern of bacterial contamination in herbal medicine.
LLI Limbe liquid 1, LL2 Limbe liquid 2, LL3 Limbe
liquid 3, LL4 Limbe liquid 4, LL5 Limbe liquid 5,
ML Mibawa liquid, LZL Lunzu liquid, LZP Lunzu
Powder, LZT Lunzu Tablet, LPI Lunzu powderl,
LZP2 Lunzu powder 2, LP1 Limbe powder 1, LP2
Limbe powder 2, MP1 Mibawa powder 1, MP2
Mibawa powder 2. LP4 Limbe powder 4, LP5 Limbe
powder 5, LP3 Limbe powder 3, LTI Limbe tablet 1,
MT Mibawa tablet.
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Figure 3. Level of bacterial contamination in different herbal
medicinal formulations.

contaminants with a mean range of 1400 to 1792.86 CFU/
ml in Mibawa and Limbe samples respectively. Tablet
formulated samples had the least number of detected
bacterial contaminants which ranged from 400 to 750 CFU /
ml in Lunzu and Mibawa samples respectively. Interestingly,
it was noted that there were no statistical mean differences in
the levels of bacteria among the three markets.

Heavy metal contamination

Heavy metal contamination was observed in medicinal herbs
(Table 2). Of all the 4 heavy metals analysed, lead was the
most contaminating metal with mean value of 0.091%+0.107

LL3 Other-coliform spp

LL4 Citrobacter spp

LLS Enterobacter spp

LP1 Bacillus spp

LP1 Enterobacter spp

LP2 Other-coliform spp

Ligiud (1) Powder(2) Tablet(1)

Mg/g.  Contamination levels — were
compared to Canadian regulatory limits
[23] and 67% (n = 18) of the samples
had lead levels exceeding the limits while
11% of the samples had cadmium levels
exceeding the aforementioned limits [23].
The highest concentrations of metal
contamination were observed in liquid
samples. Of the four metals, only mercury
and arsenic were below detection levels.
Discussion

The present experiment was conducted
to determine bacterial and heavy metal
contamination of herbal medicine. The
data from the present study makes it clear
that bacterial contamination in herbal
medicine is persistent in Malawi. In our
study, coliform bacteria were commonly
isolated organisms with Citrobacter spp.
as the common contaminant which
indicates poor sanitation*’. The prevailing
risk of bacterial contamination of herbs could be attributed
to poor agronomic, preparation and packaging practices' ™.
Moreover, there is no national guidelines and efficient
safety systems on the use of herbal medicine in most of the
developing settings. This is an indication that measures set by
the WHO through its guidelines are not being implemented
by the regulatory authorities such as Pharmacy Medicines
Regulatory Authority and the Malawi Bureau of Standards.
This may have resulted in trade of herbal medicines that are
not safe for consumption.

Bacillus spp. were the only gram positive bacteria which were
isolated in most of the herbal medicinal
samples. The presence Baci/lus spp. could
be due to its ability to form spores given
unconducive environment, as such they
can exist in the environment for a long
time. Unfortunately, consumption of
contaminated food with preformed toxin
of Bacillus and viable Citrobacter organisms
has been associated with food poisoning
and other non-gastrointestinal infections
in human beings** For instance, toxin
produced by these organisms is known
to cause diseases of the gastrointestinal
tract* %, Diarrhoea is one of the leading
causes of morbidity and mortality in
Malawi® "> %, probably intake of herbal
medicines could be an important
risk factor in this population. It is an
undeniable fact that in Malawi herbal
medicine is consumed as supplements and drugs, although
we were unable to find published evidence to support this
view.

On the contrary, the present study has lower bacterial
count than the studies conducted elsewhere” ' > > These
differences could be as a result of variation in geographical
area and physicochemical properties associated with herbal
medicine which influence microbial distribution and their
number™. Interestingly, Bacillus spp. was reported as the most
contaminating organism by others”. Furthermore, some
studies have reported the presence of Salmonella typhi, Shigella
spp. and Escherichia coli unlike in the present study™. Absence
of these microbes in the present study may mean that herbal

LL7 Citrobacter spp

LL8 Citrobacter spp

Lumzu
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medicines in Blantyre are not that highly contaminated
because WHO demands the limit of these to be nil. More
can be done to educate the traditional healers.

Although the majority of the samples recorded total count
beyond the WHO recommended levels the results herein were
highly variable among the samples. The relatively low levels
of bacterial contamination encountered in tablets samples
were due to the absence or low levels of moisture content
since the tablets were highly dried as indicated by the vendors.
This indicates that herbs prepared as tablets are arguably
safer and yields acceptable bacterial levels. Similarly, drying
of powdered samples reduced the moisture content of the
samples which is one of the microbial growth requirement™’.
However, the levels on average are not acceptable as they
are beyond WHO regulatory limits. High levels of bacterial
count in some samples especially in liquid samples may have
resulted from the use of contaminated water or the samples
coming in contact with contaminated soil prior to their
preparation. The researchers noted that, herbal preparations
were made in an open environment making it more likely to
get contaminated as opposed to close compartment. It was
also observed that clean water was scarce in these sampled
markets, majority using unsafe unpiped water means (i.e.
rivers, untidy basins, rainy water from iron sheets etc.). It is
obvious to conclude that these levels of contamination can be
shared with our neighbouring countries, hence most of these
herbs are sourced from Mulanje Mountain which borders
Malawi and Mozambique while other vendors indicated that
their herbs are obtained from Mozambique and Tanzania.
It is therefore recommended that training vendors would
be vital in prevention of bacterial contamination of herbal
products. Besides this policies and regulations concerning
herbal safety must be acknowledged and implemented by
authorities.

The heavy metal levels found in the present study are
comparable to existing studies in other parts of the
universe® ** %, However, the levels reported herein exceed
Canadian regulatory limits for 67% of lead and 11%
for Cadmium. This could be due to variation in soil and
geoclimatic characteristics, growing site, species or genotype
and agrotechniques which affect heavy metal content in
medicinal and aromatic plants®®. It is also tempting to
speculate that the herbal medicine sold in Blantyre do not
contain deliberate added heavy metals, hence the levels of
lead and Cadmium were marginal while Mercury and Arsenic
were undetectable. The levels were evenly distributed among
the sampled markets. The presence of lead and cadmium in
herbal products could be linked to the fact that the medicinal
plants obtained these elements from the soil during growth
via roots which remained in the plant tissues after processing
ot unhygienic post processing storage conditions® > 7.
Heavy metals must be regularly monitored because from this
study lead and cadmium were found at high concentrations.
This could be due to widespread use of organic manures,
synthetic fertilizers, lime, which could contaminate herbal
plants through water sources. Increased use of lead and
cadmium in industrial products such as batteries, paints and
other electronic products which are unhygienically disposed
of to pollute the environment is a major culprit’™ *’. The
presence of heavy metal content exceeding the Canadian
regulatory levels herein have a greater health implication
as cumulative toxic impact can have negative effects.
Additionally, individuals would get heavy metals from food
and ground water which can increase bioavailability of

these elements in the body. It is therefore, proposed that
some studies must be conducted to assess bioavailability
of heavy metals among individuals using herbal medicine
and also content of heavy metals in food Products. It is
highly recommended that these metals must be monitored
and vendors must be trained in good agronometric and
processing practices. Since heavy metals are associated with
soils where herbal medicines were grown, further study to
determine geographical location where herbal medicines are
coming from in Malawi would give a clue as to which region
or location is showing pattern of heavy metals and advice
can be given accordingly to the herbalists.

Heavy metals are not easily noticed by consumers and their
cumulative effect may lead to serious adverse health issues.
As such consumers must be protected and interventions
are needed to enforce the policies and regulations. Similar
metals were detected in herbal products elsewhere* *® and
the authors concluded that it is an indication of global
emergency and countries must step up with safety measures
before tremendous disabilities are registered by consumers.
Conclusion

The levels of bacterial contamination are of concern, and
therefore regulatory measures need to be enforced to reduce
bacterial contamination levels to the WHO regulatory limits.
The common organisms detected are coliforms such as
Citrobacter, Enterobacter, Klebsiella, other-coliforms and gram
positive aerobic Bacillus and coagulase negative Staphylococcus
species. Occurrence of the majority of these organisms
exceeded WHO regulatory limits. The herbal medicinal
samples contamination with lead exceeded the Canadian
regulatory limits while arsenic and mercury were within
regulatory limits. This should serve as a wake-up call for
action for national regulatory authorities. Such action should
involve instituting of national regulations and guidelines
on use of herbal medicine and set limits for natural
contaminants. It is highly recommended that societies and
the decision makers need to be educated about bacterial and
heavy metal contamination of herbal medicine.
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