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ABSTRACT

Source of support: Nil

Background and objectives: As an indispensable dietary
component, fresh fruits and vegetables, which are often
consumed raw, have been reported to harbor large microbial
populations often culminating in enteric disease outbreaks. The
present study aimed to assess the microbial quality of coriander and mint and find the efficacy of potassium permanganate
(KMnO4) in effectively removing such microbes.

Conflict of interest: None

Materials and methods: Ten grams each of fresh, unstored
green coriander (n = 50) and mint (n = 50) samples were
examined for their parasitic and bacterial content before and
after washing with tap water and with an aqueous solution of
0.001% KMnO4. The different species of bacteria, as well as
their main burden in these herbs, were also estimated along
with the parasites they harbored.
Results: Only 22% unwashed herbs harbored parasites
which were reduced to a significant number on washing with
tap water. One hundred percent of the herb samples before
washing, and 98% of tap water washed herb samples were
contaminated with bacteria. A total of 33 different species of
bacteria were isolated, from members of the family Enterobacteriaceae (56.3%) Pseudomonadaceae (15.6%), Vibrionaceae
(9.4%,), and Acinetobacteriaceae (6.2%). These bacteria were
significantly removed after treatment with KMnO4.
Conclusion: The study reveals the presence of harmful enteric
bacteria and parasites in fresh green coriander and mint which
are liable to cause enteric diseases. We recommend that all
the fresh produce which is consumed raw should be treated
with 0.001% KMnO4 after tap water washing to render them
safe for consumption.
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INTRODUCTION
Attention to fresh fruits and vegetables as vital dietary
components is noteworthy and has been linked to
maintenance of well-being of individuals and have protective properties.1 Fresh green coriander and mint are
such leafy fresh produce known by their scientific name
Coriandrum sativum L and Mentha arvensis respectively.
Indians are familiar with these herbs as dhania and pudina.
These are usually consumed raw as garnishing agent on
culinary dishes, like salads and dips (chutney), etc. They
not only enhance the aroma of food but also supplement its nutritional and medicinal values.2-8 Therefore
it is essential to include these herbs in our daily meals.
Besides their benefits, they have been shown to anchor
important human pathogens which can be transmitted
during the consumption of such raw vegetables.9,10 The
larger and uneven surface of leafy fresh produce enable
microbes to attach easily to their surfaces. Unfortunately,
the increase in consumption of such raw fresh produce
has been correlated with an increased frequency of outbreaks of enteric illness. According to a report in 2013 by
Jonathan et al.,11 pathogens like Escherichia coli, Salmonella,
Vibrio cholerae, etc., have been found in fresh produce like
lettuce, peppers, and others, increasing the probability of
outbreaks through their raw consumption.12,13
Although production practices, growth conditions
and location of the edible part during growth can affect
their microbial status, nevertheless these diverse microbiomes can pass through stomach to the gut where they
establish specific associations with the host resulting
in various effects on human health of the consumers.14
Recently, interesting relationships have been found
between gut microbiota and obesity, malnutrition, cancer,
etc., in which microbial balance is critical for maintaining
the healthy state.14,15
Studies have reported the use of potassium permanganate (KMnO) to disinfect water for drinking purpose.16
Due to its oxidizing properties, it can kill pathogenic
organisms. Owing to its antiseptic properties, it has been
incorporated in mouthwash for treating gingivitis and
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is also being used for vaginal and urethral irrigation.17
Maximum permissible limit of KMnO4 to be used is 0–4
mg/kg aqueous solution. Ingestion of small amounts up
to 200 mg/L (approximately 4 mg/kg aqueous solution
of KMnO4) has been associated with gastrointestinal
distress.16
To the best of our knowledge, there are no reports in
the literature regarding the microbial population harbored by these fresh herbs. Whether routine washing
of these herbs with tap water, (which is usually done in
every household) is sufficient to free them from microbes
has also not been documented. This limitation in knowledge prompted the present study with the aims (i) to
evaluate the microbial quality of fresh herbs and (ii) to
assess the efficacy of KMnO4 treatment for removal of the
microbes from the herbs.

MATERIALS AND METHODS
This four-month (April–July 2017) cross-sectional study
was done in the Department of Microbiology of our
tertiary care hospital after clearance from Institutional
Ethics Committee. The samples of fresh coriander and
mint (10 g each) were obtained from the same grocer at
a thrice-weekly interval, placed in sterile plastic bags and
taken immediately to the laboratory. Only aerial parts of
the herbs were used for the analysis. The microbiological
status of 50 samples each of fresh unstored coriander and
mint were examined and the effective removal of their
microbial content was assessed by treating with 0.001%
KMnO4.

Assessment of the Presence of Microorganisms
(a) In samples of unwashed fresh herbs: Ten gram each of the
herbs were washed directly in 50 mL of sterile distilled water in a sterile beaker for one minute to find
out the microorganisms (parasite/bacteria) present.
Water left after washing the herb was centrifuged at
756 g for 15 minutes. The deposit thus formed was
used for wet mount microscopy to look for the presence of parasites and culture was done for isolation
of bacteria as follows:
Saline and iodine wet mount were prepared from
all the centrifuged deposits and looked for the presence
of parasites. Giemsa stain was done for confirmation
wherever necessary.
Deposits were directly plated onto blood agar, MacConkey agar, xylose lysine deoxycholate (XLD) agar and
Bile salt agar (BSA) and incubated at 37°C in the ambient
aerobic atmosphere.
Deposits were also inoculated in enrichment media
(Selenite F broth and alkaline peptone water) and incu-

bated at 37ºC for 4 hours before subculturing onto XLD
and BSA respectively.
The growth was assessed after 24 hours of incubation
and isolated bacterial colonies were processed by using
Microscan Walk Away system (Beckman Coulter, USA)
for identification of bacterial species.
(b) In fresh herb samples after washing them with tap water:
For assessment after washing, the same sample of herb
was washed under running tap water for 15 seconds
and then washed in a sterile beaker containing 100
mL of sterile distilled water for one minute to assess
the effectiveness of household washing process for
removal of these microorganisms. For this, 50 mL of
above water was again centrifuged at 756 g for 15
minutes and the deposit similarly used for evaluation
of parasites and bacterial culture as described above.
(c) In fresh herb samples after washing them with KMnO4:
In the remaining 50 mL of the above water, 0.0005 g
of KMnO4 (0.001% KMnO4) was added and kept for
one minute. Next, this water was centrifuged at 756 g
for 15 minutes, and the deposit was used to assess the
efficacy of KMnO4 in removing the microorganisms
as described already.
After completion of the work all the strains were
discarded as per BMW guidelines 2016.18

Statistical Tools
The results from the study were loaded onto a excel
sheet and data analysis was performed using R software version 3.4.2 (R Core Team 2017).19 McNemar’s
Chi-squared test with continuity correction was used to
evaluate the correlation between the results obtained after
analysis of bacterial and parasitic content in unwashed,
tap-water washed and KMnO4 treated samples. A p-value
of <0.05 was regarded as significant.

RESULTS
A total of 100 samples of herbs (coriander N = 50; mint
N = 50) were assessed for their parasitic and bacterial
status. Overall five different parasites and 33 different
bacterial species were found in the herbs.

Microorganisms Isolated
(a) From unwashed fresh herb samples: Twenty-two of the
100 unwashed herb samples showed the presence
of 11 parasites of 5 different types and 33 different
bacterial species.
(b) From herbs washed with tap water: Only one sample
of tap water washed herb yielded a single type of
parasite. There was a significant reduction (p = 0.0044,
McNemar’s test) in the parasitic count in the tap water
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washed samples compared to unwashed samples.
Ninety-eight of the 100 tap water washed herb samples
yielded presence of 23 different bacterial species.
Tap water washing did not reduce the bacterial load
significantly.
(c) From fresh herbs samples washed with KMnO4: Only one
of the 100 KMnO4 treated herb samples showed the
presence of a single gram-negative bacterial species.
None of the KMnO4 treated samples yielded the
presence of any parasite. KMnO4 treatment was able
to significantly reduce the bacterial contents of herbs
from 98% to 1% (p <0.001, McNemar’s test).
One hundred percent of unwashed and 98% of tap
water washed samples contained bacteria whereas
22% of the unwashed and 1% of the tap water washed
samples were contaminated with parasites (Graph 1). The
parasites stained with iodine and/or with Giemsa are
depicted in Figure 1. Tap water washing did not reduce
the bacterial load of the herbs to a great extent, whereas
treatment with KMnO4 reduced the bacterial load significantly (Graph 2). Amongst all the 33 different species
of bacteria isolated from the herbs samples, 57.57% were
found to be enteric pathogens of which 25% were coliforms. Predominantly enteric bacteria were found in all
the samples before washing and after washing with tap
water (Graph 3).

The microbes before and after washing the herbs
were compared. The absolute number of different
parasitic ova/cyst/larva that was found in the herb
samples before and after washing is shown in Table 1.
When bacterial contamination in the herb samples was
checked more than 50% of the bacteria were retained
even after washing with tap water. Gram-negative
bacilli (GNB) were found in the majority (96.9%) of
the herbs samples of which E. coli, Pseudomonas aeruginosa, and Klebsiella pneumonia were found in very high

Graph 1: Distribution of organisms found in the herb samples

Graph 3: Enteric bacteria found in herbs before and after washing

A

B

C

Graph 2: Number of different types of bacteria found in herbs
before and after washing

D

E

Figs 1A to E: Parasites found on fresh unwashed herbs. (A) Strongyloides larva in iodine wet mount (40X); (B) Ascaris egg in iodine
wet mount (40X); (C) Taenia egg saline wet mount (40X); (D) Chilomastix trophozoite on Giemsa stain (100X); (E) Blastocystis hominis
on giemsa stain (100X)
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Table 1: Parasites found from herb samples before and after washing
Herb
sample
Unwashed
Washed
KMnO

Parasite
Strongyloids
2
0
0

Ascaris
4
0
0

Taenia
2
0
0

Chilomastix
1
0
0

numbers. From the total different species of bacteria
isolated, members of the family Enterobacteriaceae, Pseudomonadaceae, Vibrionaceae, and Acinetobacteriaceae were
found in 56.3%, 15.6%, 9.4%, and 6.2% respectively.
The main enteric pathogens isolated from the present
study were E. coli, Plesiomonas shigelloides, V. cholera,
Aeromonas hydrophila, Yersinia enterocolitica, Shigella
dysenteriae in that order (Table 2).
The stool sample of the particular vendor from which
the herb samples were procured did not reveal any enteric
pathogens during the study period.

Blastocystis hominis
2
1
0

Total
11
1
0

McNemar’s test
p = 0.0044
–

DISCUSSION
The present study aimed to evaluate the microbial status
of the coriander and mint which are commonly consumed raw as condiments. The current study revealed
the presence of parasites in 22% of unwashed herb
samples. Studies from Sudan report lower (13.5%)20
rate of protozoa and helminthic parasites in their fresh
produce whereas those from Nigeria (36%)21 and Ethiopia (54.4%) 22 document higher contamination rate. The
present study further reports the most common parasite
contamination in fresh unwashed herbs by eggs of Ascaris

Table 2: Bacterial species isolated from herb samples before and after washing
GPC

GNB
LF

GNB
NLF

GNB
NF

Organisms

Unwashed

Washed

KMnO4 treated

MRSA
MSSA
Total
Citrobacter freundi
Klebsiella pneumoniae
Escherichia coli
Citrobacter koserii
Enterobacter aerogenes
Pantoea agglomerans
Kluyvera cryocrescens
Enterobacter cloaca
Enterobacter intermedius
Escherichia hermannii
Enterobacter amnigenes
Klebsiella oxytoca
Citrobacter diversus
Total
Vibrio cholera O1 Ogawa
Aeromonas hydrophila
Proteus rettgeri
Yersinia enterocolitica
Shigella dysenteriae
Plesiomonas shigelloids
Burkholderia cepacia
Cedeceae lapagei
Total
Pseudomonas aeruginosa
Alcaligenes faecalis
Acinetobacter lwofii
Bordetella bronchiseptica
Ralstonia paucula
Pseudomonas putida
Pseudomonas stuarti
Pseudomonas oryzihabitans
Achromobacter xylosoxidans
Acinetobacter baumannii
Total

0
1
1
12
32
14
1
5
4
1
3
1
0
1
0
1
75
2
2
1
1
1
3
1
1
12
24
6
1
1
1
1
0
1
0
8
43

1
0
1
10
26
12
1
7
4
1
1
0
1
0
1
2
66
1
1
1
0
0
3
0
0
6
22
3
1
0
0
0
1
1
1
6
35

0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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lumbricoides which is comparable to studies from Ethiopia22 and Philippines.23 The ubiquitous distribution and
tough character of eggs of this parasite that enables them
to survive unfavorable conditions (absence of oxygen,
desiccation for 2 to 3 weeks, 5 to 10°C for 2 years) might
account for its dominance over other parasites.24 The
absence of hookworm ova in our study is analogous to
accounts from Ethiopia22 and Egypt25 probably because of
the very short lifespan of this ova in the soil. However, its
presence in fresh produce in Nigeria21 may be attributed
to differences in geographical location, climatic conditions, and soil types.
The present study also found contamination of
bacteria in 100% of unwashed and 98% of tap water
washed herb samples. From the total 33 different bacterial species isolated, this study has identified 57.57%
of them to be enteric bacterial pathogens in unwashed
herb samples of which 25% of them were coliforms.
This is comparable to a recent study from Lome done
on lettuce samples reporting similar findings (20%) of
coliforms.26 The present study detected bacteria in all
the 100 unwashed samples and 98 washed samples of
herbs. Bacteria detected belonged to family Enterobacteriaceae (56.3%), Pseudomonadaceae (15.6%), Vibrionaceae
(9.4%), Acinetobacteriaceae (6.3%) in the herb samples.
A study from Colorado, USA, shows comparable
reports of microbes belonging to Enterobacteriaceae
family from strawberries whereas higher percentages
(87.6%) of bacteria from the same family were detected
in sprouts.11 The same study documents low bacterial
content from lettuce belonging to Pseudomonadaceae
(4.6%) and Vibrionaceae family (0.7%). Although the
above study did not report any bacteria from Acinetobacteriaceae family from lettuce, 9% bacteria from the
same family were found in grapes in their study.11 A
2017 study from Sweden reports Pseudomonadales as
the dominant order of bacteria found in their samples
of baby spinach and mixed ingredient salad regardless
of storage temperature.27
From our herb samples, no Salmonella species were
detected, although it has been reported from a Florida
study on fresh produce. Twelve fruits and vegetables
from various countries were analyzed in a multi-centric
study from Oman which documented organisms from
Enterobacteriaceae in 60% fruits and 91% vegetables.28 The
same study also reported Enterococci in 20% fruit samples
and S.aureus in 7% vegetables.28 In the present study
Staphylococcus aureus was found in 3.1% only and no other
Gram-positive cocci were perceived in the herb samples.
Many of the bacteria from different fresh produce
reported from various studies are enteropathogenic and
can have ill effects on the consumer’s health. Although
irradiation seems to be a more efficient method for
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making these herbs pathogen free, chemical disinfection
has also shown to partially reduce the initial bacterial
contamination.29 Satpathy et al.30 in a study in 2012
reported use of various disinfectants like 0.9% NaCl,
0.1% NaHCO3, 0.1% acetic acid, 0.001% KMnO4, 0.1%
ascorbic acid 0.1% malic acid for disinfecting raw vegetables. Since KMnO4 has antibacterial properties in
water purification, we decided to use 0.001% KMnO4 in
our study. The maximum permissible limit of KMnO4 to
be used in drinking water is 0–4 mg/kg aqueous solution.16 Accordingly 0.001% (10 mg/L) KMnO4 was used
in the study. The results of the present study demonstrated that washing of herbs with an aqueous solution
of 0.001% KMnO4, for one minute removed bacteria
significantly, whereas, washing with tap water removed
only a small proportion (2%) of these bacteria. Hence
0.001% KMnO4 can be termed as an effective disinfectant
for fresh produce.
Apart from direct disease causation, these microbes
found in the herbs may have other swerving impacts on
human health. Exposure to non-pathogenic microbes
associated with plants may influence the development
of allergies.31 Moreover, the consumption of raw fresh
produce may represent an important means by which
new lineages of commensal bacteria are introduced into
the human gastrointestinal system.31 Further, produceassociated microbes may also affect the rates of food
spoilage, and many of the microbes found on kitchen
surfaces appear to come from produce sources.32,33
This is a pilot study with fresh herbs and further
studies should be carried out with other fresh produce
consumed raw with a larger sample size. Even a lower
percentage of KMnO4 can be tried as a disinfectant for
fresh produce.

CONCLUSION
The present study found 22% parasites in fresh green
coriander and mint which were removed to a significant
extent by washing them with tap water. However, 100%
of these herb samples showed bacteria mainly belonging
to family Enterobacteriaceae, Pseudomonadaceae and Vibrionaceae, both in the unwashed herb samples as well as after
washing with tap water (98%). The gut microbial balance
is critical not only for maintaining a healthy state but can
also lead to outbreaks of enteric illness after consumption
of such fresh produce. This study further demonstrated
that one-minute treatment of these herbs with an aqueous
solution of 0.001% KMnO 4 removed these bacterial
pathogens significantly. Hence we recommend that all
the fresh produce especially those consumed raw should
be treated for one minute with 0.001% KMnO4 after tap
water washing to make them safe for consumption in
the raw state.
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