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Abstract
Fresh lettuce is an essential component of a healthy and nutritious diet. However, consumption without proper washing
could cause bacterial and soil-transmitted helminth (STH) infections. The present study was to investigate the
occurrence of bacteria and STH eggs in lettuce and soil samples from farms and markets in Cambodia. A total number
of 29 lettuce and 19 soil samples were analyzed for Aerobic Plate Count (APC), Escherichia coli (E. coli), Salmonella
spp., Ascaris lumbricoides (A. lumbricoides), Trichuris trichiura (T. trichiura) and hookworm by using serial dilution
and formalin ether concentration techniques following the standard methods. Analytical results revealed the mean of
APC, E. coli and Salmonella spp. in all lettuce samples ranged from 5.78 to 8.95, 2.92 to 6.07 and 4.24 to 7.62 log
CFU/g, respectively. The means of APC (7.61 log CFU/g), Salmonella spp. (6.32 log CFU/g) and E. coli (5.30 log
CFU/g) in soil from organic farms were higher than those of APC 7.49 log CFU/g, Salmonella spp. (6.15 log CFU/g)
and E. coli (4.65 log CFU/g) from conventional farms. Additionally, STH eggs recovered in organic lettuce were A.
lumbricoides 50% (2/4) and T. trichiura 25% (1/4) and soil sample was A. lumbricoides 25% (1/4). Hookworms were
found only in soil sample 6.66% (1/15) from conventional farm. None of the lettuce was positive for hookworm. This
study suggests that fresh lettuce should be sanitized or heat-treated before consumption. Moreover, comprehensive
health education and hygienic practices should be provided to farmers and sellers to minimize the consumers’ health
risks of microbial infections.
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Introduction
Lettuce is most frequently consumed in raw to retain the
natural taste and nutrients, including fibers, vitamins and
minerals. There are two main farming systems practices
for cultivating lettuce in Cambodia – organic and
conventional. Organic farming practice avoids the use of
pesticides, synthetic fertilizers, growth regulators or
other chemical contaminants and commonly uses animal
manure as fertilizers (Guadagnin et al., 2005) while
conventional one uses pesticides. However, consumption
of raw or slightly cooked vegetables may transmit
pathogenic microorganisms and are sometimes involved
in outbreaks of foodborne illness caused by bacteria (E.
coli, Salmonella spp. and Staphylococcus aureus)
(Magkos et al., 2003) or by STH egg (A. lumbricoides, T.
trichiura, and hookworms) (Adenusi et al., 2015).
Contamination with bacteria and parasites on vegetables
have been reported in many countries (Chhay et al., 2013;
Hay, 2018; Johnston et al., 2005; Anh et al., 2007; Ruiz
et al., 1987).
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A previous study in Cambodia has documented the
high level of Salmonella spp. in meat sample, 100%
(30/30) and vegetables sample 97% (29/30) located in
Dermkor and Kilo No. 4 markets (Hay, 2018).
Meanwhile, the contamination of Salmonella spp. and E.
coli in soil before planting and all Chinese cabbage
samples were detected at Kandal province (Chhay et al.,
2013). Likewise, Salmonella and E. coli were found on
7.5% and 86.1% of vegetable samples from farms and
markets in Spain (Ruiz et al., 1987). Moreover, parasites
were positive in water spinach samples harvested with
and without wastewater contact at Boeng Cheung Ek
Lake (Anh et al., 2007). The vegetable can become
contaminated with pathogenic microorganisms while
growing, harvesting, post-harvest and distribution
(Beuchat & Ryu, 1997).
To the best of our knowledge, there is no previously
published study on the association of farming practices
with the extent of bacterial and STH eggs contamination
in lettuce and agricultural soils in Cambodia. Therefore,
the main aim of this study was to investigate the
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occurrence of bacteria and STH eggs in lettuces and soils
collected from agricultural farms and local markets in
Cambodia.

All samples were analyzed for APC as an indicator of
microorganism level, E. coli as hygiene indicator
organisms and Salmonella spp. as enteric pathogens.

Methods

Sample preparation and analysis

Study area and sample collection

The outer leaves and core of the lettuce were removed
and discarded. The remaining leaves were cut into small
pieces using sterilized knives for each sample
(Mukherjee et al., 2007).
The test procedures were conducted according to U.S.
FDA (2001) for lettuce and U.S. EPA (2016) for soil.
Twenty-five grams of lettuce or soil sample was mixed
with 225ml of saline solution (0.85%). One milliliter of
the homogenized lettuce or soil was serially diluted up to
the concentration of 10-5 using the same diluent test tube
containing 9ml of 0.85% saline solution. After dilution,
one hundred microliters of the inoculum from 10-1, 10-3
and 10-5 diluted were placed on Plate Count Agar
(HiMedia, India) for APC and MacConkey agar
(HiMedia, India) for Salmonella spp. and E. coli. All of
the plates were incubated at 37C° for 18-48h. The
suitable colony counting range is 25-250 for APC while
colorless are counted as Salmonella spp. and pink to red
with bile precipitate as E. coli.
Each suspected colony was enriched in Rappaport
Vassiliadis Salmonella Enrichment Broth (RVS)
(HiMedia, India) for Salmonella spp. and Tryptic Soy
Broth (TSB) (Sigma Aldrich, US) for E. coli, and
incubated for 24h at 42C° and 37C°, respectively. After
that, Xylose-Lysine Deoxycholate (XLD) Agar
(HiMedia, India) and Chromucult® Coliform Agar
(Merck, Germany) were used for confirming those
isolates as Salmonella spp. and E. coli, respectively. Red
with black centres colonies were considered as
Salmonella spp. and dark-blue to violet colonies as E.
coli. Moreover, those suspect isolates were confirmed
with morphology test by gram staining and catalase test
for basic biochemical test.

This cross-sectional study was carried out in selected
local markets and agricultural farms located in Phnom
Penh, Kampong Speu and Kandal provinces (Fig. 1). A
total number of 5 farms (2 organic and 3 conventional
farms) which are known for producing and supplying
large quantities of lettuce within the regions were
sampled. Farms are chosen based on the following
criteria: (a) having more than 300m2, (b) practicing
organic or conventional farming, (c) having a
commercial purpose of farm produce, (d) producing
lettuce and (e) having consent from the farm owner. Five
hundred grams of lettuce were collected aseptically into
sterilized plastic bags without being washed. Soil
samples (500g) were collected from the surface layer up
to the depth 0-5cm around each sampled lettuce and
placed in a polyethylene bag.

Fig. 1. Map of the sampling sites.

Lettuce samples were purchased from two local
markets - Dermkor market represents conventional
lettuce and Kampong Speu market represents organic
lettuce. The markets were selected based on some
criteria: (a) having organic and conventional lettuce (b)
the lettuce source must be from the farm above and (c)
having confirmed from farmers where they supplied the
lettuce. Approximately 500g of lettuce were purchased
from 5 random retailers from each market and transferred
aseptically into sterilized plastic bags.
All samples were immediately stored in a cooler at 14°C, transported to the laboratory and analyzed within
24h. A total number of 48 samples including lettuce (n =
29) and soil (n = 19) were collected for microbiological
and parasitological analyses.
Microbiological analysis
Asian Journal of Agricultural and Environmental Safety
Vol. 2021, No. 2

Parasitological analysis
All samples were analyzed for the presence of STH eggs
including A. lumbricoides, T. trichiura and hookworm
using the formalin ether concentration technique
according to the methods described previously (Adenusi
et al., 2015; WHO, 1991; WHO, 2019).
Lettuce sample
Approximately, 100g of each lettuce sample was added
to a polyethylene bag containing 500ml of saline solution
(0.85%) and washed thoroughly by agitation. The sample
was removed from the bag and the washing solution was
allowed to sediment overnight. About 50 ml of the
washing solution was pumped from the bottom of the bag
and transferred to a tube and spun at 2,000g for 15min.
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One millilitre of the supernatant was collected carefully
and mixed with 10ml of Formalin (10%) and kept for at
least 30min. The mixing solution was centrifuged at 500g
for 10 min, and then the supernatant was removed. The
remaining sediment was suspended with 7 ml of saline
solution, mixed well before adding 3ml of ethyl acetate
and shaken vigorously for 30s. Then suspension solution
was centrifuged at 500g for 3min to form four layers
including saline solution, plug of vegetable debris, ethyl
acetate, and sediment layer. The top three layers (except
the sediment layer) were removed by inverting the tube
with a brisk movement. The remaining sediment with
liquid was examined using a microscope (Olympus CX
41) and identified according to Bench Aids (WHO,
2019).
Soil sample
One gram of soil sample was added to 10ml of Formalin
(10%) and kept for at least 30min. Then, the suspension
solution was strained in a 15ml tube through a double
layer of gauze allocated into a funnel and centrifuged at
500g for 10min. After that, the supernatant was removed,
and sediment was suspended with 7 ml of Saline solution
and 3 ml of ethyl acetate, and shake vigorously for 30s
before centrifugation at 500g for 3min. Four layers,
including Saline solution, plug of vegetable debris, ethyl
acetate, and sediment layer, were formed after
centrifugation step. Then, the top three layers (except the
sediment layer) were removed by inverting the tube with
a brisk movement. The remaining sediment with liquid
was examined using the microscope (Olympus CX 41)
and identified according to Bench Aids (WHO, 2019).
Statistical analysis
The data were analysed using IBM SPSS Statistic 26.
Independent sample t-test was used for the comparison of
contamination rate between lettuce and soil sample,
between Kampong Speu market and organic farm and
between Dermkor market and conventional market. A pvalue < 0.05 was considered statistically significant in all
cause.
Results and Discussion
The presence of bacterial and STH egg in lettuces and
soils
The microbiological analysis of lettuce (n=29) and soil
samples (n=19) were demonstrated the high prevalence
of APC 100% (48/48), E. coli 87.50% (42/48) and
Salmonella spp. 95.83% (46/48) were collected from
organic farms (n=2), conventional farms (n=3),
Kampong Speu and Dermkor markets, that shown in
Table 1.
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In the present study, the mean of APC in lettuce
samples ranged from 5.78 to 8.95 log CFU/g. The APC
level in organic (7.47 log CFU/g) and conventional
lettuce (7.65 log CFU/g) from farms were found higher
than a study that reported 6.35 and 5.67 log CFU/g,
respectively (Oliveira et al., 2010). In turn, Halablab et
al. (2011) obtained higher results with lettuce samples
(8.78 log CFU/g) that were irrigated by untreated
wastewater. It was found the similarity to Quansah et al.
(2018), who indicated APC value in lettuce from farms
(8.78 log CFU/g) lower than from market (9.03 log
CFU/g). Lettuce and soil samples from both sampling
areas were found very similar APC average values.
Generally, since vegetables are farmed on soil and
exposed to all kinds of environmental conditions, they
reflect the conditions in which they were farmed, and
their counts can be high as 7 log CFU/g (Brackett, 1992).
Level of fecal organisms, such as E. coli is a better
indicator for food hygiene. Its presence can indicate the
contamination of fecal via humans and animals
(Viswanathan & Kaur, 2001). E. coli in lettuce samples
ranged from 2.92 to 6.07 log CFU/g. It was found higher
E. coli counts in organic lettuce from farms (5.39 log
CFU/g) than those from the market (2.92 log CFU/g).
Statistical analysis showed that there was no significant
difference between the concentration of E. coli in
conventional lettuce from the market and farms (P >
0.05). However, a significant difference was found
between the organic lettuce samples from the two
sampling areas (P < 0.05). The E. coli was detected in
organic lettuce and noted inappropriate waiting times for
manure composting before application and the water
source was not under control which considers as a risk
factor for the introduction of pathogens to lettuce (De
Quadros Rodrigues et al., 2014). The high incidence of
E. coli on the vegetable is the reason for concern of
bacterial infection, since lettuce is one of the leafy
vegetables mostly consumed in raw.
The counting range of Salmonella spp. in lettuce was
from 4.24 to 7.62 log CFU/g from four sampling areas.
In Cambodia, the presence of Salmonella spp. in soil and
Chinese cabbage sample was found on all kinds of
cultivation practices (Chhay et al., 2013) which was
consistent with the present study. A previous study in
Phnom Penh also found high contamination of
Salmonella spp. on animal meat 100% (30/30) and
vegetable 97% (29/30) sold in Dermkor and Kilo N0. 4
markets (Hay, 2018). The lettuce sample had the highest
contamination level of Salmonella spp. (7.26 log CFU/g)
(Hay, 2008) which was lower than that of the present
study. In Burkina Faso, fifty percent of analyzed lettuce
samples were positive for Salmonella and suggested that
the contamination source was from irrigation water
(Traoré et al., 2015). However, other countries indicated
the absence of Salmonella spp. including Brazil (Neto et
al., 2012), Spain (Oliveira et al., 2010), and Norway
(Loncarevic et al., 2005). The Salmonella spp. count in

61

2021

Chhim et al.

the present study was relatively higher compared with
other previous studies.
Table 1 Prevalence outbreak of APC, E. coli and Salmonella spp. compared with A. lumbricoides, T. trichiura and hookworm in
lettuce and soil samples
Sampling site
Organic farms
Lettuce
Soil
Conventional farms
Lettuce
Soil
Kampong Speu market
Lettuce
Dermkor Market
Lettuce

No.

Prevalence of Bacteria (%)
APC
E. coli
Salmonella spp.

Prevalence of STH (%)
A. lumbricoides
T. trichiura
Hookworm

4
4

100
100

100
100

100
100

50
25

25
0

0
0

15
15

100
100

93.33
80

86.66
100

0
0

0
0

0
6.66

5

100

60

100

0

0

0

5

100

100

100

0

0

0

The parasitological analysis illustrated the contamination
of STH eggs in lettuce and soil samples from both types
of farms (Table 1). Out of 29 lettuce samples, the overall
prevalence of STH eggs was 10.34% (3/29). STH eggs
were recovered for A. lumbricoides (6.89%) and T.
trichiura (3.34%). Among 19 soil samples, 2 samples
were detected STH eggs (10.52%) including A.
lumbricoides (5.26%) and T. trichiura (5.26%) as
presented in Fig 2 and Table 1. However, STH eggs were
not found in any samples from markets.
A. lumbricoides is the largest roundworm egg that is
mostly observed in the human intestine. Among all the
sampling sites, only organic farm was found A.
lumbricoides. Similarly, Ordoñez et al. (2018) has
reported a higher prevalence of A. lumbricoides in lettuce
from organic farm (13.09%) than that from the
conventional farm (8.33%). Compared to other
vegetables, lettuce has been reported to be mostly
contaminated by A. lumbricoides in many countries
including Nigeria (Adenusi et al., 2015), Poland (Klapec
& Borecka, 2012) and Northern Iran (Rostami et al.,
2016). Its presence could indicate the irrigation of
vegetables using contaminated water and very poor
protection against stray animals (Kozan et al., 2005).
T. trichiura was detected only in lettuce from the
organic farm. In the Philippine, it has also found this
parasite in lettuce from organic farm while absent in
lettuce from conventional farms (Ordoñez et al., 2018).
Many countries have reported its presence including
Brazil (Neto et al., 2012), Northern Iran (Rostami et al.,
2016) and Nigeria (Adenusi et al., 2015). Hookworm was
found in a soil sample collected from a conventional farm
only. In the Philippine, Paller & Babia-Abion (2019) has
shown the presence of hookworm in soil samples from
organic (6.67%) and conventional farms (6%). On the
other hand, the detection of this parasite in lettuce
samples from the market had been reported in Nigeria
(Adenusi et al., 2015).
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Fig. 2. The presence of STH eggs in lettuce and soil samples: a)
Unfertilized egg of A. lumbricoides, b) Larva of A.
lumbricoides, c) T. trichiura, and d) Hookworm.

Lettuce can become contaminated with bacteria and
STH eggs while growing, harvesting, post-harvest and
distribution. The high level of bacteria and STH eggs on
lettuce and soil samples demonstrated poor farming
practices including the use of untreated wastewater,
improperly-composed manure and inappropriate postharvest handling practice (Anh et al., 2007; Adetunde et
al., 2015). In Cambodia, Anh et al. (2007) has analyzed
the parasite contamination in water spinach and
wastewater sample from Boeng Cheung Ek Lake – the
main recipient of domestic and industrial wastewater in
the Phnom Penh Capital. Protozoan parasites were
detected in water spinach samples harvested with and
without wastewater contact, which suggests that it was
also present in the lake wastewater (Anh et al., 2007).
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vegetables were mostly harvested with poor hygienic
practice and handled with bare hands which were clean
on farms using untreated irrigation water. These factors
could play an important role to promote the poor
microbiological quality of the vegetables.
Comparison of lettuce quality collected from different
sampling sites
The prevalence of bacteria and STH eggs in lettuce
collected from all the sampling areas are presented in Fig.
3. Among the four sampling areas, only organic farm was
positive for A. lumbricoides 50.00% (2/4) and T.
trichiura 25.00% (1/4) in the lettuce samples. None of the
lettuce samples were positive in hookworm. Except for
Kampong Speu market and conventional farm, there was
a high prevalence of bacteria on lettuces collected from
Dermkor market (100%) and organic farm (100%).
100
100 100

100 100

100
93
87

100

100
100 100

APC

80

Prevalence (%)

E. coli

60

60

Salmonella spp.

50

Ascaris
lumbricoides
Trichuris
trichiura

40
25
20

Sampling site

Dermkor market

Conventional
farms

Kompong speu
market

0
Organic farms

Moreover, it has been reported a strong positive
correlation between the microbial count on vegetables
and irrigation water and also observed that wild and
domestic animal wastes could be the source of irrigation
water (Adetunde et al., 2015; Samuel Jerry et al., 2013).
The use of animal manure as organic fertilizer is very
common in both organic and conventional agriculture.
Improperly treated natural fertilizer can lead to
microbiological contamination of agricultural produces
and irrigation sources. Amoah et al. (2005) reported that
the fecal coliform in inadequately-composted poultry
manure was found comparable to the level of bacteria on
vegetable and helminth eggs were also detected in water
and lettuce samples. In Cambodia, the presence of E. coli
in soil, bovine manure and compost were found (KIM &
MIHARA, n.d.). Moreover, Schär et al. (2014) has
reported a high level of hookworm, A. lumbricoides and
T. trichiura in human and animal samples. Farmer at
organic farms enhanced the quality of soil by using
natural fertilizer including leaf and manure. They also
had livestock and used untreated water from streams or
ponds. Both wastewater and improperly-composed
manure could be the factors that may explain higher E.
coli, Salmonella spp., A. lumbricoides and T. trichiura in
lettuce and soil from organic farms compared to
conventional farms.
All organic lettuces had higher E. coli, Salmonella
spp. and STH egg than conventional lettuce from farms.
Pesticides are frequently used in conventional farms to
control pests and diseases. The excessive use of
pesticides has been shown to kill soil microorganisms
(Ayansina & Oso, 2006). A previous study had shown a
lower count of Salmonella and Paenibacillus on tomato
leaves and fruits that were regularly sprayed with
pesticides (Ottesen et al., 2015).
The present study has found conventional lettuce
from the market had higher bacterial contamination than
in farm samples (Table 1). Likewise, Ensink et al. (2007)
has reported vegetables from agricultural fields had a
lower E. coli count than the same batch of vegetable
transported to the markets and observed the
contamination was from unsanitary practice. Both
improper storage conditions and unhygienic postharvesthandling practices could be attributed to the poor
microbiological quality of market vegetables in the
present study. It has been observed that vegetables are
transported to the market under non-refrigeration
temperatures and kept open at the market. Vegetables
were washed to remove dirt using circulated water (not
frequently changed) before being displayed at the market.
However, all market samples were negative for STH
eggs. Avcioglu et al. (2011) had studied the control of
helminth egg in raw vegetables by washing and detected
positive in six (3%) unwashed samples and not in any
washed sample.
Other postharvest practices that could contribute to
the poor microbiological quality of lettuce include the
activities of handlers and processers. It was observed that
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Fig. 3: Prevalence of bacterial and STH eggs in all lettuce
samples from Phnom Penh, Kampong Speu and Kandal
Provinces.

Conclusions
Agriculture is the main source of daily livelihood for
Cambodian farmers. However, lettuces from farms and
markets showed poor hygienic-sanitary quality by
contaminating with high levels of APC, E. coli,
Salmonella spp., A. lumbricoides and T. trichiura. In
general, conventional lettuce from market was the most
contaminated by bacteria while the lowest was observed
in organic lettuce from the market. A. lumbricoides and
T. trichiura were found only in lettuce and soil samples
from organic farms. Meanwhile, hookworms were
positive in one soil sample from a conventional farm
only. This study suggests that consumers should not eat
fresh lettuce without proper washing, sanitizing and/or
heating to minimize their health risks of microbial
infections. Furthermore, comprehensive health education
and hygienic practices, including the use of manure as
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fertilizer, irrigation water and the handling of vegetables,
should be provided to sellers and farmers to prevent the
sources of contamination.
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