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Background: The criteria for the quality control of Iranian fresh produce are the total micro-
bial count, Enterococcal count and the detection of Escherichia coli. The aim of this study
was to assess microbial contamination of fresh vegetable and salad samples consumed in
Tehran, Iran.

Methods: From May to October 2013, freshly vegetable (n=100) and salads (n=100) samples
were randomly collected in three area of Tehran including Islamshahr (n=35), south of
Tehran (n=30) and Shahr-e-Rey (n=35). The samples were tested microbiologically
according to institute of standards and industrial research of Iran (ISIRI) for determina-
tion of total microbial, Enterococcal and E. coli count. The results were analyzed by
SPSS software v. 16.0.

Results: Overall, 71% of salad and 82% of vegetable samples had contamination rate
more than acceptable limits in the case of at least one of the three microbial parameters.
All of spinaches, wheat sprouts, mung bean sprouts, mixed leafy vegetables, Kuku vege-
tables, and green peppers were exceeded acceptable limits at least in case of one parame-
ter. From 71 ineligible salad samples, 24 samples (68.6%) were for Islamshahr, 26 sam-
ples (74.3%) for south of Tehran and 21 ones (70%) for Shar-e-Rey, with no significant
difference (p>0.05).

Conclusion: This study showed poor microbiological quality of salad and fresh vegeta-
bles used in Tehran. Measures to reduce the contamination might be advised such as a
proper handling and washing before consumption of these products as well as public
education and awareness.

Introduction

Health benefits of fresh products, e.g. vegetables with
high fiber and vitamin content make them more popular
for the people who care about proper diet. The consump-

tion rate of such products has been increased in recent
years. These foodstuffs could be vehicles for some kinds
of pathogens if they are used as raw, therefore, illnesses
and outbreaks maybe resulted from their consumption
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(Beuchat, 2002; Lewis Ivey et al., 2012; Olaimat and
Holley, 2012). The outbreak of Escherichia coli
0157:H7 due to consumption of contaminated spinach
resulted in 200 patients and 3 cases of death (Abadias et
al., 2008). The presence of E. coli can represent the
existence of fecal pathogens like Salmonella and
Shigella. Thus, it can be a good indicator of food sanita-
tion. Also, some E. coli strains are pathogenic for human
(Enabulele and Uraih, 2009; Ishii et al., 2006; Tadesse et
al., 2012; Weintraub, 2007). Enterococcus spp. are
another bacteria which live in the gastrointestinal tract of
human and warm blooded animals, so it is a fecal indica-
tor for quality control of foods. Furthermore, some
species possess pathogenic characteristics for human.
E. faecalis and E. faecium are more common species
involved both in clinical infections and food contamina-
tions (Abriouel et al., 2008; Fisher and Phillips, 2009;
Franz et al., 1999; Gomes et al., 2008) which their
presence in vegetables has previously been reported
(Johnston et al., 2005). Another parameter used to evalu-
ate the quality of foods is total microbial count, which
reflects the efficiency of hygienic measures and shows
any kind of contamination in foodstuffs (Aycicek et al.,
2006). Three mentioned microbial parameters have been
considered in Iran national standards to control
vegetables microbial quality (ISIRI, 2007c).

So, this study was carried out to estimate total
microbial count, enterococcal count and detection of
E. coli in fresh vegetable and salad samples supplied in
Tehran, Iran.

Materials and methods

Sampling

In this descriptive study from May to October 2013, a
total of 100 fresh vegetable and 100 salad samples were
randomly collected in selective restaurants and delicates-
sens in three area of Tehran, including Islamshahr
(n=35), south of Tehran (n=30) and Shahr-e-Rey (n=35).
Ten kinds of fresh vegetables consist of chopped spinach,
green onion, ready to eat (RTE) mixed leafy vegetables,
chopped Kuku (a Persian dish) vegetable, green pepper,
mushroom, broccoli, wheat sprout, mung bean sprout and
basil were selected. The basil vegetable was obtained
from local Kebab retails. Salad samples were included 88
manually prepared samples and 21 industrially packaged
ones.

Microbial analysis

The total microbial count, enterococcal count and
detection of E. coli were based on Iran national standards
(ISIRI, 2004; ISIRI, 2006b; ISIRI, 2007d). Dilutions
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were prepared by sterile normal saline. Total microbial
count and enterococcal count were carried out by pour
plate culturing of proper dilution in plate count agar and
kenner fecal agar (Scharlau), respectively. Incubation
period was 48-72 h at 30 'C for plate count agar and
24-48 h at 37 "C for enterococcal count. For E. coli
detection, 10 cc of 0.1 dilutions was added to double
strength lauryl sulfate broth (Merck) with durham tubes
and incubated at 37 C for 24-48 h. In the case of turbidi-
ty and gas production, 1 cc of lauryl sulfate broth was
added to Escherichia coli broth (EC broth, Merck) with
durham tubes. After incubation at 37 'C for 24-48 h, if
turbidity and gas production developed, 1 cc of EC broth
was added to pepton water (Merck) and also streaked on
macconkey agar (Merck). Pepton water was incubated in
water bath at 44 C and macconkey agar was incubated at
37 "C both for 24-48 h followed by some biochemical
tests including sugar fermentation, motility, gas and SH,
production. According to Iran national standard (ISIRI,
2007c), limitation levels were considered as 10° CFU/g
for total microbial count, 10° CFU/g for enterococcal
count and lack of E. coli in 1 g of samples.

Statistical analysis

The results were analyzed by SPSS (USA, Il, Chicago,
SPSS Inc) software package v. 16.0. Significant level
was considered as p<0.05.

Results

Overall, 71% of salad and 82% of vegetable samples
had contamination rate of more than acceptable limits,
regarding at least one of the three microbial parameters.

Table 1 displays frequency distribution of vegetable
samples with unacceptable level of contamination for
each microbial parameter. All of spinaches, wheat
sprouts, mung bean sprouts, mixed leafy vegetables,
Kuku vegetables, and green peppers were exceeded
acceptable limits at least in case of one parameter. This
exceeding rate for broccolis, green onions, basils and
mushrooms were 30%, 40%, 60% and 90%, respectively.

Out of 71 ineligible salad samples, 24 (68.6%) were
obtained from Islamshahr, 26 (74.3%) from south of Teh-
ran and 21 (70%) from Shar-e-Rey, indicating no signifi-
cant difference (p>0.05) between contamination rate in
three sampling areas (Table 2).

Ten of 12 (83.3%) industrially packaged salads were
not acceptable to use because they had contamination
rate more than allowed. From 88 manually salads, 61
(69.3%) samples were out of standards. Fig. 2 shows the
data regarding to two kinds of salads with contamination
rate of more than acceptable level.
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Table 1: Frequency distribution (%) of vegetable samples with unacceptable level of contamination for each microbial parameter

Sample type Sample size Total microbial count Enterococcal count E. coli
Spinach 10 100 100 10
Broccoli 10 0 30 0
Green onion 10 10 40 0]
Wheat sprout 10 100 100 20
Mung bean sprout 10 90 100 30
Basil 10 30 60 0
RTE mixed leafy vegetables 10 100 100 20
Kuku vegetable 10 100 100 30
Green pepper 10 60 100 0]
Mushroom 10 80 50 10

* These parameters have not been considered for Kuku vegetable in Iran guidelines

Table 2: Frequency distribution (%) of salad samples with unacceptable level of contamination for each microbial parameter

Sampling area Sample size Total microbial count Enterococcal count E. coli
Islamshahr 35 40 68.6 2.8
South of Tehran 30 40 71.4 114
Shahr-e-Rey 35 36.7 70 13.3

mpackaged 12 manually prepared 88
60
32
7 10 : p
e ]
Totalmicrobial count  Enterococcal count Escherichia coli

Fig. 2: Number of packaged and manually prepared salads with unacceptable level of contamination for each microbial parameter
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Discussion

In this survey, among vegetable samples, the lowest
contamination rate was for broccolis followed by green
onions. Basils had less contamination rate, compared to
other ready to use packaged leafy vegetables. Industrially
packaged salads were also more contaminated than
manually salads. This may indicate that the washing
treatments performed in factories is no more effective
than traditional washing in restaurants, or insufficient
hygiene control in industrial packaging. This is probably
due to lack of use or inefficient use of disinfectants in the
industries.

Avazpour et al. (2013) reported that 69% of salad
samples served in restaurants of Ilam, Iran, were contam-
inated to E. coli. In an investigation done in India on
several kinds of sprout, the aerobic plate count was 7.6 to
8.9 log CFU/g which is similar to present study. Howev-
er, it was shown that 13% of mung bean sprouts had
more than 10° CFU/g E. coli contamination that was less
than our results (Saroj et al., 2006). Average rate of aero-
bic plate count of sprouts in Spain was 7.3 log CFU/g
which is similar to our results (Abadias, 2008). In a
pre-harvest survey performed in USA, E. coli was not
detected in non-organic broccolis and green peppers, as
our equivalent samples (Mukherjee et al., 2004). Results
of total bacterial count of spinaches in Japan were 4.5-
4.9 log CFU/g which was much lower than contamina-
tion level of our spinaches (Izumi et al., 2004). Accord-
ing to another research in USA, enterococcal count of
corianders, dills, parsleys and spinaches were 1.9, 3.6,
2.5 and 2.1 log CFU/g, respectively (Johnston et al.,
2005). It is known that aerobic plate count during germi-
nation stage are increased, because of optimal condition
for bacterial growth. Moisture, high temperature and
nutrients released from seeds are some reasons for prolif-
eration of pathogenic bacteria such as E. coli during
germination (Ibenyassine et al., 2007; Rajkowski et al.,
2003). On the other hand, microbial ecosystems of
various products are affected by storage, processing,
packaging, distribution and marketing conditions. Many
other parameters such as soil, feces, irrigation water,
animals, fungicides, fertilizers, dust, containers, han-
dlings, etc. can be potential sources of contamination
(Beuchat, 2002).

Due to high contamination rate of examined vegetables
and salad samples, more education of individuals in-
volved in production, microbial assessment of water
sources and fertilizers, extensive researches in the field of
food contamination in our country and improvement of
rapid methods for the identification of such contaminants
are recommended. Furthermore, revision of some Iranian
national standards used to control vegetables and salad

quality seems necessary due to some existing defects, as
lack of microbial parameters in some published ones
(ISIRI, 2003; ISIRI, 2006a; ISIRI, 2007a; ISIRI, 2007b;
ISIRI, 2008). Restricted number of brands available in
the market was the limitation of this research, so statistics
may vary by development of new production units.

Conclusion

This study showed poor microbiological quality of
salads and fresh vegetables consumed in Tehran.
Measures to reduce the contamination might be advised
like proper handling and washing before consumption of
these products.
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