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Abstract
This study aimed to evaluate the presence of coliforms in 50 samples (25 ready-to-eat vegetable salads 
and 25 handlers' hands) collected randomly from restaurants in Baghdad. The total coliform count 
in the samples of vegetable salads from Al-Sadria and Hay al-Amel reached 4.78 and 4.32 log cfu/g, 
respectively, whereas those in the swab samples of handlers’ hands from the same areas reached 
3.70 and 3.90 log cfu/g, respectively. The percentages of fecal coliform bacteria in the salad samples 
from Al-Sadria and Hay al-Amel were 35% and 32%, respectively, whereas those in the hand swabs 
from the same areas were 41% and 36%, respectively. Two isolates of the serotype Escherichia coli 
O157:H7 were detected in the study samples from the same areas, where the rates of E. coli and fecal 
coliform bacteria increased. Considering the virulence of this bacterial serotype and its direct impact 
on consumer safety, we highly recommend implementing quality programs in ready-to-eat vegetable 
salad production chains, raising the cultural level and health awareness of restaurant owners and 
workers preparing these salads, and raising public awareness of the potential health risks of consuming 
contaminated food products.
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INTRODUCTION

 The World Health Organization (WHO), 
through its specialists in food, nutrition, and 
public health, has given special attention to the 
basic nutritional elements and components 
related to human health and safety, emphasizing 
the need for nutrients that are eaten for growth,  
bodybuilding, and health maintenance.1 Vegetables 
are an important part of a healthy diet. Leafy 
vegetables, such as lettuce, spinach, cabbage, 
kale, and bok choy, and diet rich in fresh produce 
prevent certain chronic diseases, such as diabetes, 
cancer, cardiovascular disease, hypertension, and 
obesity.2,3

 Vegetables contain a high percentage of 
vitamins and minerals, such as iron and calcium; it 
is also rich in fiber, which aids in the digestion and 
metabolism of the body. If we take into account 
the simple and quick preparation steps and this  is 
characterized by its availability in the market for 
the cheap price of its primary food requirements.4

 However, vegetables have become a 
major concern worldwide for facilitating the 
growth of microorganisms and parasites that cause 
food poisoning and diseases and the transmission 
of infectious diseases that threaten public health.5

                   Fresh vegetables can be contaminated with 
microorganisms through several mechanisms, such 
as using soil contaminated with animal waste and 
irrigation water contaminated with wastewater; 
other sources of contamination are related to 
agricultural practices, such as the fertilizers and 
pesticides used and the harvesting, storage, and 
transportation techniques employed.6 Eighty-five 
multistate outbreaks linked to fresh produce 
occurred from 2010 to 2017. These events have 
been largely attributed to cross-contamination 
within the distribution chain and poor agricultural 
practices,  along with the production of sprouts 
and importation of fresh produce.7

 The method of display and sale in markets 
and use of poor-quality vegetables and spices for 
preparing restaurant salads are other reasons for 
food contamination.8

 The outbreak of many diseases caused 
by bacteria, viruses, and parasites is linked to the 
consumption of various types of vegetables and 
even fruits. Fresh vegetables that are not heat 
treated may be contaminated with pathogenic 

bacteria, such as Salmonella spp., Shigella 
spp., Shiga toxigenic Escherichia coli, Listeria 
monocytogenes, and Campylobacter spp.7 A 
previous study found that fresh spinach, lettuce, 
and tomatoes used in some fast food restaurants 
in California are contaminated with Salmonella and 
E. coli, particularly the virulent O157:H7 serotype.9 
These studies suggest that the contamination of 
some frozen foodstuffs with pathogenic bacteria 
is linked to poor food handling and preparation by 
workers. The U.S. Food and Drug Administration 
(FDA) Food Safety Modernization Act, signed into 
law in 2011, allows the FDA to not only respond 
to food contamination events and foodborne 
outbreaks but also to focus on prevention-based 
strategies.10

 This study aimed to investigate the 
presence of fecal coliform (FC) bacteria on food 
handlers’ hands and its association with the 
microbiological contamination of ready-to-eat 
vegetable salads in Baghdad restaurants.

MATERIALS AND METHODS

Chemicals
 The following chemicals were used: 
phosphate buffered saline (PBS; BDH Company, 
UK), peptone water (PW), MacConkey agar 
medium, tryptic soy broth (TSB), and eosin 
methylene blue (EMB) agar, cefixime tellurite 
sorbitol MacConkey (CT-SMAC) agar, and tryptic 
soy agar (TSA). Except for PBS, all other reagents 
were supplied by Hi-media (India). Gram staining 
was performed using the set supplied by SYR Bio 
Company (Switzerland).

Sample Modeling
 Fifty samples, including 25 samples of 
ready-to-eat vegetable salads and 25 swab samples 
of handlers’ hands, were collected randomly from 
restaurants in various areas (Mansour, Karrada, 
Kadhimiya, Palestine Street, Al-Sadriya, and Hay 
Al-Amel) in Baghdad from September to October 
2021.  
 After collection, the 25 samples of salads 
were placed in sterile plastic bags in a cool box 
and then transported to the laboratory. The 25 
swab samples were placed inside sterile tubes 
containing 3 ml of PBS and then transported to 
the laboratory in a refrigerated box. The modeling 
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process was carried out with three replications, 
with a period not exceeding 2–4 h from the time 
of sample collection.

Microbial Examinations
Sample Activation
 The microbial examinations of the 
vegetable salad were carried out inside a sterile 
laminar air flow cabin. The culture media used in 
each examination were sterilized and prepared 
following manufacturer’s instructions. Tests were 
conducted as previously described.11 Samples (10 
g) were transferred to stomacher bags containing 
90 ml of PW.
 The samples were mixed at a speed of 
2000 rpm for 2 min to reach a dilution of 10-1 and 
then incubated for 24 h.

Total Coliform Count
 Following a method previously described,1 
a series of dilutions up to 10-8 was conducted by 
transferring 0.1 ml of the initial 10-1 dilution 
into pre-sterilized tubes containing 9.9 ml of 
physiological saline, transferring 0.1 ml of the 
10-6 dilution to the prepared MacConkey agar 
medium, and spreading it evenly with a sterile 
L-shape vector. The dishes were incubated at a 
temperature of 37°C for 24 h. Coliform bacteria 
were identified by their pink colonies fermenting 
lactose and counted as colony-forming units per 
ml (CFU/ml). Colorless colonies, which indicate 
that the bacteria did not ferment lactose, were 
neglected.

Isolation of FC
 A 1 ml aliquot of the initial dilution was 
transferred to pre-sterilized glass tubes containing 
9 ml of TSB and then incubated at 37°C for 24 h. 
With the use of a sterile vector, it was spread on 
EMB agar and then incubated at 37°C for 24 h.3 
A differential medium was used because E. coli 
appear in small colonies with a metallic blue–green 
color.

Isolation of E. coli O157:H7
 E. coli O157:H7 was isolated following 
a previously described method.12 Colonies were 
selected and subjected to diagnostic tests for 
serotyping. They were distinguished from other 
strains of non-sorbitol-fermenting E. coli by 

growing them on CT-SMAC agar. Hand swab 
samples were cultured directly on fortifying culture 
media, including blood base agar supplemented 
with 7% sheep blood and TSA. Mixed colonies and 
those positive for Gram-negative bacteria were 
independently collected and spread through the 
stripping method on blood and MacConkey agar 
media and then incubated at 37°C for 24 h. The 
process was repeated several times to further 
purify the colonies, which were then transferred 
to differential culture media for later use in 
biochemical tests and serotyping.

Statistical Analysis
 The Statistical Analysis System13 program 
was used to determine the effect of different 
factors on the vegetable salad samples. Least 
significant difference and analysis of variation were 
used to compare the significance between means. 

RESULTS  AND DISCUSSION

 As shown in Table 1, the salad samples 
from the different areas significantly differed 
(P ≤ 0.05) in the logarithm of the total count of 
coliform bacteria (log cfu/g). Specifically, the total 
coliform counts in the salad samples from Al-Sadria 
and Al-Amel neighborhood reached 4.78 and 4.32 
log cfu/g, respectively, whereas those in the hand 
swab samples in the same areas were 3.70 and 3.90 
log cfu/g, respectively. In Mansour and Palestine 
Street, the total coliform counts in the salad 
samples were 1.35 and 1.37 log cfu/g, respectively, 
whereas those in the hand swab samples were 
1.10 and 1.15 log cfu/g, respectively. The hygiene, 
health control, preparation method, presentation, 
and compliance to health measures in restaurants 
all influence the presence of pollutants and 
pathogens in food, including salads.14 A previous 
study6 indicated that the methods of dealing 
with vegetables by sellers and restaurant workers 
clearly affect the percentage of fresh lettuce 
contamination with microorganisms. In fact, the 
coliform counts are lower (2.04–3.00 log cfu/g) in 
lettuce washed twice with sterile running water 
than in unwashed lettuce (2.84–3.60 log cfu/g). 
Other studies in Cameroon4 and India1 indicated 
that fresh, unwashed vegetables contain large 
numbers of coliform bacteria. The first study 
recorded 2.99 log cfu/g in green turnips, 2.78 log 
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cfu/g in red turnips, 3.06 log cfu/g in lettuce, and 
2.85 log cfu/g in carrots, whereas the second study 
recorded 3.17 log cfu/g in tomatoes, 3.21 log cfu/g 
in carrots, 3.32 log cfu/g in turnip greens, and 3.24 
log cfu/g in cucumbers. Moreover, another study15 
found that coliform counts are greater when 
displaying unwashed fresh vegetables in open 
retail stores (4.11 log cfu/g) than when displaying 
them after washing and drying in supermarkets 
(1.26 log cfu/g).

salad and hand swab samples significantly 
differed (P ≤ 0.05) depending on the area where 
the samples were collected. Specifically, the 
contamination rates in the salad samples from 
Al-Sadriyah and Al-Amel districts were 35.93% and 
32.81%, respectively, whereas those in the hand 
swab samples from the same areas were 41.46% 
and 36.58%, respectively. These rates were higher 
than those in the other study areas. In addition, 
the total number of fecal coliform bacteria in Al-
Sadriyah and Al-Amel exceeded the permissible 
limits of 1×102 cfu/g in fresh vegetables for 
human consumption as recommended by the Iraqi 
specification for microbial limits.16

 This result can be ascribed to the fact that 
the water used during cultivation or harvesting can 
be highly contaminated with fecal matter from 
sewage or to poor hygiene.17 A previous study18 
attributed the increased contamination rate to 
the diversity of pollution methods for vegetables 
and fruits, which include the use of organic waste 
in agricultural lands as fertilizers; contamination 
of irrigation water with fecal matter; direct 
contamination by livestock, wild animals, and 
birds; and post-harvest issues, such as worker 
hygiene, transport containers, and harvesting 
equipment.
 E. coli bacteria are among the most 
isolated bacteria from food, and their presence 
indicates product contamination with feces.10

 Previous studies15,19 found that the 
method of displaying and handling vegetables 

Table 2. Percentage of fecal coliform bacteria in ready-to-eat salad samples and workers’ hand swabs in sample 
collection areas

Sample collection      Ready-to-eat salads     Workers hand swabs
areas
 No. of Percentage  No. of Percentage 
 isolates  (%) isolates (%)
    
Mansour 2 3.12 d 0 0 d
Karrada 5 7.81 d 3 7.31 cd
Kadhimiya 11 17.18 c 6 14.63 c
Palestine street 2 3.12 d 0 0 d
Al-Sadria 23 35.93 b 17 41.46 b
Hay Al-Amel 21 32.81 b 15 36.58 b
Total 64 99.97 a 41 99.98 a
LSD value --- 11.378 * --- 10.861 *

Means having with the different letters in same columns differed significantly.   * (P≤0.05).

Table 1. Total count of coliform bacteria (log cfu/g) 
in ready-to-eat salads and hand swabs of workers in 
sampling areas

Sample collection          Coliform total count (log cfu/g)
areas
 Ready-to- Workers hand
 eat salads swabs

Mansour 1.35 ±0.07 c 1.10 ±0.05 c
Karrada 2.20 ±0.11 c 1.90 ±0.12 bc
Kadhimiya 3.45 ±0.19 b 2.35 ±0.17 b
Palestine street 1.37 ±0.04 c 1.15 ±0.08  c
Al-Sadria 4.78 ±0.27 a 3.70 ±0.19 a
Hay Al-Amel 4.32 ±0.20 ab 3.90 ±0.23 a
LSD value 1.073 * 0.996 *

Means having with the different letters in same columns 
differed significantly.  * (P≤0.05)

 As shown in Table 2, the contamination 
rates of fecal coliform bacteria in the vegetable 
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clearly influences the rate of contamination with 
fecal coliform bacteria. Specifically, the rates are 
higher in open shops (4.11 and 4.63 log cfu/g) than 
in closed shops (1.26 and 3.35 log cfu/g).
 As shown in Table 3, significant differences 
(P ≤ 0.05) in the percentage of E. coli O157:H7 were 
found depending on the area where the samples 
were collected. Five isolates of E. coli O157:H7 
were obtained in the salad samples collected 
from Kadhimiya, Al-Sadriya, and Hay Al-Amel, with 
percentages of 20%, 40%, and 40%, respectively. 
Meanwhile, four isolates were obtained from the 
hand swab samples from Al-Sadriya and Hay Al-
Amel, each with a percentage of 50%. All isolates 
were confirmed to be E. coli O157:H7 following 
previously described diagnostic methods.12 All 
the isolates identified to be E. coli O157:H7 were 
distinguished by their inability to ferment sorbitol, 

colorless to pale circular shape in CT-SMAC 
medium, small size and smoothness, and pink 
appearance on MaconConkey agar medium due 
to their ability to ferment lactose.
 A previous study20 reported that CT-
SMAC medium is commonly used to isolate 
E. coli O157:H7 because of its biochemical 
characteristics, including its inability to ferment 
sorbitol, compared to more than 90% of E. coli 
bacteria that can ferment this sugar. Moreover, this 
medium is fast, cheap, and simple to use. Adding 
rhamnose sugar to this medium has contributed to 
increasing the transparency of pale colonies due to 
the inability of serotype O157:H7 to ferment this 
sugar. Moreover, O157:H7 is resistant to tellurite, 
which can affect other types of colored bacteria 
when added in the form of salts to the medium.

Table 3. Percentage of E. coli O157:H7 bacteria in ready-to-eat salad samples and workers’ hand swabs in sampling 
areas

Sample collection   Ready-to-eat salads      Workers hand swabs
areas
 No. of Percentage  No. of Percentage 
 isolates  (%) isolates %

Mansour 0 0 d 0 0 c
Karrada 0 0 d 0 0 c
Kadhimiya 1 20 c 0 0 c
Palestine street 0 0 d 0 0 c
Al-Sadria 2 40 b 2 50 b
Hay Al-Amel 2 40 b 2 50 b
Total 5 100 a 4 100 a
LSD value -- 14.54 * --- 16.79 *

Means having with the different letters in same columns differed significantly.   * (P≤0.05).

 Consistent with the findings of the 
present study, the results of a previous study21 
showed that the isolation percentages of E. coli 
O157:H7 in ready-to-eat salad samples from 
shops of Gaza schools in Palestine are 1.2%–2.%. 
Meanwhile, the isolation percentage of this 
serotype in fresh cabbage in India is 3.3%.1

 In a previous study,15 the isolation rate 
of this bacteria is 2.59% in vegetables sold in 
open markets while less than 1.4% in washed and 
packaged vegetables displayed in closed vegetable 
stores. Another study22 found that washing the 
vegetables used in salads with a saline solution 

can significantly reduce the proportion of E. coli 
O157:H7; specifically, the contamination rate 
is 0.12% in vegetables washed with water only, 
whereas none of these bacteria are isolated in 
vegetables washed with saline solutions.
 Several studies9,14,23 indicated that 
the salads are exposed to several sources of 
contamination, such as the vegetable shops, 
in which the products are covered with worn-
out cloths and sprayed constantly to maintain 
freshness, the hands of workers who do not 
follow health conditions and personal hygiene 
requirements, and cutting and preparation utensils 
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and equipment that were previously used in meat 
preparation. Flavors and spices with poor quality, 
damage, or high microbial contamination also 
play a role in pollution. Moreover, unhygienic 
display methods, flies and other insects, dust, 
and other inappropriate conditions contribute 
to the contamination of food, especially those 
that are offered fresh to the consumer without 
being cooked. A previous study24 reported that 
high temperatures promote the growth and 
reproduction of microorganisms in ready-to-eat 
vegetables, whereas preserving vegetables at 
4 and 10°C can minimize the total number of 
bacteria to 2.212–3.154 log cfu/g. Another study25 
in Nigeria confirmed that the percentage of 
coliform bacteria isolation increased significantly 
on the outer surface of vegetables when the 
summer temperature rose from 20°C to 30°C. 
Specifically, it increased from 8.3% to 35% in 
tomatoes, 1.7% to 46.2% in cabbage, and 1.5% 
to 20% in carrots. Previous research26 indicated a 
positive correlation between the total number of 
fecal coliform bacteria present in vegetables and 
their number in irrigation water contaminated with 
wastewater. This study also reported that some 
vegetables, such as carrots, are less polluted than 
others, whereas cabbage recorded the highest 
levels of contamination. Previous studies4,17 
revealed that the presence of pathogens, such 
as fecal coliform bacteria, especially E. coli 
O157:H7, in vegetables cannot be underestimated 
because it represents a serious threat to health, 
especially when these vegetables are consumed 
raw. Common reasons for the contamination of 
vegetables with pathogens are either growing 
them in soil contaminated with animal waste, 
irrigating them with water contaminated with 
sewage, or washing them with contaminated 
water.

CONCLUSION

 The study showed the direct potential 
risks to consumer health of the increased total 
coliform counts in ready-to-eat salads and 
hand swabs of food handlers. Coliforms can 
contaminate, grow, and multiply in vegetables 
used to prepare the salads offered by restaurants 
in the study areas. The serotype E. coli O157:H7 

was observed in some study samples and in the 
same areas where the rates of  E. coli and fecal 
coliform bacteria increased. Considering the 
virulence of E. coli O157:H7 and its direct impact 
on consumer safety, we highly recommend 
implementing quality programs in ready-to-eat 
vegetable salad production chains, raising the 
cultural level and health awareness of restaurant 
owners and workers preparing these salads, and 
raising public awareness of the potential health 
risks of consuming contaminated food products.
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