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Green vegetable foods are highly contaminated with bacteria and in order to reduce viable bacterial
count in this important type of foods and make it less harmful; this research used different types of
decontaminants in certain acceptable concentrations.
Twenty five bundles of green vegetable foods had been collected from vegetable shops and peddlers in
Baghdad, samples had been washed three times and treated with 0.1% potassium permanganate, 10%
sodium chloride (table salt), 5% acetic acid (apple vinegar), and 2 Parts Per Million (PPM) of sodium
hypochlorite separately, then the soaked water had been inoculated on nutrient agar and incubated for
a viable bacterial count.
It had been found that these substances have clear effect in bacterial reduction and this may help in
reducing the harmful effect of pathogenic ones for human health 0.1% potassium permanganate was
the most effective decontaminant, followed by 5% acetic acid, 10% table salt, while 2 ppm of sodium
hypochlorite exhibited less effectiveness.
Using of different types of decontaminants in certain concentrations that have a lower harmful effect
on health and on plant structure with green vegetable foods helps in bacterial reduction and
contributes in preventing their harmful effect.
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Introduction
In human daily food need, green leaves vegetable should be
used as a main source for the most important vitamins and
other body requirements, they play an important role in human
health and metabolism in human body physiology especially
when they consumed raw without exposure to heat [1]. Because
of different unsafe methods of crop irrigation, contact with
animals, and handling after harvesting, many types of bacteria
grow on these vegetable causing contaminations leading to
different types of disorders [2]. Recent studies confirm the
association between fresh green leaves vegetable intake and
gastrointestinal disorders, some of these disorders caused by
pathogenic microorganisms, while others may be caused by
toxins produced by them, these toxins may produce nervous
system disorders [3].

Decontaminants should be used on green leaves vegetable in
order to reduce the harmful effect of contaminant
microorganisms. Substances in certain concentrations,
including potassium permanganate, sodium chloride (table
salt), acetic acid (apple vinegar), and sodium hypochlorite
(household bleach product) usually used as decontaminants for
green leaves vegetable in household. These substances should
be used in certain concentrations that can give the best results
with preserving the nutritional value of vegetables and with
less toxic effect on human health [4-6]. Other substances may
have an effect against microbial contaminants but it less used in

a household, they may be used in large food factories or for
ready to eat vegetables in markets [6].

Aim of the Study
The aim of this study was to find the most effective substance
for decontamination of green vegetable foods in a household
that makes it safe to eat with less harmful effect.

Materials and Methods
This includessample collection, preparation of samples into
groups, preparation of decontaminant's concentrations,
bacterial counting.

Sample collection
Samples had been collected during the period from October to
December 2020 from different sites of vegetable shops and
peddlers in Baghdad, a total of 25 bundles had been collected
randomly and transported with minimum delay to the
microbiology laboratory without cooling by the fridge [7].

Methods
• In this research 20 g of Cut Green Leaves and Parts of Stem

(CGLPS) had been soaked in 800 ml of sterile distilled
water and manual shaking for 3 minutes [8].
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• The previously washed CGLPS had been soaked three
times again with 800 ml of sterile distilled water and in
each time the same method had been repeated.

• 0.1 ml of the last wash water had been inoculated onto
nutrient agar media plates for determining the viable
bacterial count CFU/ml of the sample. The CGLPS used
after the third wash considered as a control for this study.

• After the 3rd wash, the 20 gm of CGLPS had been
distributed into 4 portions equally (5 gm for each) put in
sterile containers (beakers): ABC and D 200 ml of 0.1%
potassium permanganate, 200 ml of 10% sodium chloride
(table salt), 200 ml of 5% acetic acid (apple vinegar), and
200 ml of 2 ppm of sodium hypochloritehad been added to
beaker ABC and D respectively. Each portion had been
processed separately.

• CGLPS had been soaked in each solution for 10 min with
shaking. The solutions had been decanted and sterile
distilled water had been added to the samples and decanted
to remove the traces of decontaminant solutions.

• The beakers had been refilled with distilled water and the
contents had been shaken vigorously and the soaked water
used to study bacterial counting.

• Of each portion 0.1 ml of the soaked water had been
inoculated onto nutrient agar media plates for determining
bacterial viability CFU/ml of the sample. All inoculated
plates had been incubated in 37°C for 18 hrs-24 hrs.

All steps of experiments had been conducted at room
temperature and use sterile distilled water.

Statistical analysis
Data obtained was analyzed by (ANOVA 1) method for
multiple comparisons. Numeric data was expressed as (mean
+SD), P-value (p<0.01) was considered significant when it was
(P ≥ 0.05) and highly significant when it was (P ≥ 0.001). To
generalize the mean count, 95% confidence interval had been
used.

Results
Figure 1 and Table 1 showing general description for the viable
count of bacteria isolated from control and samples treated
with different types of decontaminants.

Figure 1. Show the viability differences among different 
groups of treatment and controls.

Decontaminants N Mean ± Std.
Deviation

Std. Error 95% Confidence interval for mean Minimum Maximum

Lower bound Upper bound

0 25 0.4000±0.05292 0.03055 0.2686 0.5314 0.36 0.46

A 25 0.0071±0.00021 0.00012 0.0065 0.0076 0.01 0.01

B 25 0.0204±0.00113 0.00065 0.0176 0.0232 0.02 0.02

C 25 0.0169±0.00166 0.00096 0.0128 0.021 0.02 0.02

D 25 0.0255±0.00130 0.00075 0.0223 0.0287 0.02 0.03

Table 1. General description of the viable bacterial counts.

 treatment in compare with control group.

LSD (I) Group Mean difference (I-J) Std. Error Sig. 95% Confidence interval

Lower bound Upper bound

0 A 0.39293* 0.1934 0.000 0.3498 0.4360

B 0.37960* 0.1934 0.000 0.3365 0.4227

C 0.38310* 0.1934 0.000 0.3400 0.4262

D 0.37450* 0.1934 0.000 0.3314 0.4176
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Table 2. LSD test to show the differences between control group and different treatment groups. *: The mean difference is 
significant at the 0.05 level.
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Table 2 shows the bacterial viable counts for portions of 

Table 3 shows the differences in viability among different portions of treatment.



LSD (I) Group Mean difference (I-J) Std. Error Sig. 95% Confidence interval

Lower bound Upper bound

0 A 0.39293* 0.1934 0.000 0.3498 0.4360

B 0.37960* 0.1934 0.000 0.3365 0.4227

C 0.38310* 0.1934 0.000 0.3400 0.4262

D 0.37450* 0.1934 0.000 0.3314 0.4176

A 0 -0.39293-* 0.1934 0.000 -0.4360 -0.3498

B -0.01333 0.1934 0.506 -0.0564 0.0298

C -0.00983 0.1934 0.622 -0.0529 0.0333

D -0.01843 0.1934 0.363 -0.0615 0.0247

B 0 -0.3796-* 0.1934 0.000 -0.4227 -0.3365

A 0.01333 0.1934 0.506 -0.0298 0.0564

C 0.0035 0.1934 0.860 -0.0396 0.0466

D -0.00510. 0.1934 0.797 -0.0482 0.038

C 0 -0.38310-* 0.1934 0.000 -0.4262 -0.3400

A 0.00983 0.1934 0.622 -0.0333 0.0529

B -0.0035 0.1934 0.860 -0.0466 0.0396

D -0.00860 0.1934 0.666 -0.0517 0.0345

D 0 -0.37450-* 0.1934 0.000 -0.4176 -0.3314

A 0.01843 0.1934 0.363 -0.0247 0.0615

B 0.0051 0.1934 0.797 -0.0380 0.0482

C 0.0086 0.1934 0.666 -0.0345 0.0517

Discussion
The risk of human infections with different types of diseases 
can be reduced by removing or killing pathogens by washing 
and treating with decontaminants, although this could not kill 
all kinds of bacteria, but it can reduce their numbers in the 
most possible way. These treatments cannot completely 
eliminate bacteria for several reasons, including the formation 
of biofilm, or may be bacteria become internalized inside plant 
tissues [9].

In this research, samples had been used directly to prevent 
refrigerating that influenced microbial growth and may reduce 
the real bacterial count [7,10]. Samples had been washed three 
times before starting treating with decontaminants firstly, 
because many references mention the importance of washing 
with water to reduce microbial content [7,11-13], and secondly, 
because the presence of organic materials and soil particles 
reduces the efficiency of decontaminants used [12,14]. Washed 
samples had been considered as control for statistical analysis 
of significances; it is clear from Figure 1 and Table 1 the 
reduction of the viable bacterial count after usage of different 
types of decontaminants [15].

All types of decontaminants were statistically significant and 
have a good action against bacterial viability, potassium 
permanganate in portion A was the most effective 
decontaminant used in this study this appeared in Table 2 in a 
comparison of different portions results with the control. 
Potassium permanganate kills bacteria especially coliforms it 
acts as an astringent, which is a drying agent [16,17]. Salt and 
vinegar were also effective in portion B and C, but not as 
potassium permanganate. Using sodium hypochlorite at higher 
concentrations may give much better results, but higher 
concentrations of this substance are prohibited because they 
have a toxic effect on the human body cells [14,18-20].

Conclusion
From the above we conclude that the use of decontaminants of 
different types and at acceptable concentrations for human 
consumption after washing green vegetables with water has a 
very positive effect by reducing the number of bacteria and 
thus preventing their harmful effect. The most effective 
substance is 0.1% potassium permanganate, second 5%
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Table 3. One way a nova (LSD) showing the differences in viability among different groups of treatment. *: The mean difference is 
significant at the 0.05 level.



vinegar, third 10% table salt and fourth 2 ppm sodium
hypochlorite.

Limitations
• This study had been done only in vitro cultivable bacteria.

Bacterial isolates have not been further characterized for
genera and species, properties, or drug resistance.

• Effects of different substances had been tested for a single
concentration for each one and the same time of soaking.

• Table salt used in this research consist of 99.9% Sodium
Chloride and 0.008% magnesium carbonate+potassium
iodide.
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