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ABSTRACT: 

 

It is well known that water is a useful tool for reducing potential contamination present on fruits and 

vegetables, but it can also transfer pathogenic microorganisms. The contamination of fruits and vegetables 

has been reported to occur anywhere from farm to fork. So one of the methods of disinfection of fruits and 

vegetables at home, i.e. biocleaner, was studied to analyse its awareness and efficiency. Biocleaners are 

solutions designed to remove harmful germs and pesticides, leaving no aftertaste, smell, or residue. The 

efficiency of biocleaner was checked using 3 test organisms, i.e. E.coli, S. typhi and S. aureus, as they were 

the most common organisms present on fruits and vegetables. The resultant biocleaner was effective only 

until a particular concentration up to 12.5%. The further approach was to compare the inhibitory effects of 

UV radiation and Dalton bio-cleaner on the test organisms.   

An online survey was conducted to know about the usage and awareness regarding one of the eco-friendly 

disinfecting solution biocleaner and to understand the measures people have adopted for disinfecting fruits 

and vegetables and the means they have adopted for disinfecting fruits and vegetables from the start of the 

pandemic. 
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INTRODUCTION:  

 

Although it is well known that the quality 

of the air we breathe, the fruits and 

vegetables we eat and the water we drink 

can affect our health but it is far more 

difficult to understand about the cleaning, 

disinfecting and chemical products that 

we use or spray to clean and disinfect 

them. 

The world is facing an unusual threat from 

the COVID-19 pandemic caused by the 

SARS-CoV-2 virus. Many countries are 

following the advice from the World 

Health Organization (WHO) regarding the 

introduction of physical distancing 

measures as one of the ways in which 

transmission of the disease can be reduced. 

The application of these measures has 

resulted in the closure of many businesses, 

schools, and institutes of education, and 

restrictions on travel and social gatherings. 

For some people, working from home, 

teleworking, and on-line or internet 

discussions and meetings are now normal 

practices. Food industry personnel, 
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however, do not have the opportunity to 

work from home and are required to 

continue to work in their usual workplaces. 

Maintaining the movement of food along 

the food chain is an essential function to 

which all stakeholders along the food 

chain need to contribute. [WHO/2019-

nCoV/Food Safety/2020.1] 

  

IMPORTANCE OF FRUITS AND 

VEGETABLES AND THEIR 

SANITIZATION 

Sanitization of fruits and vegetables was 

important even before the COVID-19 

pandemic. As fruits and vegetables play an 

essential role in a healthy diet by serving 

as a source of phytonutrients such as 

carotenoids, cyclic compounds, indoles, 

polyphenols, and various other secondary 

metabolites and micronutrients such as 

vitamins and minerals help perform 

multiple biological activities in day-to-day 

life.[Beecher,1999; Slavin et .al, 2012; 

Brechtet et.al,2004; Minocha 

et.al,2018;Santarelli et.al,2018.].Health 

advisors and dieticians insist on the 

consumption of a majority of these fruits 

and vegetables in raw form in order to 

keep the complete phytochemicals and 

nutrients profiles that are otherwise lost 

during cooking or other processes. 

[Brookie et.al, 2018; Callejón et.al, 

2015; FDA (Food and Drug 

Administration), 2001a; Forsythe et.al, 

2010; Yeni et.al, 2016; Gorny et.al, 

2005.]. During, the last few decades, 

consumption of fruits and vegetables 

showed a significant increase, and this 

trend is expected to continue through the 

next decades. According to the FAO 

(2020), fruit consumption increased by c.a. 

25% while vegetable consumption 

increased by c.a. 22%, with some 

discrepancies observed between different 

regions of the world. [FAO (Food and 

Agriculture Organization), 2020]. 

However, the increased consumption of 

fresh fruits and vegetables has led to an 

increased risk of contracting food-borne 

illnesses associated with pathogens and 

toxic chemicals. The contamination of 

fruits and vegetable has been reported to 

occur anywhere from farm to fork. The 

point of contact between the pathogen and 

commodity is believed to lie between the 

pre-harvest phases through contaminated 

seeds, irrigation water, soil, and pests; to 

postharvest processes including machine 

contact surfaces, cross-contamination from 

cutting boards, transportation, or improper 

handling [FDA, 2001a; Forsythe, 2010; 

Gorny, 2005; Yeni et.al,2016; Zhao, 

Zhao et.al, 1998. ] 

  

TRANSMISSION OF PATHOGENS 

BY FRUITS AND VEGETABLES 

Different microbial groups of the 

microbiome of fresh produce [Fruits and 

vegetables] can have diverse effects on 

human health. Fruits and vegetables can be 

contaminated with spoilage or pathogenic 

bacteria at any stage from production to 

consumption [Santarelli et.al, 2012; 

Slavin et.al, 2018.]. Although their 

microflora is dominated by spoilage 

bacteria, yeasts, and molds, fruits and 

vegetables can harbor pathogenic bacteria 

such as 

Salmonella, Escherichiacoli, Bacilluscereu

s, Campylobacter spp., Yersinia 

enterocolitica, Listeria 

monocytogenes,and Clostridiumbotulinum, 

as well as some viruses and parasites 

[Santarelli et.al,2012]. For instance, In 

Royal Hospital, Oman, May 2008, B. 

cereus caused a nosocomial outbreak with 

gastroenteritis and affected 58 

individuals. B. cereus and its toxin were 

found in different foods, including 

vegetables [Brookie et.al, 2018]. Shiga 

toxin producing E. coli O104:H4 in 

Germany caused a more serious outbreak, 

May–July 2011 where 2987 cases of 

gastroenteritis, 855 cases of hemolytic-

uremic syndrome, and 53 deaths were 

reported. [Tanmayee Bhilwadikar et.al] 
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Contrary to the hundreds of pathogenic 

microorganisms known, human pathogens 

account for much less than 1% and only 

few viruses are associated with food-borne 

outbreaks. To date, more than a hundred of 

enteric viruses have been recognized 

pathogenic causing food borne illness and 

most of them are Hepatitis A and 

Noroviruses. Indeed, the history of viruses 

as food contaminants and food-borne 

illness causing agents is recent and 

juvenile compared to bacterial food-borne 

illnesses known from decades ago. [Gorny 

et.al, 2005.] 

As numerous viruses are susceptible to 

contaminate crops during growth, 

harvesting, handling, marketing and 

minimal processing, these steps share one 

common factor, which is human. Different 

studies showed viruses might persist on 

different crops for periods of 2 to 14 days 

under different conditions such as 

refrigeration, household and freezing. The 

persistence of the viruses depends on the 

inanimate surface or the medium, and 

greatly on their two major structures. First 

are enveloped viruses possessing an 

external layer made of proteins and lipids. 

This layer is easily destructured by soaps 

or alcohols inactivating the viruses). In 

contrast, the second category of viruses are 

non-enveloped ones and have an external 

protein shell which is resistant to 

environmental stressors and many 

disinfectants. Unfortunately, in food-borne 

diseases caused by viruses only Avian 

Influenza, SARS, and Nipah diseases are 

caused by enveloped ones, while other 

non-enveloped ones are major contributors 

to many infections for example, 

astroviruses, Aichi virus, caliciviruses, 

HAV, and HEV which are small and more 

difficult to control. In matter of 

persistence, the different studies show that 

rotavirus (non-enveloped) were found on 

strawberry irrigated with contaminated 

water, and these non-enveloped viruses are 

more persistent, therefore, surviving and 

spreading from fresh produce production 

to their storage even though their 

concentration declines because of their 

inability to multiply. An interesting 

research investigated the persistence of 

poliovirus on different fruits and 

vegetables. In this study, the decimal 

reduction times (D-value = days after 

which the initial virus number declines by 

90%) was 14.2 days for white cabbage, 

11.6 days for lettuce and 8.4 days for 

frozen strawberries, while no decline was 

observed for green onion and fresh 

raspberries. Other examples reported the 

persistence of hepatitis A virus in spinach 

during refrigerated storage, and norovirus 

and adenovirus were found to be persistent 

in soft berries. These results show well 

that viruses could persist under the retail 

and household storage conditions for 

several days and represent a real risk for 

the consumers if fresh crops are 

contaminated prior to their consumption. 

Besides the minimally processed fruits and 

vegetables are typically sold to the 

consumer in a ready-to-use or ready-to-eat 

form, and are well appreciated by the 

consumers. Unfortunately, during their 

processing and packaging, produce might 

be subjected to some viruses' 

contamination. For example, enteric 

viruses were detected on the packaging 

material of minimally processed leafy 

greens, and many viruses survive well on 

hands and are spread by workers. Another 

case was reported by Bidawid, Farber, and 

Sattar, who demonstrated that 

approximately 10% of the HAV virus 

particles are transferred from faecally 

contaminated fingers to foods and 

surfaces, thus increasing the potential for 

contamination. [Bidawid, 

2000b;Mokhtari et.al ,2009; Zahra S 

et.al] 

Regarding COVID-19 as it is a respiratory 

illness and the primary transmission route 

is through person-to-person contact and 

through direct contact with respiratory 

droplets generated when an infected 

person coughs or sneezes. There is no 
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evidence to date of viruses that cause 

respiratory illnesses being transmitted via 

food or food packaging. Corona viruses 

cannot multiply in food; they need an 

animal or human host to multiply. The 

most recent advice from the WHO is that 

current evidence indicates that COVID-19 

virus is transmitted during close contact 

through respiratory droplets (formed on 

coughing or sneezing) and by fomites. [3] 

The virus can spread directly from person-

to-person when a COVID-19 case coughs 

or sneezes, producing droplets that reach 

the nose, mouth, or eyes of another person. 

Alternatively, as the respiratory droplets 

are too heavy to be airborne, they land on 

objects and surfaces surrounding the 

infected person. It is possible that someone 

may become infected by touching a 

contaminated surface, object, or the hand 

of an infected person and then touching 

their own mouth, nose, or eyes. 

[WHO/2019-nCoV/Food Safety/2020.1]  

Little is known on SARS-CoV-2, but 

preliminary studies showed that this virus 

might survive 24 hrs. on cardboard and 

72 hrs. on plastic, materials used in fruits 

and vegetables packaging. Based on 

preliminary data, there is no evidence of 

food or food packaging being associated 

with transmission of SARS-CoV-2. Some 

agencies indicated that in case some 

commodities and handlers are 

contaminated among the multiple people 

involved from the farm to the table, a 

cross-contamination may occur, and the 

risk of the contamination of food, food 

contact materials, and packaging from 

infected but asymptomatic workers should 

not be discarded even though considered 

“Very Low = meaning very rare but 

cannot be excluded. [Gorny et.al,2005] 

The escalating demand for food production 

has led to increased use of pesticides in the 

agricultural fields, resulting in the 

occurrence of these hazardous chemical 

residues in soil, water, air, as well as on 

the surface of crops and vegetables. 

[NoureddineBenkeblia] 

Some pesticides comprise highly 

recalcitrant chemicals that are aimed to 

eliminate a wide variety of pests, bacteria, 

fungi, and weeds. However, excessive and 

prolonged use of these pesticides often 

leads to their accumulation on fruit and 

vegetable surfaces, which become 

potentially toxic to the human body 

[Mokhtar et.al, 2009; Fenik et.al, 2011]. 

The maximum residue level (MRL) is the 

index set to represent the permitted level 

of pesticide residues, and it shows that a 

product containing residues below the 

MRL value is safe to consume. Vegetable 

samples collected from the Andaman 

Islands, India, and revealed 15.3% of total 

samples contained pesticide residues above 

MRL [Sharma et.al, 2010]. Post-harvest 

washing, which was once considered a 

decontamination method, is now viewed as 

a high-risk cross-contamination point. 

All these facts suggest that the pathogen 

can be transmitted by the contaminated 

food package and water [Swarnam et.al, 

2013] along with harmful chemicals like 

pesticides and insecticides. Therefore, risk-

management approaches should be 

adopted to inspect the potential infected 

food, especially the cold chain food. 

This has increased attention towards the 

microbiological safety of fruits and 

vegetables and, in particular, on 

intervention to kill or remove human 

pathogens from fresh produce. Efforts to 

minimize the microbial contamination of 

fresh fruits and vegetables are essential 

and timely. Effectively washing fruits and 

veggies before eating them is very 

important. Water alone is not effective for 

germ removal and cleaning vegetables & 

fruits. It often leaves behind pesticides and 

is not able to disinfect the vegetables and 

fruits from food-borne illnesses causing 

germs. This can affect the health and 

safety of a person. Bio Cleaner is an edible 

and safe ingredient based Solution with 

excellent cleansing power to mostly 

remove many surface hazards like 

pesticides, fungicides, bacteria’s, 
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pathogens, sand, oil, wax, dirt, etc. Present 

on the surface of vegetables and fruits 

which are nearly impossible to wash with 

water alone. [Gormley et.al, 2020]     

 

 

MATERIALS AND METHODS 

 

A. To determine the minimum 

inhibitory concentration of dalton 

bio-cleaner.  

1. Prepare 1:2 fold dilution of Dalton 

bio-cleaner(1:64) 

2. 24hour old culture suspensions of 

E.coli, S. aureus, S. typhi(0.5-

Macfarland’s Density) was the test 

organisms used for the study.  

3. Incubate at 37°Cfor 24 hours. Tube 

number 8 and 9 are positive (nutrient 

broth + culture) and negative (nutrient 

broth + bio-cleaner) controls 

respectively.  

4. After incubation, a series of dilution 

tubes are observed for microbial 

growth usually indicated by turbidity 

and/or a pellet of microorganisms in 

the bottom of the tube.  

5. The last tube in the dilution series that 

does not demonstrate growth 

corresponds with the minimum 

inhibitory concentration of the 

antimicrobial agent.  

 

Dilution table: 

Stock solution- Dalton bio-cleaner (10ml) 

Diluent- Nutrient Broth (10ml) 

 

Sr. No. Volume 

of stock 

(ml) 

Volume 

of 

Diluent  

(ml) 

Volume 

of 

culture 

(ml) 

Dilutions 

1 1 - 0.1 undiluted  

2 1 1 0.1 1:2 

3 1 1 0.1 1:4 

4 1 1 0.1 1:8 

5 1 1 0.1 1:16 

6 1 1 0.1 1:32 

7 1 1 0.1 1:64 

Positive 

control 

- 1 0.1  

Negative 

control 

1 1 -  

 

[Table 1 - Dilution table of Dalton 

biocleaner for performing MIC] 

 

B. To study the inhibitory effect of 

ultraviolet rays and dalton bio-

cleaner.  

FOR BIO-CLEANER- 

1.      Take spinach leaves, surface, sterilize 

it using absolute alcohol. 

2.      Swab it with 0.1 ml of test organism 

(24 hour old culture suspension of E. 

coli, S. aureus, S. typhi). 

3.      Now dip these leaves in the beaker 

containing bio-cleaner for given time 

intervals 2 minutes, 5 minutes, 10 

minutes and 15 minutes.  

4.      Take a swab from the leaves, surface 

spread it on the nutrient agar plate.  

5.      For positive control, take a swab 

from unwashed leaf and surface spread 

on the nutrient agar plate.  

6.      Keep these respective plates for 

incubation for 24 hours at 37°C and 

observe the growth patterns. 

 

FOR UV-  

Take spinach leaves, surface sterilize it 

using absolute alcohol. Swab it with 0.1 

ml of test organism.  

2.      Now Expose the culture to UV for 

the time interval of 2 minutes, 5 minutes, 

10 minutes and 15 minutes.  

3.      Take a swab from the leaves and 

spread on the nutrient agar plate.  

4.      Keep these respective plates for 

incubation for 24 hours at 37°C and 

observe the growth patterns.  

5.      Also compare the results with the 

bio-cleaner plate 
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RESULTS:  

A. MIC of Dalton bio-cleaner:  

 

Dilution Observation 

 S. 

typhi 

S. 

aureus 

E. coli 

Undiluted - - - 

1:2 - - - 

1:4 - - - 

1:8 - - - 

1:16 + + + 

1:32 + + + 

1:64 + + + 

Positive 

control 

+ + + 

Negative 

control 

- - - 

 

[Table 2 –Observation table for MIC of 

Dalton bio cleaner against test 

organisms] 

Note: + indicates growth  

          - indicates no growth 

 

MIC for S. aureus, S. typhi and E. coli was 

observed as 1:8, which is 12.5%. 

 

 

 

 

 

[Figure 1 – The above picture depicts 

the MIC for E. coli, S.aureus and S. typhi. 

The turbidity indicates growth] 

 

B. Inhibitory effects of Dalton bio-

cleaner and U.V rays: 

 

FOR BIOCLEANER 

 

Test 

organism 

Time of exposure ( in 

minutes) 

 2  5  10  15  

E. coli +++ ++ ++ + 

S. typhi +++ ++ ++ + 

S. aureus +++ ++ ++ + 

 

[Table 3: Effect of biocleaner on test 

organisms for different time intervals] 
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[Figure 2 - The above pictures shows the 

growth pattern and inhibitory effect of 

dalton bio-cleaner towards E.coli, 

S.typhi,and S.aureus in the given time 

frame] 

 

 

 

 

 

 

FOR UV 

 

Test 

organism

  

Time of exposure (in 

minutes) 

 2  5 10 15 

E.coli - - - - 

S. typhi - - - - 

S. aureus - - - - 

 

[Table 4: Effect of UV rays on test 

organisms for different time of 

exposure] 

 

Key:  

+++ - for matt growth 

++ - for heavy growth 

+ - for growth 

-  - for no growth 
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[FIGURE NO 3. The above picture 

depicts the effect of U.V on 

E.coli,S.typhi, S.aureusin the given time 

frame. The half side of the plate lid was 

directly exposed to U.V and remaining 

part was covered with the lid] 

 

DISCUSSIONS: 

 

Our study aims to analyze the efficiency of 

biocleaners and the awareness of 

biocleaner among the respondents. 

Washing with disinfecting solution like 

biocleaner is important for hygiene of 

fruits and vegetables, it particularly 

removes soil and debris. Most of the 

sanitizing solutions induce higher 

microbial reduction after washing when 

compared to water washing alone. To 

check whether the bio-cleaner is effective 

enough to kill microorganisms, two 

different experiments were carried out 

using easily available biocleaner Dalton 

and three test organisms, E. coli, 

S.aureus and S.typhi. The need for 

knowing the exact concentration at which 

the disinfecting agent works to remove the 

maximum amount of pathogenic 

organisms is important. Minimum 

Inhibitory Concentration is defined as the 

lowest concentration of an antimicrobial 

agent that can inhibit a visible growth of 

microbes. MIC was determined by using 

tube dilution method. When diluted at a 

concentration of 6.25% or less, 

microorganisms could flourish, i.e. the 

bio-cleaner was no more effective in 

inhibiting microbial flora. Therefore, the 

bio cleaner was only effective enough to 

inhibit the cultures of E.coli, S. 

aureus and S.typhi until 1:8 dilution. It 

also means that excessive dilution of bio- 

cleaner will not inhibit growth of 

organisms. The further approach was to 

compare the inhibitory effects of UV 

radiation and Dalton bio-cleaner on the test 

organisms. Ultraviolet germicidal 

irradiation is a disinfection method that 

uses UV light to kill microorganisms. For 

this experiment, a sample of spinach 

leaves was taken and sterilized using 

alcohol, test organisms were swabbed on 

it.  These leaves were taken further to 

analyze which method is more efficient 

biocleaner or UV radiation to inhibit test 

organisms. For, UV irradiation method 

swabs were taken from these leaves and 

inoculated on different Nutrient Agar 

media and were kept for different time 

intervals under UV radiation and for 

biocleaner these leaves were first dipped in 

the biocleaner for different time intervals 

and then swabs were taken from it and 

inoculated on different time interval 

labeled Nutrient Agar plates and growth 

was seen after incubation of 24 hrs at 

37°C. It was observed that UV radiation 

was far more efficient than biocleaner in 

inhibiting the test organism in a shorter 

time. 

Further, an online survey was conducted to 

analyze the usage and awareness of 

biocleaner among people. The online 

survey was conducted using Google 

Forms, which was disseminated using 
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social media platforms. The survey was 

targeted for all categories, including 

peoples of different age, gender and 

region. The study obtained a total of 410 

responses which were collected from 28 

Feb 2021 until 16 March 2021.  
 

About 82.2 % (337 participates) of the 

participant were between the age group of 

15 -24 years, 10% (41 participates) of the 

participant were between the age group of 

25 - 34 years, while 4.6 %(19 participates) 

of the people were between the age group 

of 45- 54 years and a little over 2.9 % (12 

participates) of the people were between 

the age group of 35 - 44 years and only 0.3 

% (1 participate)were between the age 

group of 65-74 years. 

 

The data collected showed that majority of 

people were not using biocleaner i.e. 

among 410 participant of the survey 327 

were not using biocleaner whereas 83 

participant were using biocleaner to 

disinfect their fruits and vegetables among 

which the majority (78.3%) started using it 

once the pandemic started. 

Among the 196 male participants 42 males 

use bio cleaner for washing their                            

vegetables and fruits while 154 males 

don’t use it.Among 214 female 

participants 41 females use bio cleaner for 

washing their vegetables and fruits while 

173 females don’t use it. 

 

Most of the people (31. 3%) came to know 

about the bio cleaner through friends or 

relatives followed by 26.5% through 

advertisement on social media, 19.3% 

through advertisement on TV, while  12% 

newspaper article advertisement and rest 

of the 10.8% participant Googled about it. 

 

In the choice of brands for biocleaner, 

most of the population, i.e. 64.6% 

favoured Dalton. Among the participants 

who were using biocleane 54.2% said that 

they will continue using it even after the 

pandemic ends and the rest of them were 

not sure (27.7%) or will stop (18.1%) 

using biocleaner, once the pandemic gets 

over. 

 

Among 83 participants of the survey, who 

were using bio cleaner were aware of the 

properties/facts about the biocleaner. 

Whereas among 327 participants who were 

not using biocleaner, only 130 people did 

not have any idea about the properties of 

biocleaner, rests all were aware about the 

properties. 

 

Comparatively, people who were not using 

biocleaner preferred washing fruits and 

vegetables with plain water only (65.4%). 

Among these, participants who were not 

using biocleaner 44.6% adopted over one 

method to cleanse their fruits and 

vegetables; the rest of the 55.4% were 

using the same old method. These 

participants were not using biocleaner 

because they didn't feel it was required 

(36.7%), they were using other alternative 

methods (30.6%) and the rest of them were 

not aware about it (27.8%). These 

participants were interested in using 

biocleaner in future if they came to know 

about its benefits. The similarities among 

the participants who were using the 

biocleaner, and those who were not using 

most of them, were aware of few or over 

properties/facts about the biocleaner. 

  

CONCLUSION: 

The minimal inhibitory concentration for 

all the test organisms was found to be 

12.5% of bio-cleaner and tolerance was 

found to be 25%. 

The resultant biocleaner was effective only 

until a particular concentration up to 

12.5%. 

It could kill organisms at a high 

concentration. 

It was also found that ultraviolet radiation 

was highly effective to kill the 

microorganisms for a shorter time period 

of exposure, i.e. 2 min, whereas 

biocleaners comparatively took longer 

time to inhibit organisms. This implies that 

we need to expose the vegetables and 

fruits against biocleaners, for a minimum 

of above 15min, to effectively kill the 

microbes. 
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An online survey was conducted to 

analyze the usage and awareness of 

biocleaner among people. It was observed 

that only 130 people out of 410 were not 

aware of its properties. 

  

FUTURE STUDIES: 

To understand and study further the 

efficiency Of Bio-Cleaners the following 

studies need to be carried out which are as 

follows 

• To study the efficiency of bio-cleaner 

against spore forming organisms, 

viruses. 

• To study the sensitivity of 

microorganisms to biocleaners by 

disc diffusion method. 

• To perform Time kill curve study 

against Bio-cleaners using organisms. 

• Comparative study of bio cleaner 

against other methods of disinfection 

of fruits and vegetables. 

• Finding other sustainable products for 

disinfecting fruits and vegetables and 

their efficiency. 

• To find the mechanism of individual 

ingredient present in a biocleaner 

against the pathogenic organisms 

known to be transmitted against fruits 

and vegetables. 
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