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Introduction 
 

Over the last couple of years there is been an 

increase in the demand and consumption on 

fruits and vegetables. Health related and 

fitness related concerns have led many people 

to reflect about their dietary habits and search 

for healthier alternatives (Alves et al., 2007; 

Allende et al., 2009; Artés et al., 2009; Darolt, 

2003). Organic foods, for example, are 

gaining in popularity for their nutritional 

benefits and sustainable cultivation methods 

which are believed to have a positive impact 

on food quality. However, even with a wide 

acceptance and demand for organics, 

conventional foods continue to lead the ranks 

in both categories. The food industry doesn´t 

stay far behind when it comes to pleasing their 

customers and boosting sales. Many industries 

and small producers have invested in Fresh 

Cut (FC) fruits and vegetables. The growing 

popularity of FC is mainly because of its 

convenience and nutritious alternative to 

regular fast foods (Abbott et al., 2004; Beltran 

et al., 2005). 

 

With the variety of both organic and 

conventional FC produce to choose from, 

consumers worldwide are faced with a serious 

question, “Which foods are safer and healthier 

to eat?” There is still much controversy 

regarding the nutritional benefits and the 
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safety of organic foods. In order to help 

consumers with their choice, research has 

strived to provide populations with as much 

detailed information by conducting studies 

that compare both foods (Smith-Spangler et 

al., 2012, Magkos et al., 2006). 

 

Results of various studies show that both 

organic and conventional foods have their 

benefits and drawbacks. Nutritionally, the 

differences between them are not significant 

enough for scholars to defend one more than 

the other. As for which is safer? Both contain 

known and potent risks to human health and 

much attention needs to be drawn on how to 

prevent or minimize them, especially 

microbiological contamination which is the 

most common (Forman and Silverstein, 2012; 

Maffei et al., 2013; Smith-Spangler et al., 

2012; Magkos et al., 2006). 

 

FC are not a low risk choice. Actually, there is 

a higher chance of contamination with FC 

than with whole produce (Gil et al., 2009). 

Although sanitation is a part of the preparation 

process, no food is 100% contamination free. 

Contamination can occur any time during the 

industrial process, packaging, transportation, 

storage and even through cross contamination 

(Forman and Silverstein, 2012; Smith-

Spangler et al., 2012; Magkos et al., 2006). 

This review aims to draw attention to possible 

microbiological contamination in fruits and 

vegetables of both conventional and organic 

fresh cut produce. 

 

Organic and conventional production 

 

Health and environmental concerns are the 

main reasons for the growing interest in 

organic foods. There is very little evidence 

that organic is safer and healthier when 

compared to conventional (Garcia and 

Teixeira, 2016). Currently, the strongest 

argument that sides with organic produce is 

due to its environmentally sustainable 

cultivation method. Organic farming does not 

use synthetic fertilizers, antibiotics or growth 

hormones. Crop rotations, crop residues and 

animal manure provide the soil with the 

necessary nutrients for cultivation. Biological 

controls, physical and mechanical methods are 

used to handle pests, weeds and other 

contaminants. Standards, although strict 

globally, vary from country to country.  

 

Organic fruits and vegetables are among the 

most popular organic products consumed 

(Alves et al., 2007; Forman and Silverstein, 

2012; Smith-Spangler et al., 2012; Mulet, 

2014, Skwarlo-Sonta et al., 2011). Studies 

demonstrate that consumers of organic foods 

are mostly people that are highly educated and 

with higher income, therefore share the same 

concerns in regard to health and the 

environment (Shi-Ming et al., 2006; Mulet, 

2014; Saba et al., 2003; Shafie et al., 2012). 

Food quality and safety are also a major 

concern among those who buy organic 

products, so the use of certifiers' seals is 

definitely the best way to check information 

that brings safety (Bartels et al., 2010; 

Bellows et al., 2010; Saher et al., 2006; Stolz 

et al., 2011). 

 

Even though the green peace movement that 

promotes living a healthier more 

environmentally conscious life. It has gained 

in popularity and conventional foods continue 

leading sales rankings (Smith-Spangler et al., 

2012; Stolz et al., 2011). This is mainly due to 

lower prices when compared to organic and 

also because majority of the worldwide 

population is used to consuming 

conventionally grown produce. 

 

For years, conventional food has been the 

most consumed especially in developing 

countries. Conventional farming includes a 

variety of cultivation and farming methods as 

well as many substances and additives. There 

are a number of synthetic pesticides including 
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those used to manage pests, weeds and other 

contaminants. It is common the use of 

hormones, antibiotics, genetic engineering and 

irradiation in conventional agriculture 

(DePonti et al., 2012; Skwarlo-Sonta et al., 

2011; Smith-Spangler et al., 2012; Stolz et al., 

2011). It is known that the difference between 

organic and conventional foods is directly 

related to the form of cultivation as 

demonstrated in Figure 1. 

 

Fresh-cut produce 

 

Busy lives and the demand for healthier foods 

have led to a major increase in FC 

consumption. FC produce is ready to eat raw 

fruits and vegetables which contents are 100% 

usable. FC produce should be as similar as 

possible to freshly prepared produce in 

organoleptic characteristics, nutritional value 

and safety. The preparation process of FC 

include the following steps: receiving, 

separation, pre cooling, washing, disinfection, 

peeling, trimming, deseeding, cutting, dipping, 

drying, packaging, labelling, storage and 

distribution as shown in Figure 2. Removing 

the natural barrier by pealing and cutting 

increases the risk of contamination. The 

surface can become moist and expose 

nutrients that favor microbial growth (Artés et 

al., 2009; Choi et al., 2012; Gil et al., 2009; 

López-Gálvez et al., 2009; Ölmez et al., 2009; 

Ruiz-Cruz et al., 2007; Tornuk et al., 2011). 

 

The growing demand for FC has gotten a lot 

of attention because of the increased risk of 

microbiological contamination. FC has been 

responsible for a number of foodborne 

outbreaks over the past few years (Ölmez et 

al., 2009). Processing steps such as peeling 

and cutting can lead to microbial growth at the 

cut surface. By breaking the protective 

surface, nutrients are exposed enhancing 

microbial growth. Bacteria can easily adhere 

to wounded produce, making its removal 

difficult even with use of sanitizers (Allende 

et al., 2009,Gil et al., 2009,Ruiz-Cruz et al., 

2007). 

 

The risk of microbiological contamination in 

FC is a lot higher when compared to whole 

produce. In order to achieve the standards of 

quality, safety and nutritious values, industries 

invest a lot on sanitation methods that best 

suppress microbial growth during processing 

and post-processing preventing contamination 

(Arts et al., 2009). Reduction of 

microorganisms and pathogens is only 

possible to accomplish by properly sanitizing 

produce during processing (Allende et al., 

2009). 

 

Contamination 

 

Food security is a huge if not the number one 

concern among consumers of both 

conventional and organic foods. The 

widespread belief that organic food is 

healthier and safer than conventional foods is 

associated with disadvantages proven by the 

use of pesticides. They also consider 

conventional cultivation methods aren´t safe 

for the environment. However, from a food 

safety point of view there are many potent 

risks of contamination within organic mainly 

microbiological contamination (Rossi et al., 

2010; Choi et al., 2012; Gil et al., 2009; 

Langsrud et al., 2003; López-Gálvez et al., 

2009; Maffei et al., 2013; Magkos et al., 2006; 

Ölmez et al., 2009; Smith-Spangler et al., 

2012).  

 

Biological production differs from 

conventional production methods in a number 

of ways and can influence the composition of 

the end product. The use of manure instead of 

chemical fertilizers, in fact, contributes to an 

increased risk of microbiological 

contamination. 

 

 Use of treated and non-treated manure is 

common in organic and conventional 
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agriculture as crop fertilizer. Therefore, 

potential risk factors appear to apply 

equallywith regards to the origin of 

contamination (Rossi et al., 2010; Choi et al., 

2012; Gil et al., 2009; Langsrud et al., 2003; 

López-gálvez et al., 2009; Maffei et al., 2013; 

Magkos et al., 2006; Ölmez et al., 2009; 

Smith-spangler et al., 2012).  

 

The main contaminants present in produce 

which have been proven to pose risks to 

human health are: synthetic agricultural 

chemicals, environmental pollutants, nitrate 

content, contaminants in food and food 

products of animal origin, natural plant toxins, 

biological pesticides, microbial pathogens and 

mycotoxins (Arts et al., 2009; Gil et al., 

2009). 

 

Microbiological contamination in both 

farming methods is mostly caused by 

Salmonella and Escherichia coli O157. In 

organically grown products, this is mainly due 

to the use of natural manure and poor water 

control. Not only can natural manure increase 

the risk of contamination it can also elevate 

levels of heavy metals present in the produce.  

 

In conventional farming, the use of pesticides 

during cultivation greatly reduces the number 

of microorganisms, the problem often lies 

after the produce reaches the market. Poor 

handling at the market can lead properly 

treated and cultivated produce to be 

contaminated by coming in to contact with 

potential food pathogens from other foods or 

the environment (Maffei et al., 2013; Ramos 

et al., 2013). 

 

Contamination can occur any time during 

cultivation, harvest, post-harvest handling, 

processing, transportation, distribution, 

marketing, even at home. No food is 100% 

free of the risk of microbiological 

contamination. Therefore, sanitation practices 

throughout the cultivation process, packaging 

and marketing is highly required. It is 

extremely important to draw awareness of the 

importance of sanitizing fruits and vegetables 

properly prior to consumption (Maffei et al., 

2013; Gil et al., 2009). Table 1 cites the main 

microorganisms frequently found in fruits and 

vegetables. 

 

When it comes to food contamination 

regardless of the cultivation and production 

processes FC products have been implicated in 

major outbreaks of foodborne illnesses. 

Therefore, there was an increase in research 

and studies for alternative sanitation methods 

for FC (Arts et al., 2009; Gil et al., 2009; 

Arvaniti et al., 2006). 

 

Sanitation 

 

Sanitizing food prior to consumption or during 

the processing does not eliminate 

microbiological contaminants, it only reduces 

the risk of contamination. Nonetheless, 

sanitation is standard in all food processes in 

order to achieve high levels of safety (Artés et 

al., 2009; Choi et al., 2012; López-gálvez et 

al., 2009; Ruiz-cruz et al., 2007; Tornuk et al., 

2011; Velázquez et al., 2009; Meireles et al., 

2016).  

 

In conventional production, many 

decontamination methods are used, such as 

irradiation, antimicrobials, chemical washes, 

disinfectants and others. However, these 

aforementioned methods are strictly prohibited 

in organic production. Some sterilization 

methods such as pasteurization and 

chlorinated water may be optional in organic 

production. Although given the matter of risk, 

not all organic farmers practice pasteurization 

and chlorinated wash (Choi et al., 2012; 

Goodburn et al., 2013; Ramos et al., 2013; 

Meireles et al., 2016). 
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Table.1 Main contaminants found in produce 

 

Produce Microorganism Reference 

Fresh-cut cilantro Salmonella, Escherichia coli 

O157:H7 and Listeria 

monocytogenes. 

(Allende et al., 2009) 

Shredded lettuce, Chinese 

cabbage, apple, strawberry 

and cantaloupe 

L. monocytogenes (Artés et al., 2009) 

Lettuce Enterobacter sakazakii, 

aerobic bacteria, Shigella 

sonnei coliform bacteria, 

molds, and yeasts 

(Artés et al., 2009) 

Carrots and apples E. coli O157:H7 and S. 

typhimurium 

(Tornuk et al., 2011) 

Spinach and Lettuce Listeria monocytogenes, 

Salmonella typhimurium, and 

Escherichia coli O157:H7 

(Choi et al., 2012) 

Organic and conventional 

vegetables: lettuces (Lactuca 

sativa L.), chicory, catalogna 

(Cichorium intybus L.), 

collard greens (Brassica 

oleracea L.), arugula (Eruca 

sativa L.) 

Mesophilic aerobic bacteria, 

yeasts and molds, total 

coliforms and E. coli 

 

(Maffei et al., 2013) 

Lettuce Listeriamonocytogenes, 

Escherichia coli O157:H7 

(Ölmez et al., 2009) 

Parsley Yersiniaenterocolitica, 

Shigellasonnei 

(Ölmez et al., 2009) 

Tomatoes Salmonella entérica (Ölmez et al., 2009) 

Apples Salmonella and E. coli 

O157:H7 counts 

(Ölmez et al., 2009) 

Carrots E. coli O157:H7 and L. 

monocytogenes counts 

(ÖLMEZ et al., 2009) 

Potatoes E. coli, mesophilic and 

psychrotrophic bacteria 

(Beltran et al., 2005) 

Grapes aerobic mesophilic bacterial, 

yeast and mold 

(Fan et al., 2008) 

Bagged baby spinach and 

Bagged shredded lettuce 

Escherichia coli O157:H7 (Sharma et al., 2009) 
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Fig.1 Comparison between organic and conventional foods 

 

 
Adapted from SMITH-SPANGLER et al., 2012, FORMAN, SILVERSTEIN, 2012. 

 

Fig.2 Fresh cut processing stages 

 

 
For food sanitation some substances are allowed, but it is always necessary to make an 
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evaluation of what is indicated for the type of 

cleaning to be sanitized. 

 

Organic acids 

 

Organic acids are known to act as a 

bactericide against food-borne pathogenic 

bacteria. They are also used as alternative 

sanitizers to chlorine as they have GRAS 

(Generally Recognized as Safe) status.  

 

The main organic acids used widely are citric, 

lactic and acetic acid. It´s antimicrobial 

activity is related to the environmental pH 

(Ölmez et al., 2009; Velázquez et al., 2009; 

Goodburn et al., 2013; Meireles et al., 2016).  

 

Their mode of action is based on the 

acidification of the cytoplasm, disruption of 

proton motive force, osmotic stress and 

inhibition of macromolecule synthesis. 

Furthermore, they have a quick mode of 

action against an extensive range of bacteria 

grown under varying temperatures (Carpenter, 

2009; Sagong et al., 2011). There are other 

organic acids that can be used in the food 

industry for fresh-cut to control microbial 

growth such as peracetic acid, propionic acid, 

malic acid (Da Silva et al., 2015; Meireles et 

al., 2016). 

 

Downsides to its use are adverse effects on 

sensory quality such as the undesirable sour 

taste, discoloration and vinegar odor produced 

by this method. It also requires longer 

exposure time than other methods. The most 

crucial downside for the industry is the 

negative impact that organic acids have on 

wastewater quality. However, the organic 

acids were easy to use.no toxicity and allowed 

for organic products (Goodburn et al., 2013; 

Da Silva et al., 2015; Meireles et al., 2016). 
 

Chlorine 

 

Currently there are many methods of 

disinfection for both conventional and organic 

fresh-cut foods, which are feasible and are 

recommended by the United Nations Food 

and Agriculture Organization (FAO). The 

most common and practical substance used is 

chlorine. However, there are many concerns 

about the health benefits when considering 

the risks of this and other sanitization 

methods. Thus, further studies and research 

must be conducted to focus on finding 

alternative sanitation methods or improving 

existing ones (Maffei et al., 2013; Goodburn 

et al., 2013; Da Silva et al., 2015; Meireles et 

al., 2016).  

 

For years, chlorinated water was considered 

the most common and efficient sanitation 

method worldwide. NaClO is a powerful 

oxidant, used extensively by the food industry 

worldwide to disinfect both products and 

processing equipment. The overall 

effectiveness, low cost gives it the versatility 

to be applied in small and large-scale 

operations. Its functionality is dependent on 

many factors such as: pH, temperature, 

concentration, organic matter present in the 

wash water, exposure time, and the initial 

microbial load (Ölmez et al., 2009; Maffei et 

al., 2013; Goodburn et al., 2013; Da Silva et 

al., 2015; Meireles et al., 2016). There is a 

huge drawback concerning the use of NaClO. 

It has proven to be harmful to human health. 

After many years of investigations and testing 

(laboratory and field), scientists and 

researchers have finally gathered, sufficient 

evidence that long-term use of chlorinated 

water as a sanitizer can have a negative 

impact on human life. Its byproducts have 

carcinogenic as well as mutagenic effects and 

may present toxicity risks (Ölmez et al., 2009; 

Velázquez et al., 2009; Maffei et al., 2013; 

Goodburn et al., 2013; Meireles et al., 2016).  

 

Another advantage for of using chlorine is 

because it is easily accessible. In reference to 

the disadvantages and limitations associated 

with usage they are not allowed for organic 
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products. Efficacy is affected by the presence 

of organic matter corrosive, activity pH 

dependent and reacts with organic matter 

(ÖLMEZ et al., 2009, VELÁZQUEZ et al., 

2009, MAFFEI et al., 2013). 

 

Ozone 

 

Ozone is a great alternative to chlorine in 

many aspects. It has higher antimicrobial 

activity and is also approved in many 

countries where chlorine has been banned. It 

has gained GRAS (generally recognized as 

safe) widespread approval. For many years 

ozone treatment has shown to be effective 

against different kinds of bacteria, molds and 

yeast even at low concentrations and for short 

exposure times. Residue problems don´t apply 

to ozone enabling the reuse and recycling 

process of water. It is not very easy to 

stabilize and it depends on many factors. 

Furthermore, it (ozone treatment) poses a 

drawback for the research community being 

that effective results are difficult to reproduce 

(Gil et al., 2009; Ölmez et al., 2009; 

Velázquez et al., 2009; Maffei et al., 2013). 

 

Ozone is known to be a strong oxidative 

agent, which may harm the produce at certain 

concentrations. Studies have not demonstrated 

that ozone has much impact on the nutritional 

and sensory content of fruits and vegetables. 

One of the greater challenges for the industry 

regarding the use of ozone treatment is that 

high concentrations may cause potential 

corrosion of stainless steel. Another drawback 

of its use is it´s high cost and not being 

allowed for use on organic products (Artés et 

al., 2009; Gil et al., 2009; Ölmez et al., 2009; 

Velázquez et al., 2009; Maffei et al., 2013). 

 

Peroxyacetic acid (PA) 

 

Peroxyacetic acid (PA), a mixture of acetic 

acid and hydrogen peroxide is gaining in 

popularity as an effective alternative to 

chlorine. As far as antimicrobial activity is 

concerned, it is effective against most 

pathogenic microorganisms even at low 

concentrations. The advantages of using 

peroxyacetic acid are: 1) efficacy is not 

affected by the organic load of water, 2) 

efficacy unaffected by temperature changes 

and not corrosive at permitted levels (<80 

ppm). However, the disadvantages are low for 

antimicrobial efficacy at permitted levels for 

vegetables and not allowed for organic 

products (Tornuk et al., 2011; Artés et al., 

2009; Gil et al., 2009; Ölmez et al., 2009; 

Velázquez et al., 2009; Maffei et al., 2013). 

 

Healthier eating habits are essential for 

reducing the incidence of certain diseases and 

living a better life. With the growing 

consumption of Fresh Cut (FC) fruits and 

vegetables, the population needs to be aware 

that FC is not a low risk alternative and may 

contain high levels of microbiological 

contamination. Proof that Chlorine, the main 

sanitizer used worldwide, may be harmful to 

human health represents a major drawback for 

the food industry and consumers. Researchers 

continue to discover and develop new 

sanitation methods do reduce the microbial 

loads of FC and help to provide safer FC 

produce. 
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