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Abstract 
 
Food security is threatened by numerous pathogens that cause a variety of foodborne illnesses. The promotion of 
healthier lifestyles increases the consumption of fresh products such as tropical fruits. Their consumption can expose 
the consumer to a higher risk of diseases since the fruits do not undergo processing steps to ensure the effective 
elimination or inactivation of pathogenic microorganisms. Therefore, postharvest treatments are essential for the 
preservation of the fruit, by reducing the microbial load and lengthening the perch life. Unlike traditional means of 
postharvest protection, biopreservation of fruits offers the benefits of the natural ecosystems of the microbiome in fruits. 
The principle of biopreservation is the use of beneficial microorganisms, with the ability to control the growth of other 
microorganisms, through the production of metabolites known as bacteriocins, postbiotics, metabiotics, paraprobiotics, 
proteobiotics. These active molecules produced by probiotic bacteria may constitute a safe alternative capable to 
protect the fruits from deterioration or postharvest damage. The present review described the sources of contamination 
and deterioration of tropical fruits along with the use of bioactive compounds such as postbiotics as an alternative for 
fruit protection.  
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INTRODUCTION  
 
Globally, there is a growing concern about the 
quality and safety of food products. Food 
security is threatened by numerous pathogens 
that cause a variety of foodborne illnesses 
(Balali et al., 2020). The promotion of healthier 
lifestyles increases the consumption of fresh 
products such as tropical fruits and their 
derivate products (Mostafidi et al., 2020; 
Mathur et al., 2014). Tropical fruits present 
different extrinsic and intrinsic characteristics 
(pH, water activity, and nutrients), thus the 
risks associated with pathogen growth are 
common. Their consumption results in high-
risk diseases since the fruits do not undergo 
processing steps to ensure the effective 
elimination or inactivation of pathogenic 
microorganisms before consumption (Balali et 
al., 2020; Berger et al., 2010). Case reports of 
fruit and vegetable-related disease outbreaks 
have increased substantially and information on 
these events is often not available (Aiyedun et 
al., 2020). However, more than 600 million 
cases of foodborne illness and 420,000 deaths 

per year were reported due to the consumption 
of contaminated foods (Moradi et al., 2020). Of 
particular importance for Latin America is that 
foodborne illness is common in areas with low 
per capita income families (Moradi et al., 
2020). For example, in Ecuador, the number of 
illnesses caused by food has increased by 
19,500 cases compared to previous years due to 
poor handling, cooking, conservation, and 
hygiene, facilitating the transmission of 
bacteria (MSP, 2020). The commercialization 
of food products in local markets generates one 
of the main sources of contamination since 
inappropriate storage and personal hygiene 
constitute a source of transmission of 
pathogenic bacteria (Salazar-Llorente et al., 
2021). No effective improvement in the 
handling of fruits or vegetables after the post-
harvest or the hygienic control of the personnel 
although the growth of the food sector or the 
implementation of good manufacturing 
practices (Zurita et al., 2020). The number of 
ambulant vendors increases however eight 
vendors for every 1,000 inhabitants were 
registered lately in Ecuador (Tenea and 
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Olmedo, 2021). The bad handling and the 
absence of sanitary control increase the 
probability of contamination of the fruit. After 
the harvesting process, the fruits begin a loss of 
their sensory and nutritional properties. As the 
fruits usually contain high water content and 
are conducive to microbial growth, they are 
prone to deterioration (Linares-Morales et al., 
2018). 
In this sense, the food industry has used 
common conservation alternatives that 
involve refrigeration, acidification, 
bioluminescence techniques, methods based on 
physicochemical techniques (films of selective 
dehydrated culture media), among others (Lal 
Basediya et al., 2013). However, some 
processes use chemicals that present a degree 
of toxicity and residues in the products, 
generating an additional problem for the 
consumer (Buck et al., 2003). Thus, bio 
conservation is a new biological alternative 
that provides natural protection to the product. 
Therefore, postharvest treatments are essential 
for the preservation of the fruit, by reducing the 
microbial load and lengthening the perch life 
(Lal Basediya et al., 2013). Unlike traditional 
means of postharvest protection, bio 
preservation of fruits offers the benefits of the 
natural ecosystems of the microbiome in fruits. 
The principle of bio preservation is based on 
the use of beneficial microorganisms, secreting 
substances that can inhibit other 
microorganisms (Linares-Morales et al., 2018). 
During the last two decades, several natural 
antimicrobial agents (peptides, proteins, and 
other metabolites) have been developed to 
prevent the growth of pathogens in food and 
therefore increase consumer food safety (Huan 
et al., 2020).  
Antimicrobial peptides (AMP), known as host 
protection system peptides, are produced by 
almost all organisms, including bacteria, plants, 
vertebrates, and invertebrates (Bahar and Ren, 
2013). In bacteria, AMP’s benefit individual 
species by excluding other bacterial species 
that can compete for nutrients in the same 
environmental niche (Liu et al., 2020; Wang et 
al., 2015). The Antimicrobial Peptide Database 
(APD) contains 3,217 registered peptides from 
six kingdoms (357 bacteriocins/peptide 
antibiotics from bacteria, 5 from archaea, 8 
from protists, 20 from fungi, 360 from plants 

and 2385 from animals, including some 
synthetic peptides) 
(https://wangapd3.com/main.php); while the 
Data Repository of Antimicrobial Peptides 
(DRAMP) contains 19,899 documents (Kang et 
al., 2019) (http://dramp.cpu-bioinfor.org/).  
Those probiotic bacteria or lactic acid bacteria 
are recognized with increasing evidence as of 
significant relevance to promoting health in a 
variety of food systems (Tenea et al., 2020); 
above all, due to their biological safety 
characteristics, functional properties, and 
technological applications. Lactic acid bacteria 
(LAB) produce active substances. These 
substances are peptides or proteins with 
antimicrobial action, produced by Gram-
positive bacteria and other organisms, which 
have a wide spectrum of antagonistic effects 
against Gram-positive and -negative pathogens. 
By maintaining the natural balance of the 
microbial ecosystem in fruits, bioprotective 
microorganisms ensure food safety and 
maintain the nutritional and sensory properties 
of the fruits (Elsser-Gravesen and Elsser-
Gravesen, 2014). Today, these compounds and 
mechanisms are widely used around the world 
as an emerging solution to agricultural 
problems. Some species often produce 
exopolysaccharides (EPS) that enhance the 
colonization of probiotic bacteria by cell-cell 
interactions in the gastrointestinal tract (Abbasi 
et al., 2021). The use of secondary metabolites 
of bacteria for food preservation is acquiring 
interest for the food industry to replace 
synthetic preservatives. Consumers' awareness 
of the health risks associated with chemicals 
has become more apparent (Jarrín, 2019). 
These consumers demand processed foods that 
do not contain preservatives. There are many 
alternative natural preservatives produced by 
certain microorganisms; however, these 
microorganisms must be safe and easy to grow 
on cheap media (Moradi et al., 2020). 
 
TROPICAL FRUITS ADULTERATION 
 
The production of tropical fruits increases with 
the consumer’s demand for consuming fresh 
and highly nutritive products. They are found 
in a variety of forms, including whole, fresh 
cut, dried, juice mixes, frozen, pulp, and 
nectars (Moreina-Machado et al., 2019). They 
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contain abundant sugars and a high amount of 
water therefore they provide appropriate 
conditions for microbial growth and survival. 
Most postharvest tropical fruits deteriorate 
rapidly as there are no uniform food safety 
standards for their production and postharvest 
practices, thus the safety of these products 
remains a concern. Often the consumers are not 
verifying those products before consuming, 
therefore is of importance to improve the 
existing food safety management procedures 
(Kirezieva et al., 2015). In particular, the 
number of disease outbreaks related to 
agricultural products has increased in recent 
years (Mantziari et al., 2020). Sources of 
tropical fruit contamination have mainly been 
identified in the production environment, but 
there is limited data on the specific route of 
transmission from these sources (Strawn et al., 
2011). In most fruits, spoilage or contamination 
is not associated with a single pathogen, in 
particular, due to nature it is difficult to trace 
and most of the associated diseases involve the 
consumption of fresh fruits. 
 
Deterioration caused by the environment 
Tropical ecosystems are believed to be ideal 
habitats for the survival and growth of E. coli, 
due to the high concentration of environmental 
nutrients, constant hot air (high humidity), 
nutritional soil and water, and appropriate 
temperature (Alegbeleye et al., 2018). Soil 
designed for crop production is often treated 
with animal manure / human biosolids applied 
as fertilizers, serving as a nutrient source, but 
they might possess pathogenic microorganisms 
(Gutiérrez-Rodríguez and Adhikari, 2018; 
Julien-Javaux et al., 2019). The transport of 
microorganisms from contaminated soil to 
agricultural products can be mediated by 
splashing from water droplets. Both rain and 
irrigation water droplets have been shown to 
transport soil particles to the surface of plants, 
leading to pollution (Allende et al., 2017). 
Water used for irrigation of agricultural 
products, as well as for applying pesticides, 
cooling, or protecting crops against frost, can 
be obtained from municipal water supplies, 
groundwater, reclaimed rainwater, surface 
water, or reused wastewater (Jongman and 
Korsten, 2018). Besides, the type of irrigation 
used in a given crop also influences the 

potential for microbial contamination 
(Alegbeleye et al., 2018).  
 
Deterioration caused by post-harvest 
handling 
Fresh fruits and vegetables can carry large and 
diverse populations of bacteria. This bacterial 
community is very diverse and varies with the 
product’s chemical composition.  Most 
research focused on pathogens identification 
but there is a lack of information about the 
potential effect of these microorganisms on 
human health. However, the pathogenic 
microorganisms adapt, survive, and develop in 
the fruit matrices for larger periods, and they 
can cause diseases. Therefore, is crucial to 
maintain their quality after postharvest. If many 
practices are presently used to control the 
development of diseases during the plant 
growth, after postharvest from the farm to 
perch the classical methods used, such as the 
washing before packing but the effectiveness 
depends on the fruit surface and the washing 
conditions (Bassett and McClure, 2008). For 
example, the hot water treatments can 
negatively affect the quality of tropical fruits, 
unless care is taken to ensure that the time and 
temperature combinations used are appropriate 
(Strawn et al., 2011). 
 
Hygiene of vendors 
The safety of the raw tropical fruits can be 
compromised in different manipulation steps 
and often is associated with the poor hygiene of 
the personal or farmers from their harvest to 
consumer. Thus, the postharvest steps of the 
farm to perch chain are of particular concern. 
Inappropriate manipulation of products results 
in the transfer of pathogenic microorganisms 
from worker’s hands to the product.  Early 
research demonstrated the survival of E. coli 
O157 and Salmonella cells on the nitrile and 
latex gloves after the transfer of contaminated 
products (Erickson et al., 2018), which may 
increase the probability of further 
contamination. Recently, the presence of 
several pathogens (E. coli, Shigella and 
Salmonella) in the peel of fruits expanded in 
the local market in Ecuador was demonstrated 
(Tenea et al., 2020; Tenea and Olmedo, 2021). 
Therefore, the importance of human hygiene 
during production, processing, and selling is 
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critical to eliminate microbiological safety risks 
inherent in the raw materials. Further down the 
processing chain, when receiving food products 
from foodservice operators or private consu-
mers, refrigeration conditions should be used to 
prevent microbial contamination or minimize 
microbial growth in the products. 
Given the nature of these foods as potential 
vehicles for microbial contamination, food 
producers and processors play an essential role 
in decreasing contamination events and/or 
implementing strategies to mitigate this 
problem throughout the chain from farm to 
fork.  Preventive practices and intervention 
strategies must be applied to control microbial 
contamination in the different stages of 
production. 
To understand the importance of implementing 
such strategies, growers and processors must be 
provided with relevant data on outbreaks of 
microbial diseases related to fruits, covering 
important aspects about the causes of 
pathogenesis, transmission vehicles, associated 
economic loss, and consumer illnesses. 
Recently, antimicrobial-containing edible films 
and coatings are developed to improve food 
safety by inhibiting food pathogens during 
handling, transportation, and storage of food 
products (Rojas-Grau et al., 2009).  
 
BIOPROTECTIVE POSTBIOTICS   
 
The use of secondary metabolites of bacteria 
for food preservation is gaining more and more 
interest in the food industry to replace synthetic 
preservatives. Consumers' awareness of the 
health risks associated with chemicals has 
increased recently, and they are demanding 
processed foods that do not contain presser-
vatives. There are many alternative natural 
preservatives produced by certain microorga-
nisms, however, these microorganisms must be 
non-toxic, easy to grow, and require simple 
media for cultivation. The metabolites 
produced by bacteria are called postbiotics, 
metabiotics, protectobiotics, parabiotics 
(Aguilar-Toala et al., 2018; Lee et al., 2018). 
Thus, postbiotics include metabolic bioproducts 
of live probiotic bacteria such as cell-free 
supernatant (CFS), short-chain fatty acids, 
secreted bacteriocins, neurotransmitters, 
secreted biosurfactants, amino acids peptides, 

proteins, cellular fractions, exopolysaccharides, 
flavonoids derived postbiotics, terpenoids 
derived postbiotics, phenolic-derived 
postbiotics, cell wall fragments, lipoteichoic 
acid, peptidoglycan-derived muropeptides, and 
pili-type structures (Shingal et al., 2018; Wang 
et al., 2019). Among bacteria, probiotic 
bacteria or lactic acid bacteria have been 
increasingly proposed as health-promoting 
bacteria in a variety of food systems, due to 
their safety, functional and technological 
characteristics. In general, species from the 
genus Lactobacillus, Bifidobacterium, 
Weissella, Lactococcus are producing 
antimicrobial substances. However, postbiotics 
have been defined as bioactive ingredients from 
food-grade microorganisms that are generated 
in a matrix during fermentation (Collado et al., 
2019). Postbiotics derive from the fermented 
culture medium that is being filtered after the 
growth of the microorganism resulting in a 
liquid CFS containing a combination of 
bioactive molecules (Zolkiewicz et al., 2020), 
or via the inactivation of probiotics using heat, 
filtration, sonication, centrifugation, resulting a 
bacterial lysate comprising several compounds 
such as DNA molecules, enzymes, and other 
intracellular metabolites (Mantziari et al., 
2020). Figure 1 showed the production of 
postbiotics from probiotics producer cells.  
 

 
Figure 1. Postbiotics producing mechanism (modified 

from Cuevas-González et al., 2020) 
 
The mode of action of postbiotics relies on 
definite dosage levels, but most studies have 
failed to fix a specific dose to ensure their 
beneficial effects.  
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Recent literature survey underscores that 
postbiotics exert several pharmacodynamic 
features over live bacteria such as no risk of 
bacterial translocation from the gut lumen to 
blood, no chances of acquisition and transfer of 
antibiotic resistance genes, easy to extract, 
standardize, transport, and store (Nataraj et al., 
2020).  
 
Probiotic cell-free supernatants 
Probiotic cell-free supernatants (CFS) are 
obtained from bacterial cell cultures after 
optimal growth in a specific media, centrifu-
gation, and cell removal. The resulting mixture 
containing different active metabolites (acids, 
peptides, bacteriocins, etc.) is filtered and 
stored with refrigeration (Tenea, 2019). 
Bacteriocins are ribosomally synthesized 
peptides with the ability to kill closely related 
(narrow spectrum), or a diverse range of 
(broad-spectrum), microorganisms, being 
active at nanomolar concentrations, and exert 
their killing effect predominantly through 
membrane permeabilization (Connor et al., 
2020). They are produced by GRAS (generally 
regarded as safe) or QPS (qualitative 
presumption of safety) microorganisms. These 
CFS have different antimicrobial inhibitory 
activities against pathogenic bacteria. CFS 
from different species of Lactobacillus, 
Lactococcus, and Bifidobacteria were found to 
inhibit Listeria monocytogenes, Clostridium 
perfringens, Salmonella enterica, and E. coli 
(Patel and Denning, 2013; Garzon et al., 2017; 
Cuevas-González et al., 2020; Zolkievitz, et al., 
2020). The efficacy of these extracts is strain-
related, doses applied, the form of application, 
mode of action, the type of target (Tenea and 
Delgado-Pozo, 2019; Tenea et al., 2020). Thus, 
we showed that the efficacy of CFS extracted 
from native L. plantarum protected the tomato 
fruits from deterioration (Tenea and Delgado-
Pozo, 2019). More recently, we demonstrated 
that a formulation based on CFS from a 
combination of two native lactic bacteria can 
inhibit a mixture of pathogenic bacteria in 
Ananas comosus and mango ready-to-eat 
wedges (Tenea and Olmedo, 2021). The results 
indicate the effectiveness of a combination of 
peptide extracts results in a simultaneous 
diminution of the target viability with more 
than 60%. On the basis of the molecular 

analysis these formulations induced ruptures of 
the protein structure of the target bacterium, 
thus contrary to the interaction of the classic 
antibiotic with the cytoplasmic membrane 
inducing its permeabilization. Thus, these 
antimicrobial formulations can be considered as 
a feasible option for the preservation of 
minimally processed food. 
 
Exopolysaccharides 
Probiotic microorganisms produce biopolymers 
called exopolysaccharides (EPSs) during their 
culture growth having different technological 
benefits for the food industry (Xu et al., 2019). 
The use of EPSs in functional foods has 
grasped the attention as they possess various 
physiological functions such as antibacterial 
and immunological activity, antioxidant 
capacity, hypoglycaemic capacity, antihyper-
tensive, cholesterol-lowing activities the ability 
to promote the colonization of probiotics in the 
intestine of the host and anticancer (Nguyen et 
al., 2020). Lactic acid bacteria such as 
Streptococcus, Lactococcus, Pediococcus, 
Lactiplantibacillus, Leuconostoc, and 
Weissellale are most widely used to produce 
EPSs (Nguyen et al., 2020). They play 
important role in cell protection against adverse 
environmental conditions such as dehydration, 
extreme temperature, acidic conditions, 
osmotic stress, phagocytosis, macrophages, and 
antibiotics (Caggianiello et al., 2016). Recently 
research indicated the antiviral bioavailability 
of EPSs, thus they contribute to the protection 
of human cells against certain viruses (Rahbar-
Saadat et al., 2017; Kim et al., 2018). The anti-
bacterial capacity of EPS from Bifidobacterium 
bifidum WBIN03 and L. plantarum R315 has 
been investigated against different pathogens 
such as E. coli, Shigella sonnei, Staphylococcus 
aureus, Listeria monocytogenes (Li et al., 
2014). The EPS from lactic bacteria for fruit 
protection was less investigated. Nonetheless, 
polysaccharide-based edible coatings were used 
to postharvest strawberry fruit during cold 
storage (4°C), and their effects on fruit quality 
and antioxidant enzyme system were 
investigated (Li et al., 2017).  
 
Enzymes produced by probiotics 
Probiotics are producing several enzymes such 
as amylase, protease, and citrate lyase which 
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along with EPSs are employed in the food 
industry being able to enhance the organoleptic 
characteristics and food stability (Konkit and 
Kim, 2016; Unban et al., 2017; Quattara et al., 
2017; Domingos-Lopes et al., 2018). On the 
other hand, the antioxidant enzymes (peroxide 
dismutase, catalase, glutathione peroxidase, and 
NADH-oxidase) produced by probiotics play 
role in combating the reactive oxygen species 
(ROS), which can damage lipids, proteins, 
carbohydrates, and nucleic acids. Currently, 
there is a lack of information about the use of 
enzymes in fruit protection.  
 
Cell-wall fragments 
Lipoteichoic acid is a component of Gram-
positive bacterial cell wall, spontaneously 
released into the environment, and was found 
to play a specific immune response (van 
Langevelde et al., 1998). The immune effect of 
these substances is controversial due to the 
discrepancy of the results. Some reports 
indicate that their topical application in 
dermatology which enhances non-specific 
defence mechanisms, leading to the release of 
anti-infectious peptides, along with human -
defensin, and cathelicidin antimicrobial 
peptides (Schauber and Fallo, 2009). Further 
applications in the food industry of these 
substances shall be addressed. 
 
FUTURE PERSPECTIVES 
 
The research on the efficacy of reducing 
microbial contamination in tropical fruit and 
derivates products is limited. Several methods 
such as pulsed electric field, pulsed light, 
irradiation, oscillating magnetic fields, 
ultrasound, high pressure, and UV treatment 
were previously employed (Strawn, 2011). 
These methods are overdue as the tropical fruits 
are sensitives to heat, therefore there is a need 
for alternative natural methods. The new 
technologies based on probiotics and their 
derivates metabolites are a major issue for 
future research. From a practical point of view, 
postbiotics are more stable and safer for a 
broad spectrum of foods (Barros et al., 2020). 
They can be produced at a larger scale and used 
in aliments such as fresh fruits and vegetables 
to protect against the growth of invading 
microorganisms. Thus, the covering of tropical 

fruits with these peptide-based formulations 
might be a solution for fruit protection as the 
risks associated with their intake are 
minimized. Nonetheless, the current research is 
conducted at the level of the laboratory. Thus, 
further research should be focused on a 
commercial scale to extend shelf-life as well 
the impact on the biochemical properties of the 
products after the treatment/coated with the 
postbiotics. Besides, more studies are required 
to understand the interaction between the active 
ingredients with the fruit peel as they might 
induce changes in the sensory or functional 
properties of the products.  
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