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Postharvest management of fruits and vegetable: A 
potential for reducing poverty, hidden hunger and 
malnutrition in sub-Sahara Africa
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Abstract: Fruits and vegetable (FV) production is an emerging horticulture sub-sector 
in sub-Sahara Africa (SSA) despite the fact that, almost one-third of the produced 
FV is lost before reaching the plate. FV postharvest losses in SSA range from 30 to 
80%, depending on a crop. Lack of postharvest management skills and technology 
such as temperature control to maintain the cold chain, value addition, and 
packaging have caused several economic and food security setbacks among them 
are high levels of poverty, hidden hunger and malnutrition. Globally, applications 
of postharvest technologies for instance; use of ethylene, 1-methylcyclopropene 
(1-MCP) and temperature management has proved to reduce postharvest losses 
of FV. Also, chemical and non-chemical methods are useful for controlling spoilage 
and pathogenic microbes especially on ready to eat FV products. Postharvest 
technologies such as controlled ripening, edible coating, temperature management, 
and chemical treatment methods are potential tools to reduce FV postharvest 
losses, increase food and nutritional security and alleviate poverty in SSA. At the 
same time, sanitizing chemicals and pesticides malpractice should be avoided to 
ensure final consumer safety.
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PUBLIC INTEREST STATEMENT
Fruits and vegetable are good source of 
micronutrients in the diet. However, they start to 
deteriorate immediately after harvest due to high 
moisture and richness in nutrients which attract 
pests and spoilage microorganisms. Postharvest 
losses in sub-Sahara Africa are approximately 
over 30% mainly due to lack of postharvest 
management skills. At the same time, there is high 
rate of micronutrients deficiency, malnutrition and 
poverty in the region due to limited access and 
utilization of fruits and vegetable as the result of 
postharvest losses. Several postharvest technologies 
have been developed to improve quality, shelf 
life and reduce postharvest losses on fruits and 
vegetable. Adoption of postharvest technologies is 
an important step to reduce fruits and vegetable 
losses, thereby, contributing to poverty alleviation 
and reduced hidden hunger in sub-Saharan Africa. 
Also, sanitation procedures should be observed 
while pesticides malpractices strictly avoided to 
ensure produce quality and consumer safety.

Received: 05 November 2016
Accepted: 22 March 2017
First Published: 01 April 2017

© 2017 The Author(s). This open access article is distributed under a Creative Commons 
Attribution (CC-BY) 4.0 license.

Page 1 of 13

Armachius James

http://crossmark.crossref.org/dialog/?doi=10.1080/23311932.2017.1312052&domain=pdf&date_stamp=2017-04-01
mailto:armachiuss@gmail.com
http://creativecommons.org/licenses/by/4.0/


Page 2 of 13

James & Zikankuba, Cogent Food & Agriculture (2017), 3: 1312052
http://dx.doi.org/10.1080/23311932.2017.1312052

Subjects: Agriculture & Environmental Sciences; Agriculture; Horticulture; Agriculture and 
Food; Food Science & Technology

Keywords: fruits; vegetables; postharvest; losses; technologies; temperature; ethylene; 
1-methylcyclopropene; edible coating

1. Introduction
Postharvest losses refer to measurable quantity and quality loss of food crops at harvest, storage, 
transportation, processing, marketing and preparation before consumption (Buzby, Farah-Wells, & 
Hyman, 2014; Kiaya, 2014). It occur throughout the value chain, as a result of technical and mana-
gerial setbacks during harvest, handling, transportation, processing, packaging, marketing and dis-
tribution (FAO, 2016). Postharvest losses impact on environment and climate following unnecessary 
emissions of greenhouse gases produced during production, processing and transportation of fruits 
and vegetable (FV) which ultimately end into loss (FAO, 2016; Gustavsson, Cederberg, Sonesson, Van 
Otterdijk, & Meybeck, 2011; Kummu et al., 2012).

Production of FV in SSA as of 2014, is approximately at 34.22 and 31.95 million tons, respectively 
(FAOSTAT, 2017). At the same time, postharvest losses of FV in SSA range from 30 to 80% depending 
on nature of the crop, while globally postharvest losses is estimated at 30% (Ghosh, Fawcett, 
Sharma, & Poinern, 2016; Gustavsson et al., 2011; Kitinoja, Saran, Roy, & Kader, 2011; Niewiara, 
2016; Singh, Hedayetullah, Zaman, & Meher, 2014).

However, one of the sustainable development agenda is to reduce postharvest losses to 12.3% by 
2030 (Niewiara, 2016). Kitinoja et al. (2011) reported senescence, water loss, physical damage, 
rough handling, poor packages, poor temperature management, and lack of education as main 
causes of FV postharvest losses in SSA. Also, poor market infrastructure such as open and disorgan-
ized market outlets without storage facilities which are common in SSA contributes to enormous 
losses (Affognon, Mutungi, Sanginga, & Borgemeister, 2015; Wakholi, Cho, Mo, & Kim, 2015).

Agriculture intensification projects aim to improve income and nutrition status of households, 
however, increase in production without corresponding increase in postharvest management skills, 
storage facilities, and processing may heighten postharvest losses (Kummu et al., 2012). On the 
other hand, investment efforts made to save food after harvest usually cost less and are less harm-
ful to the environment (El-Ramady, Domokos-Szabolcsy, Abdalla, Taha, & Fári, 2015). A minimum 
postharvest losses reduction can potentially reduce production cost (Ghosh et al., 2016; Niewiara, 
2016). Application of postharvest technology on horticultural crops is an important effort for improv-
ing food and nutrition security and raised income in SSA countries (Affognon et al., 2015; Kiaya, 
2014).

Empowering smallholder farmers and other stakeholders to process and store farm outputs/crops 
is a precondition for reducing poverty, hunger and malnutrition among youth, elders, women, men 
and children in SSA countries (Munesue, Masui, & Fushima, 2015). Therefore, this review puts to-
gether useful FV postharvest technologies which, if applied in SSA region may not only maintain 
fresh quality, nutritional value and food safety, but also will lead to increased income through in-
creased shelf life, and reduced postharvest losses.

2. Fruits and vegetable nutritive values
FV are highly valued in human diet mainly for their minerals and vitamins content (Ara, Jahan, 
Abdullah, Fakhruddin, & Saha, 2015; Grubben et al., 2014). They are good sources of vitamin C, folate, 
β-carotene (pro-vitamin A), potassium, iron, zinc and calcium (Shetty, Magadum, & Managanvi, 
2015; van Jaarsveld et al., 2014). Also, they are substantially high in antioxidants, bio-active com-
pounds and fibers (Khandpur & Gogate, 2015; Wadhwa, Bakshi, & Makkar, 2015). Examples of anti-
oxidants found in FV are carotenoids (β-carotene, lycopene), ascorbic acid, phenolic, polyphenols 
(terpenoids and flavonoids) and anthocyanins (Kongkachuichai, Charoensiri, Yakoh, Kringkasemsee, 
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& Insung, 2015). FV provides anti-cancer, anti-oxidative, anti-microbial and immune modulating ef-
fects apart from nutritional benefits to human health (Reynolds, Buckley, Weinstein, & Boland, 
2014). Consequently, consumption of FV reduces incidence of cardiovascular diseases, cancer, and 
type-two diabetes in human (Cooper et al., 2015; Siegel, Ali, Srinivasiah, Nugent, & Narayan, 2014). 
On that regard, Food and Agriculture Organization (FAO) and the World Health Organization (WHO) 
of the United Nations (UN) have set average FV intake at 400 g/day per person (Rekhy & McConchie, 
2014; Reynolds et al., 2014). Also, due to their bound antioxidants, pectin and carotenoids; FV are 
used as functional ingredients, bio-pigments and colorants in processed foods (Ahmadiani, Robbins, 
Collins, & Giusti, 2014; Makris & Boskou, 2014; Wrolstad & Culver, 2012).

3. FV quality and safety aspects
Quality is the combination of characteristics and properties that gives the commodity value for food 
and fulfills consumer’s requirements (Barrett, Beaulieu, & Shewfelt, 2010). Quality focuses on the 
nutritional value, safety, sensory (color, taste), physical appearance (size, shape, absence of defects) 
and shelf life of FV (Barrett et al., 2010; Francis et al., 2012). FV quality are determined by pre-post-
harvest production factors such as; location, climate, soil type, water quality, plant nutrition, use of 
pesticides and plant growth regulators; Postharvest handling; storage and processing (El-Ramady et al., 
2015; Rehman, Alam, Malik, Ali, & Sarfraz, 2015). To producers quality is considered as high yield, 
resistance to diseases, ease to harvest, good appearance and few defects as well as good shipping 
quality, while marketers and distributors consider quality as good appearance, firmness and shelf 
life (Rouphael, Schwarz, Krumbein, & Colla, 2010; Zhang et al., 2014). On the other hand, consumers 
consider quality as good appearance, firmness, size, good flavor, convenience, nutritive value and 
good edible quality that defines their buying behavior (Nicolaï et al., 2014; Zhang et al., 2014).

Increased consumer awareness on food safety has led to public health concern on freshly con-
sumed food like FV, related to food-borne illness, safe use of pesticides and ripening chemicals 
(Hassani et al., 2012; Martínez-Vaz, Fink, Diez-Gonzalez, & Sadowsky, 2014; Siroli, Patrignani, 
Serrazanetti, Gardini, & Lanciotti, 2015; Unnevehr, 2015). FV are colonized by a range of spoilage and 
pathogenic microorganisms (Olaimat & Holley, 2012). They get contaminated by dust, soil, and wa-
ter during harvesting, handling, processing, distribution and preparation (Gil et al., 2015). 
Consumption of contaminated FV and their products has been linked to disease outbreaks caused by 
pathogens such as, Bacillus species, Salmonella species, klebsiella species, Escherichia coli and Listeria 
monocytogens (Caponigro et al., 2010; Eni, Oluwawemitan, & Solomon, 2010; Martínez-Vaz et al., 
2014).

Safe use of pesticides and ripening chemical, detection and assessment of food adulteration are 
among important areas of food safety (Martínez-Vaz et al., 2014; Siroli et al., 2015). Washing and 
sanitizing steps before or during processing reduces the risk of chemical residues, pathogens and 
other contaminants on FV (São José et al., 2014). To ensure adherence to food safety Gil et al. (2015) 
recommended that, FV producers and all involved in the value chain should be equipped with skills 
and knowledge on food safety which includes; clean handling practices, personal hygiene, process 
hygiene and control of cross-contamination. For that reason, the differences between developed 
and developing countries in production, handling, processing, storage and distribution should not be 
an excuse to compromise FV quality and safety standards (Gil et al., 2015; Unnevehr & Ronchi, 2014).

3.1. Influence of pesticides application on FV safety
Pesticides include insecticides, herbicides, nematicides, acaricides and fungicides used to control 
insects, weeds, nematodes, mites and fungus, respectively (Zhang, Jiang, & Ou, 2011). They are in-
tended to protect plant health, influence life process of plants, destroy undesirable plants, and mini-
mize deterioration during storage and transportation (Zacharia, 2011). Pesticides are intended to 
control pest and diseases that could cause losses of the crop, however, their misuse can lead to 
adverse effect to human health and environment (Damalas & Eleftherohorinos, 2011). High applica-
tion rates, wrong timing, and unfavorable environment are among other factors reported to associ-
ate with; toxic effect to plants and non-target organisms, water contamination and air pollution 
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(Damalas & Eleftherohorinos, 2011). de Bon et al. (2014) reported that, pesticides misuse is due to 
lack of skills and knowledge on application practices, disposal, dosage and the knowledge about 
pests and diseases. Although pesticides application level on food crops are reported to be low in 
Africa, the level of application on FV is exceptionally high (de Bon et al., 2014). Subsistence FV farm-
ers in SSA have been reported to rely more on pesticides use than on other pest control methods 
(Karungi, Kyamanywa, Adipala, & Erbaugh, 2011). Studies in Tanzania, Kenya, Uganda, Ethiopia, 
Cameroon, Benin and Ghana reported pesticides malpractice, whereby; tomatoes are mostly sprayed 
with pesticides (de Bon et al., 2014; Karungi et al., 2011; Tilahun & Hussen, 2014). Safety implications 
on use of pesticides include vomiting, headache, skin irritation, respiratory diseases, poisoning and 
cancer to human (McCormack & Schüz, 2012). Acute poisoning remains a severe problem for human 
health in SSA (de Bon et al., 2014). Therefore, pesticides application threatens FV safety in SSA.

3.2. Influence of non-chemical alternatives to control pest on FV safety
Non-chemical pesticides are bio-pesticides or biochemical that occur naturally and control pests by 
non-toxic mechanisms (Dutta, 2015; Villaverde, Sevilla-Morán, Sandín-España, López-Goti, & Alonso-
Prados, 2014). Bio-pesticides can be living organisms or their products or by products used to control 
plant pests (Czaja et al., 2015). These include bio-fungicides (Trichoderma), bio-herbicides 
(Phytopthora) and bio-insecticides (Bacillus thuringiensis-Bt) (Czaja et al., 2015). Bio-pesticides are 
excellent alternative to chemical pesticides, as they are specific to pest, low non-target organism 
toxicity, decompose quickly, less harmful and pose less effect to the environment (Seiber, Coats, 
Duke, & Gross, 2014). Plant extracts and oil from neem (Azadiractha indica), tobacco (Calotropis pro-
cera), garlic (Allium sativum), and dried chilies are used to control and repel some insect pests in 
Asian and African countries (Eze & Echezona, 2012; Khater, 2012).

Problems associated with use of chemical pesticides like environmental pollution, reduction of 
beneficial species not targeted, persistent toxicity in the food chain and health related problems to 
humans like cancer makes non-chemical pesticides preferable (Dutta, 2015; Sarwar, 2015). Sex 
pheromone traps are gaining popularity to control insect damage for both FV, for example, in mango 
and tomatoes, pheromones combination with traps are used to control fruit flies and Tuta absoluta, 
respectively (Bachmann et al., 2015; Cocco, Deliperi, Lentini, Mannu, & Delrio, 2015; Retta & Berhe, 
2015). Due to their specificity and low risks, bio-pesticides are essential tool to control postharvest 
losses of FV.

4. Technologies and practices to reduce postharvest losses
FV are metabolically active, undergoing ripening and senescence changes, which has to be con-
trolled in order to preserve quality and prolong shelf life (Mahajan, Caleb, Singh, Watkins, & Geyer, 
2014). Application of postharvest technologies has proven quantifiable postharvest losses reduction 
in different part of the world and could be a strategic pathway to reduce poverty, hidden hunger and 
malnutrition in SSA (Affognon et al., 2015). They also, have enhanced horticultural industries to 
meet local and international demand of FV for nutrition and food security. The choice of technology 
depends on crop type, climatic conditions, affordability and ease of use (Kitinoja, 2013a; Kitinoja & 
Barrett, 2015). At the same time, proper postharvest handling practices should be adhered to pre-
vent damages and bruises on FV (Kitinoja, 2013a). Postharvest technologies intend to slowdown 
ripening and senescence changes, thereby minimize crop spoilage and microbial growth. Some of 
the postharvest technologies involve use of chemical and physical methods which are efficient in 
reducing microbial contamination (Tripathi, Sharma, Sharma, & Alam, 2013). Physical methods in-
clude Modified Atmosphere Packaging (MAP), nano-composite package, active and intelligent pack-
aging (Mahajan et al., 2014). Other emerging technologies are cold plasma, irradiation, ultra-sound 
and combined methods (Ramos, Miller, Brandão, Teixeira, & Silva, 2013).

4.1. Temperature management
Temperature is an important factor that influences the postharvest life of FV (Rudell et al., 2011). It 
determines FV postharvest quality and has direct influence on growth of spoilage microorganisms 
(Alegria et al., 2010). Therefore, pre-cooling is an important step for fresh produce pre-treatment 
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(Yu, Yang, & Tsai, 2013). For effective temperature management removal of field heat is achieved by 
several methods such as, hydro cooling, ice toping, evaporative cooling, forced air cooling and vac-
uum cooling that precede further processing (Kitinoja, 2013b).

On the other hand, low temperatures result into chilling injury and loss of cellular structure caused 
by collapsing of FV tissues (Aghdam, Sevillano, Flores, & Bodbodak, 2013). Chilling injury affects 
mainly tropical and subtropical FV due to their sensitivity to temperatures below 12°C (Aghdam et al., 
2013). Some of the deleterious effects associated with low temperatures on FV, are failure to ripen, 
pitting, surface and internal discoloration, off flavors and microbial growth (Kader, 2013). However, 
high temperatures are implicated with heat injury and consequences on water soluble micronutrient 
losses such as, vitamin C and B group vitamins (Sajid, Rab, Jan, Haq, & Zamin, 2013). For instance, 
high temperatures due to sunlight can cause localized bleaching, sunburn and sunscald (Kader, 
2013).

4.1.1. Heat treatment
Heat treatment include blanching, hot water dip, saturated water vapor, hot dry air and hot water 
rinse with brushing (Lurie & Pedreschi, 2014). Heat treatments can be of short (up to 1 h) or long (up 
to 4 days) duration at 37–55°C or less than a minute in hot water of up to a temperature of 63°C and 
is referred as heat conditioning method (Lurie & Pedreschi, 2014; Mahajan et al., 2014). Blanching is 
the pretreatment method before FV are subjected to further processing and storage (Xin, Zhang, Xu, 
Adhikari, & Sun, 2015). Blanching is used to inactivate deteriorating enzymes; maintain freshness 
color; stabilize texture and nutrients; and achieve sterilization by killing microorganisms (Xin et al., 
2015). Usually, blanching involves dipping of fruits or vegetables in boiling or near to boiling water 
for 1–3 min, depending on their size, shape and quantity (James & Matemu, 2016; Vaclavik & 
Christian, 2014).

Postharvest benefits of heat treatment are linked to reduction of chilling injury, delayed ripening 
through inactivation of enzymes, controlling onset of fungal growth, killing of insects and other  
microorganisms (Lu, Charles, Vigneault, Goyette, & Raghavan, 2010; Lurie & Pedreschi, 2014). Heat 
treatment can be used; to preserve color of FV; to prevent development of off flavors; to firm or 
harden tomatoes, carrots and strawberries; and to add to prolonged shelf life of plums, peaches, 
carrots and grapes (Alegria et al., 2010; Mahajan et al., 2014). Example; mango fruits treated at 50°C 
retained overall fruit eating quality and weight as compared to untreated at five days of storage in 
the study conducted in South Africa (Sivakumar, Van Deventer, Terry, Polenta, & Korsten, 2012).

4.1.2. Low temperature treatment (refrigeration and freezing)
Low temperatures treatment is one of the effective methods to preserve quality and extending post-
harvest life of FV (Aghdam et al., 2013). Low temperatures (refrigeration and freezing) storage can 
keep FV quality attributes like texture, color, nutrients, aroma and flavor over a long storage period 
(Rawson, Tiwari, Tuohy, & Brunton, 2012). Refrigeration temperatures ranges from 1–4°C, while 
freezing temperatures ranges from −18 to −35°C (Grubben et al., 2014). For tropical FV of the SSA 
countries, low temperature conditioning is recommended before subjecting them to refrigeration or 
freezing temperatures (Kader, 2009, 2013; Kitinoja, 2013b). Low temperature conditioning is an al-
ternative approach to prevent chilling injury in stored FV. The approach use intermediate tempera-
tures prior to low temperatures storage to eliminate possibility of low temperature stress which 
trigger chilling injury (Aghdam et al., 2013). Therefore, it is recommended to manage FV tempera-
tures and maintain the cold chain throughout the distribution and market operations to keep their 
freshness and nutritional value while prolonging shelf life (Kader, 2013; Kitinoja, 2013b).

4.2. Methods to enhance ripening
Conventional and chemical induced ripening methods are useful to accelerate ripening of FV (Islam, 
Mursalat, & Khan, 2016). Synthetic ripening chemicals are used to accelerating ripening of climac-
teric fruits like banana, mango, papaya, jackfruits and tomatoes (Mahajan et al., 2014). These chemi-
cal are also applicable to some non-climacteric fruits like pineapple to induce ripening (Paul, Pandey, 
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& Srivastava, 2012). Accelerated fruits ripening techniques are useful for commercial agriculture 
because, they lead to uniform ripening, taste, quality, early price, and market (Sugar & Basile, 2013). 
Example, ethylene gas is recommended to accelerate ripening of fruits and finds many application 
in the de-greening of citrus fruits (Conesa, Brotons, Manera, & Porras, 2014).

4.2.1. Ethylene
Ethylene (CH2=CH2) is a natural gaseous plant hormone, responsible for FV natural aging and ripen-
ing (Paul et al., 2012). It exhibits both beneficial and injurious effects on FV. Beneficial applications 
are inducing fruits ripening, improving color and aroma in tomatoes, mangoes, bananas, avocados, 
and de-greening of citrus fruits (Watkins & Nock, 2012). In a study conducted in Sudan, bananas 
treated with ethylene at fully maturity reached market color index at 2.7 days winning early market 
price compared to 13.75 days for untreated ones to reach the same color index (AbuGoukh, 2016).

Documented deleterious effects of ethylene on FV includes promotion of senescence, yellowing of 
leafy green vegetables and induced browning (Mahajan et al., 2014). Also, application of ethylene to 
immature FV, may produce negative effects such as poor color, poor taste, and undesirable flavors 
(Makky, Paschalidis, Dima, & Mangganaris, 2015).

Ethylene plays an important role by improving quality of FV, such as, uniform ripening for bananas, 
papaya, citrus and tomatoes (Paul et al., 2012; Sugar & Basile, 2013). Ethylene treatment on FV  
requires a dedicated room or chamber (Sugar & Basile, 2013). The room or on transit ripening cham-
bers should be tight as possible, to prevent leakage of gas and need a temperature control and 
ventilation for uniform results (Ho, Hofman, Joyce, & Bhandari, 2016). The concentration of  
0.1–1 μL/L ethylene for 24 h, is recommended for large scale commercial fruit ripening to hasten full 
ripening of climacteric fruits (Botondi, De Sanctis, Bartoloni, & Mencarelli, 2014). Ethylene at 0.1 ppm 
in air is reported to be a threshold level for triggering physiological activity in FV (Keller, Ducamp, 
Robert, & Keller, 2013). With newly developed ethylene testing and measuring devices, producers 
and transporters can detect critical ethylene concentrations to initiate control action (Janssen et al., 
2014; Keller et al., 2013; Soukoulis et al., 2013). Therefore, ethylene control is vital in quality man-
agement and postharvest life of FV. Example, for effective tomatoes ripening, application of ethyl-
ene should be at fully fruit maturity, that is mature green, breaker or turning pink stage (Dhall & 
Singh, 2013; Khaira, Sandhu, & Singh, 2014).

4.2.2. Other ripening chemicals
Several artificial chemicals are used for commercial FV ripening, among them are; calcium carbide, 
ethephon (Chlorephon), ethylene gas, ethylene glycol, and propylene (Dhall & Singh, 2013). Ethephon 
(2-chloroethylpshonic acid) decomposes by hydrolysis to ethylene, chlorine and phosphate at pH 5 
and above (Abeles, Morgan, & Saltveit, 2012). Similarly, calcium carbide produces acetylene gas 
when absorbs moisture (Pokhrel, 2014). Acetylene is an analogue of ethylene hormone (Asif, 2012). 
However, calcium carbide poses risk of explosion and carries toxic materials to consumer (Pokhrel, 
2014). Therefore, use of artificial ripening agents must be carefully controlled, while community 
awareness on safety precaution must be observed on application of registered ones (Hossain, 
Akhtar, & Anwar, 2015).

Most of SSA countries have not registered any chemicals for absolute use for fruit ripening purpose 
(Islam et al., 2016). Thus, relevant government bodies need to relay with research and support initia-
tives to introduce ethylene induced ripening technologies, optimize and customize to the local con-
ditions and extend use by the relevant stakeholders. This will help to prevent consumer exposure to 
hazardous chemicals and enjoy the real taste and flavor of FV.

4.3. Methods to delay ripening
Physical treatment; irradiation and edible coating; chemical treatment; nitric oxide, sulfur dioxide, 
gaseous treatment, ozone,1-Methylcyclopropene (1-MCP), Amenoethoxyvinyl gycine (AVG), silver 
nitrate, silver thio-sulfate, benzothiadiazole; controlled atmosphere packaging, modified 
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atmosphere packaging; and emerging technologies are some of technologies which inhibit ethylene 
production and action during ripening and storage of FV, thereby extending shelf life (El-Ramady et al., 
2015; Mahajan et al., 2014).

4.3.1. Calcium application
Calcium Chloride (CaCl2) at low temperatures is used to suppress senescence, reduce chilling injury, 
control development of physiological disorders and increase disease resistance in stored FV (El-
Ramady et al., 2015; Pinzón-Gómez, Deaquiz, & Álvarez-Herrera, 2014). The chemical prevented 
chilling injury in stored African eggplant as reported by Chepngeno, Owino, Kinyuru, and Nenguwo 
(2016). Also, tomatoes treated with Calcium Chloride were stored for 21 days without spoilage and 
indicated little physiochemical properties changes compared to untreated tomatoes in Nigeria, 
hence extended shelf life (Anyasi, Aworh, & Jideani, 2016). The extended shelf life can ensure in-
come gain from harvested crops and making FV available and accessible to supplying micronutrient 
in the diet.

4.3.2. Edible coating
Edible coating is the thin layer of edible materials applied on the surface of fresh FV. It enhances the 
natural waxy cuticle on the surface of a produce, protecting it against spoilage microorganisms and 
physical damage (Dhall, 2013; Tzia, Tasios, Spiliotaki, Chranioti, & Giannou, 2016). Also, edible coat-
ing minimize moisture losses; slow down respiration, senescence and enzyme activity; preserve 
color, flavor and texture; protects against mechanical damage and microbial growth; thereby, re-
taining freshness, active volatile compounds and plant antioxidants (Mahajan et al., 2014). They are 
applied direct on FV surface by spraying, dipping, smearing or brushing followed by drying to create 
a modified barrier (Dhall, 2013). Their functions and effects depend on the type of coating materials, 
temperatures, alkalinity, thickness, as well as, variety of FV (Velickova, Winkelhausen, Kuzmanova, 
Alves, & Moldão-Martins, 2013).

Approved FV edible coatings including chitosan, cellulose, starch, gum (polysaccharides), bees and 
paraffin wax (lipids), mineral oils, polyvinyl acetate and several proteins based (like gelatin and soy 
proteins) that proves good barrier properties without residue taste or odor impairment (Dhall, 2013; 
Martin-Belloso & Fortuny, 2010). They are mainly used in combination and incorporated with antioxi-
dants, antimicrobials, or nutraceuticals and functional compounds for improved shelf life, quality, 
stability, safety and nutrition of FV (Martin-Belloso & Fortuny, 2010). On the other hand, edible coat-
ing provides a carrier for postharvest chemicals treatment on FV and reduces the use of synthetic 
packaging materials, hence reduce the risks of greenhouse gases emission (Alam, Akram, Sharmin, 
Zafar, & Ahmad, 2014). This can provide a chance for SSA countries to use less energy and chemicals 
to reduce FV postharvest losses. Example, tomato surface coating with Gum Arabica had proven 
improved shelf life, delayed weight loss, maintained firmness and color (Ali, Maqbool, Alderson, & 
Zahid, 2013). Also, cucumbers and avocados coated with edible chitosan retained firmness and their 
quality for 14 days compared to 7 days of uncoated ones in Nigeria and South Africa, respectively 
(Omoba & Onyekwere, 2016; Taylor, Muller, & Minnaar, 2016). Therefore, the produce can be trans-
ported and stored for long period to marginal areas with limited access to FV and make them avail-
able to needy population.

4.3.3. 1-methylcyclopropene (1-MCP)
1-methylcyclopropene (1-MCP) delays ripening and senescence processes such as; pigment chang-
es, de-greening, flavor and aroma development; cell wall metabolism, softening, scalding and 
browning (Gabioud Rebeaud & Gasser, 2015; Li et al., 2016). Nevertheless, application of 1-MCP pro-
duces negligible effects on internal quality, nutrient contents and consumer acceptability of FV 
(Minas, Crisosto, Holcroft, Vasilakakis, & Crisosto, 2013). It binds and block the ethylene receptors, 
preventing signaling, thereby inactivating senescence and ripening of some FV (Pongprasert & 
Srilaong, 2014). It is used as ethylene antagonistic to climacteric FV (Razzaq, Singh, Khan, Khan, & 
Ullah, 2016; Zhu et al., 2015). Also, 1-MCP delays ripening processes of non-climacteric FV (Li et al., 
2016).
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1-MCP is approved for use in more than 50 countries around the World (Mahajan et al., 2014). It is 
delivered as a gas in sealed environment, or powder form and can be applied either as a gas at room 
temperatures, by fumigation, in aqueous solution by dipping or as micro bubbles on FV surfaces 
(Permana & Broto, 2012; Pongprasert & Srilaong, 2014). It is used to control ripening on a wide range 
of FV including banana, apple, papaya, avocado, cucumber, pineapple, squash, melon, tomato, 
peaches, pepper, among others (Watkins, 2014). Pongprasert and Srilaong (2014), reported sus-
tained firmness and delayed senescence for four days of ripe banana treated with 1-MCP, compared 
to two days of untreated ones. In South Africa, Zewter, Woldetsadik, and Workneh (2012) reported 
14 days shelf life increase of 1-MCP treated bananas as compared to untreated batch. Also, 1-MCP 
delayed ripening of mango in a study conducted by Razzaq et al. (2016) in Western Australia. 
Boggala et al. (2015), reported storage of mature green tomato fruits for 35 days following applica-
tion of 1-MCP in a study conducted in India. Major commercial uses of 1-MCP have been on apple 
fruits to maintain their crispness throughout the value chain (Gabioud Rebeaud & Gasser, 2015). 
Optimum conditions for the maximum effectiveness of 1-MCP depends on type of FV (Watkins, 
2014). In combination with other technologies like Controlled Atmosphere (CA) storage and low 
temperatures, FV treated with 1-MCP can be stored for longer periods without changes in quality 
(Gabioud Rebeaud & Gasser, 2015; Watkins, 2014). However, when 1-MCP is applied at high doses 
than recommended the fruits do not ripen at all (Watkins, 2014).

4.4. Sanitizing chemicals
Several chemicals are used to sanitize surfaces and processing areas for FV to reduce, remove or kill 
spoilage and pathogenic microorganisms (Ramos et al., 2013). The best practice is to focus on pre-
venting contamination of FV at the first place along the value chain. However, this is not always 
possible and use of techniques that reduce or eliminate microbes is important to prevent food borne 
outbreaks and product spoilage. Most of cleaning and sanitizing chemicals used for postharvest 
treatment of FV includes: chlorine (hypochlorites, chlorine dioxide), ozonation, hydrogen peroxide, 
trisodium phosphate, organic acids (acetic, lactic, citric and tartaric acid), electrolyzed water and 
calcium based solutions (Tapia et al., 2015). Depending on a crop and situation, sanitizing chemicals 
are applied at different recommended concentrations by dipping, rinsing or spraying on FV surfaces 
for a predetermined contact time (Joshi, Mahendran, Alagusundaram, Norton, & Tiwari, 2013). 
Sanitizing chemicals must be safe to the environment and human health, have trivial effect on pro-
duce quality, and cost effective (Joshi et al., 2013). According to Sibomana, Ziena, Schmidt, and 
Workneh (2017), tomato treated with Chlorine water showed a significant reduction on coliform and 
fungal counts on surfaces in a study conducted in South Africa.

4.5. Minimally processed FV
Minimally processed FV are prepared using non-thermal techniques to maintain freshness while 
keeping safety and quality right (Alegria et al., 2010). The process involves cleaning, trimming, slic-
ing, shredding, dicing, sanitizing, packaging and many other operations depending on type and con-
sumer requirements (Patrignani, Siroli, Serrazanetti, Gardini, & Lanciotti, 2015). They include ready 
to use or ready to eat products with increased functionality and consumer conveniences (Siddiqui, 
Chakraborty, Ayala-Zavala, & Dhua, 2011). Fresh-cut FV processing induces injury in tissues, thereby 
accelerating microbial growth and spoilage as the consequence (Patrignani et al., 2015; Ramos et 
al., 2013). Contrary to most food processing operations, minimally processed FV results in increased 
perishability and susceptibility to pathogenic and spoilage microorganisms (Alvarez, Ponce, 
Mazzucotelli, & Moreira, 2015). Therefore, need high level of sanitation, process hygiene, and knowl-
edge of food technology and postharvest physiology (Gil, Selma, López-Gálvez, & Allende, 2009). In 
turn, minimally processed FV requires refrigeration throughout the chain (Alegre, Abadias, Anguera, 
Oliveira, & Viñas, 2010; Tian et al., 2012). Other preservation methods such as chemical preserva-
tives, mild heat treatment, microwave processing, ionization, high hydrolytic pressure, pulse electri-
cal field, ozone technology, oscillating magnetic field, ohmic heating, and vacuum packaging are 
used to complement refrigeration (Siddiqui et al., 2011). Furthermore, Modified Atmosphere 
Packaging (MAP), active and smart packaging, Moderate Vacuum Packaging (MVP), and Equilibrium 
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Modified Atmosphere Packaging (EMAP), are used to additionally maintain quality and shelf life of 
minimally processed FV (Ramos et al., 2013).

Shelf life of minimally processed FV is determined by; physical and mechanical damage; tempera-
ture injuries; stress induced senescence; chemical and enzymatic reactions; microbial deterioration; 
and packaging abusive atmosphere resulting in undesirable texture and aroma (Ramos et al., 2013). 
Microbiological, sensory and nutritional shelf life of minimally processed FV has an average of 7 days 
(Siddiqui et al., 2011).

5. Conclusions
Use of postharvest technologies such as application of ethylene and 1-MCP to enhance and delay 
ripening, respectively can significantly reduce FV postharvest losses throughout the value chain.

Controlled ripening is useful especially during peak seasons and on distant transportation. At the 
same time, maintaining the cold chain and temperature management is inevitable as most of tropi-
cal FV are sensitive to temperature and are climacteric. Also, using combined methods is more ben-
eficial for FV postharvest losses reduction, particular with minimally processed FV. Proper use of 
postharvest technologies such as, controlled temperatures, sanitizing chemicals, edible coating and 
controlled ripening will lead to increased safety of FV and adherence to quality standards for local 
and international markets.

Although most of postharvest technologies are still unpopular in SSA, they are still a necessary 
approach to reduce FV losses, build a sustainable food and nutrition security, and alleviate poverty.

Acknowledgement
The authors acknowledge the Ministry of Agriculture, 
Livestock and Fisheries, Tanzania through Horticultural 
Research and Training Institute, Tengeru for material and 
technical support to making this review paper possible.

Funding
The authors received no direct funding for this research.

Competing Interests
The authors declare no competing interest.

Author details
Armachius James1

E-mail: armachiuss@gmail.com
Vumilia Zikankuba1

E-mail: zikankuba@gmail.com
1 �Horticultural Research and Training Institute (HORTI), P.O. 

Box 1253, Tengeru-Arusha, Tanzania.

Citation information
Cite this article as: Postharvest management of fruits and 
vegetable: A potential for reducing poverty, hidden hunger and 
malnutrition in sub-Sahara Africa, Armachius James & Vumilia 
Zikankuba, Cogent Food & Agriculture (2017), 3: 1312052.

References
Abeles, F. B., Morgan, P. W., & Saltveit Jr, M. E. (2012). Ethylene 

in plant biology (2 ed., pp. 264–296). Academic Press.
AbuGoukh, A. A. (2016). Use of ethylene, acetylene and ethrel 

on banana fruit ripening.
Affognon, H., Mutungi, C., Sanginga, P., & Borgemeister, C. 

(2015). Unpacking postharvest losses in sub-Saharan 
Africa: A meta-analysis. World Development, 66, 49–68. 
http://dx.doi.org/10.1016/j.worlddev.2014.08.002

Aghdam, M. S., Sevillano, L., Flores, F. B., & Bodbodak, S. (2013). 
Heat shock proteins as biochemical markers for 
postharvest chilling stress in fruits and vegetables. 
Scientia Horticulturae, 160, 54–64. 
http://dx.doi.org/10.1016/j.scienta.2013.05.020

Ahmadiani, N., Robbins, R. J., Collins, T. M., & Giusti, M. M. 
(2014). Anthocyanins contents, profiles, and color 
characteristics of red cabbage extracts from different 
cultivars and maturity stages. Journal of Agricultural and 
Food Chemistry, 62, 7524–7531. 
http://dx.doi.org/10.1021/jf501991q

Alam, M., Akram, D., Sharmin, E., Zafar, F., & Ahmad, S. (2014). 
Vegetable oil based eco-friendly coating materials: A 
review article. Arabian Journal of Chemistry, 7, 469–479. 
http://dx.doi.org/10.1016/j.arabjc.2013.12.023

Alegre, I., Abadias, M., Anguera, M., Oliveira, M., & Viñas, I. 
(2010). Factors affecting growth of foodborne pathogens 
on minimally processed apples. Food Microbiology, 27, 
70–76. http://dx.doi.org/10.1016/j.fm.2009.08.005

Alegria, C., Pinheiro, J., Gonçalves, E. M., Fernandes, I., Moldão, 
M., & Abreu, M. (2010). Evaluation of a pre-cut heat 
treatment as an alternative to chlorine in minimally 
processed shredded carrot. Innovative Food Science & 
Emerging Technologies, 11, 155–161. 
http://dx.doi.org/10.1016/j.ifset.2009.10.008

Ali, A., Maqbool, M., Alderson, P. G., & Zahid, N. (2013). Effect of 
gum arabic as an edible coating on antioxidant capacity 
of tomato (Solanum lycopersicum L.) fruit during storage. 
Postharvest Biology and Technology, 76, 119–124. 
http://dx.doi.org/10.1016/j.postharvbio.2012.09.011

Alvarez, M. V., Ponce, A. G., Mazzucotelli, C. A., & Moreira, M. R. 
(2015). The impact of biopreservatives and storage 
temperature in the quality and safety of minimally 
processed mixed vegetables for soup. Journal of the 
Science of Food and Agriculture, 95, 962–971. 
http://dx.doi.org/10.1002/jsfa.2015.95.issue-5

Anyasi, T. A., Aworh, C. O., & Jideani, A. I. (2016). Effect of 
packaging and chemical treatment on storage life and 
physicochemical attributes of tomato (Lycopersicon 
esculentum Mill cv. Roma). African Journal of 
Biotechnology, 15, 1913–1919.

Ara, R., Jahan, S., Abdullah, A., Fakhruddin, A., & Saha, B. 
(2015). Physico-chemical properties and mineral content 
of selected tropical fruits in Bangladesh. Bangladesh 
Journal of Scientific and Industrial Research, 49, 131–136.

mailto:armachiuss@gmail.com
mailto:zikankuba@gmail.com
http://dx.doi.org/10.1016/j.worlddev.2014.08.002
http://dx.doi.org/10.1016/j.worlddev.2014.08.002
http://dx.doi.org/10.1016/j.scienta.2013.05.020
http://dx.doi.org/10.1016/j.scienta.2013.05.020
http://dx.doi.org/10.1021/jf501991q
http://dx.doi.org/10.1021/jf501991q
http://dx.doi.org/10.1016/j.arabjc.2013.12.023
http://dx.doi.org/10.1016/j.arabjc.2013.12.023
http://dx.doi.org/10.1016/j.fm.2009.08.005
http://dx.doi.org/10.1016/j.ifset.2009.10.008
http://dx.doi.org/10.1016/j.ifset.2009.10.008
http://dx.doi.org/10.1016/j.postharvbio.2012.09.011
http://dx.doi.org/10.1016/j.postharvbio.2012.09.011
http://dx.doi.org/10.1002/jsfa.2015.95.issue-5
http://dx.doi.org/10.1002/jsfa.2015.95.issue-5


Page 10 of 13

James & Zikankuba, Cogent Food & Agriculture (2017), 3: 1312052
http://dx.doi.org/10.1080/23311932.2017.1312052

Asif, M. (2012). Physico-chemical properties and toxic effect of 
fruit-ripening agent calcium carbide. Annals of Tropical 
Medicine and Public Health, 5, 150–156. 
http://dx.doi.org/10.4103/1755-6783.98602

Bachmann, G. E., Segura, D. F., Devescovi, F., Juárez, M. L., Ruiz, 
M. J., Vera, M. T., & Cladera, J. L. (2015). Male sexual 
behavior and pheromone emission is enhanced by 
exposure to guava fruit volatiles in Anastrepha 
fraterculus. PLOS ONE, 10(4), e0124250. 
http://dx.doi.org/10.1371/journal.pone.0124250

Barrett, D. M., Beaulieu, J. C., & Shewfelt, R. (2010). Color, flavor, 
texture, and nutritional quality of fresh-cut fruits and 
vegetables: desirable levels, instrumental and sensory 
measurement, and the effects of processing. Critical 
Reviews in Food Science and Nutrition, 50, 369–389. 
http://dx.doi.org/10.1080/10408391003626322

Boggala, R. B., Singh, K., Jawandha, S. K., Jindal, S. K., Alam, M. S., 
Khurana, D. S., … Narsaiah, K. (2015). Effect of postharvest 
application of 1-methycyclopropene on storage behavior of 
fresh tomatoes (Solanum lycopersicum  L.). Journal of Food 
Processing and Preservation, 39, 1318–1323. http://dx.doi.
org/10.1111/jfpp.12350

Botondi, R., De Sanctis, F., Bartoloni, S., & Mencarelli, F. (2014). 
Simultaneous application of ethylene and 1-MCP affects 
banana ripening features during storage. Journal of the 
Science of Food and Agriculture, 94, 2170–2178. 
http://dx.doi.org/10.1002/jsfa.2014.94.issue-11

Buzby, J. C., Farah-Wells, H., & Hyman, J. (2014). The estimated 
amount, value, and calories of postharvest food losses at 
the retail and consumer levels in the United States. USDA-
ERS Economic Information Bulletin 121.

Caponigro, V., Ventura, M., Chiancone, I., Amato, L., Parente, E., 
& Piro, F. (2010). Variation of microbial load and visual 
quality of ready-to-eat salads by vegetable type, season, 
processor and retailer. Food Microbiology, 27, 1071–1077. 
http://dx.doi.org/10.1016/j.fm.2010.07.011

Chepngeno, J., Owino, W. O., Kinyuru, J., & Nenguwo, N. (2016). 
Effect of calcium chloride and hydrocooling on postharvest 
quality of selected vegetables. Journal of Food Research, 
5(2), 23. http://dx.doi.org/10.5539/jfr.v5n2p23

Cocco, A., Deliperi, S., Lentini, A., Mannu, R., & Delrio, G. (2015). 
Seasonal phenology of Tuta absoluta (Lepidoptera: 
Gelechiidae) in protected and open-field crops under 
Mediterranean climatic conditions. Phytoparasitica, 43, 
713–724. http://dx.doi.org/10.1007/s12600-015-0486-x

Conesa, A., Brotons, J., Manera, F., & Porras, I. (2014). The 
degreening of lemon and grapefruit in ethylene 
atmosphere: A cost analysis. Scientia Horticulturae, 179, 
140–145. http://dx.doi.org/10.1016/j.scienta.2014.09.026

Cooper, A. J., Sharp, S. J., Luben, R. N., Khaw, K.-T., Wareham, N. 
J., & Forouhi, N. G. (2015). The association between a 
biomarker score for fruit and vegetable intake and 
incident type 2 diabetes: the EPIC-Norfolk study. European 
Journal of Clinical Nutrition, 69, 449–454. 
http://dx.doi.org/10.1038/ejcn.2014.246

Czaja, K., Góralczyk, K., Struciński, P., Hernik, A., Korcz, W., 
Minorczyk, M., … Ludwicki, J. K. (2015). Biopesticides–
towards increased consumer safety in the European 
Union. Pest Management Science, 71, 3–6. 
http://dx.doi.org/10.1002/ps.2015.71.issue-1

Damalas, C. A., & Eleftherohorinos, I. G. (2011). Pesticide exposure, 
safety issues, and risk assessment indicators. International 
Journal of Environmental Research and Public Health, 8, 
1402–1419. http://dx.doi.org/10.3390/ijerph8051402

de Bon, H., Huat, J., Parrot, L., Sinzogan, A., Martin, T., 
Malézieux, E., & Vayssières, J.-F. (2014). Pesticide risks 
from fruit and vegetable pest management by small 
farmers in sub-Saharan Africa. A review. Agronomy for 
Sustainable Development, 34, 723–736. 
http://dx.doi.org/10.1007/s13593-014-0216-7

Dhall, R. (2013). Advances in edible coatings for fresh fruits 
and vegetables: A review. Critical Reviews in Food Science 
and Nutrition, 53, 435–450. 
http://dx.doi.org/10.1080/10408398.2010.541568

Dhall, R., & Singh, P. (2013). Effect of ethephon and ethylene 
gas on ripening and quality of tomato (Solanum 
lycopersicum L.) during cold storage. Journal of Nutrition & 
Food Sciences, 3(6), 1–7.

Dutta, S. (2015). Biopesticides: An ecofriendly approach for 
pest control. Institutions, 4, 250–265.

El-Ramady, H. R., Domokos-Szabolcsy, É., Abdalla, N. A., Taha, 
H. S., & Fári, M. (2015). Postharvest management of fruits 
and vegetables storage sustainable agriculture reviews 
(pp. 65–152). New York, NY: Springer.

Eni, A. O., Oluwawemitan, I. A., & Solomon, O. U. (2010). 
Microbial quality of fruits and vegetables sold in Sango 
Ota. Nigeria. African Journal of Food Science, 4, 291–296.

Eze, S. C., & Echezona, B. (2012). Agricultural pest control 
programmes, food security and safety. African Journal of 
Food, Agriculture, Nutrition and Development, 12, 6582–6592.

FAO. (2016). The state of food and agriculture: Climate change, 
agriculture and food security. Food and Agriculture 
Organization of the United Nations. Retrieved 23 October 
2016, from www.fao.org/publications

FAOSTAT. (2017). Food and Agriculture Organization of the 
United Nations. Retrieved February 21, 2017, from http://
www.fao.org/faostat/en/#data/QC

Francis, G., Gallone, A., Nychas, G., Sofos, J., Colelli, G., Amodio, 
M., & Spano, G. (2012). Factors affecting quality and 
safety of fresh-cut produce. Critical Reviews in Food 
Science and Nutrition, 52, 595–610. 
http://dx.doi.org/10.1080/10408398.2010.503685

Gabioud Rebeaud, S. G., & Gasser, F. (2015). Fruit quality as 
affected by 1-MCP treatment and DCA storage–a 
comparison of the two methods. European Journal of 
Horticultural Science, 80, 18–24. 
http://dx.doi.org/10.17660/eJHS.2015/80.1.3

Ghosh, P. R., Fawcett, D., Sharma, S. B., & Poinern, G. E. J. 
(2016). Progress towards sustainable utilisation and 
management of food wastes in the global economy. 
International Journal of Food Science.

Gil, M. I., Selma, M. V., López-Gálvez, F., & Allende, A. (2009). 
Fresh-cut product sanitation and wash water 
disinfection: Problems and solutions. International 
Journal of Food Microbiology, 134, 37–45. 
http://dx.doi.org/10.1016/j.ijfoodmicro.2009.05.021

Gil, M. I., Selma, M. V., Suslow, T., Jacxsens, L., Uyttendaele, M., 
& Allende, A. (2015). Pre- and postharvest preventive 
measures and intervention strategies to control microbial 
food safety hazards of fresh leafy vegetables. Critical 
Reviews in Food Science and Nutrition, 55, 453–468. 
http://dx.doi.org/10.1080/10408398.2012.657808

Grubben, G., Klaver, W., Nono-Womdim, R., Everaarts, A., 
Fondio, L., Nugteren, J. A., & Corrado, M. (2014). 
Vegetables to combat the hidden hunger in Africa. 
Chronica Hortic, 54, 24–32.

Gustavsson, J., Cederberg, C., Sonesson, U., Van Otterdijk, R., & 
Meybeck, A. (2011). Global food losses and food waste. 
Rome: Food and Agriculture Organization of the United 
Nations.

Hassani, A., Fathi, Z., Ghosta, Y., Abdollahi, A., Meshkatalsadat, 
M. H., & Marandi, R. J. (2012). Evaluation of plant essential 
oils for control of postharvest brown and gray mold rots 
on apricot. Journal of Food Safety, 32, 94–101. 
http://dx.doi.org/10.1111/jfs.2012.32.issue-1

Ho, B. T., Hofman, P. J., Joyce, D. C., & Bhandari, B. R. (2016). 
Uses of an innovative ethylene-α-cyclodextrin inclusion 
complex powder for ripening of mango fruit. Postharvest 
Biology and Technology, 113, 77–86. 
http://dx.doi.org/10.1016/j.postharvbio.2015.11.005

http://dx.doi.org/10.4103/1755-6783.98602
http://dx.doi.org/10.4103/1755-6783.98602
http://dx.doi.org/10.1371/journal.pone.0124250
http://dx.doi.org/10.1371/journal.pone.0124250
http://dx.doi.org/10.1080/10408391003626322
http://dx.doi.org/10.1080/10408391003626322
http://dx.doi.org/10.1111/jfpp.12350
http://dx.doi.org/10.1111/jfpp.12350
http://dx.doi.org/10.1002/jsfa.2014.94.issue-11
http://dx.doi.org/10.1002/jsfa.2014.94.issue-11
http://dx.doi.org/10.1016/j.fm.2010.07.011
http://dx.doi.org/10.1016/j.fm.2010.07.011
http://dx.doi.org/10.5539/jfr.v5n2p23
http://dx.doi.org/10.1007/s12600-015-0486-x
http://dx.doi.org/10.1016/j.scienta.2014.09.026
http://dx.doi.org/10.1038/ejcn.2014.246
http://dx.doi.org/10.1038/ejcn.2014.246
http://dx.doi.org/10.1002/ps.2015.71.issue-1
http://dx.doi.org/10.1002/ps.2015.71.issue-1
http://dx.doi.org/10.3390/ijerph8051402
http://dx.doi.org/10.1007/s13593-014-0216-7
http://dx.doi.org/10.1007/s13593-014-0216-7
http://dx.doi.org/10.1080/10408398.2010.541568
http://dx.doi.org/10.1080/10408398.2010.541568
http://www.fao.org/publications
http://www.fao.org/faostat/en/#data/QC
http://www.fao.org/faostat/en/#data/QC
http://dx.doi.org/10.1080/10408398.2010.503685
http://dx.doi.org/10.1080/10408398.2010.503685
http://dx.doi.org/10.17660/eJHS.2015/80.1.3
http://dx.doi.org/10.17660/eJHS.2015/80.1.3
http://dx.doi.org/10.1016/j.ijfoodmicro.2009.05.021
http://dx.doi.org/10.1080/10408398.2012.657808
http://dx.doi.org/10.1080/10408398.2012.657808
http://dx.doi.org/10.1111/jfs.2012.32.issue-1
http://dx.doi.org/10.1111/jfs.2012.32.issue-1
http://dx.doi.org/10.1016/j.postharvbio.2015.11.005
http://dx.doi.org/10.1016/j.postharvbio.2015.11.005


Page 11 of 13

James & Zikankuba, Cogent Food & Agriculture (2017), 3: 1312052
http://dx.doi.org/10.1080/23311932.2017.1312052

Hossain, M., Akhtar, S., & Anwar, M. (2015). Health hazards 
posed by the consumption of artificially ripened fruits in 
Bangladesh. International Food Research Journal, 22, 
150–156.

Islam, M. N., Mursalat, M., & Khan, M. S. (2016). A review on the 
legislative aspect of artificial fruit ripening. Agriculture & 
Food Security, 5(8), 1–10. doi:10.1186/s40066-016-0057-5

James, A. & Matemu, A. (2016). Solar-drying of vegetables for 
micronutrients retention and product diversification. 
American Journal of Research Communication, 4(8), 1–13.

Janssen, S., Schmitt, K., Blanke, M., Bauersfeld, M., Wollenstein, J., 
& Lang, W. (2014). Ethylene detection in fruit supply chains. 
Philosophical Transactions of the Royal Society A: 
Mathematical, Physical and Engineering Sciences, 372(2017), 
20130311. http://dx.doi.org/10.1098/rsta.2013.0311

Joshi, K., Mahendran, R., Alagusundaram, K., Norton, T., & 
Tiwari, B. (2013). Novel disinfectants for fresh produce. 
Trends in Food Science & Technology, 34, 54–61. 
http://dx.doi.org/10.1016/j.tifs.2013.08.008

Kader, A. A. (2009). Handling of horticultural perishables in 
developing vs. developed countries. Paper presented at the 
VI International Postharvest Symposium 877, Antalya.

Kader, A. (2013). Postharvest technology of horticultural crops-
An overwiew from farm to fork. Ethiopian Journal of 
Science and Technology, 1, 1–8.

Karungi, J., Kyamanywa, S., Adipala, E., & Erbaugh, M. (2011). 
Pesticide utilisation, regulation and future prospects in 
small scale horticultural crop production systems in a 
developing country. In M. Stoytcheva (Ed.), Pesticides in 
the modern world-pesticides use and management (pp. 
19–34). InTech. Retrieved from https://www.intechopen.
com/books/pesticides-in-the-modern-world-pesticides-
use-and-management/pesticide-utilisation-regulation-
and-future-prospects-in-small-scale-horticultural-crop-
production-s. doi:10.5772/17170 

Keller, N., Ducamp, M.-N. l., Robert, D., & Keller, V. R. (2013). 
Ethylene removal and fresh product storage: A challenge 
at the frontiers of chemistry. Toward an approach by 
photocatalytic oxidation. Chemical Reviews, 113, 5029–
5070. http://dx.doi.org/10.1021/cr900398v

Khaira, H., Sandhu, K., & Singh, M. (2014). Controlled ripening 
and storage on physical characteristics of tomato. 
International Journal of Vegetable Science, 20, 89–99. 
http://dx.doi.org/10.1080/19315260.2013.789813

Khandpur, P., & Gogate, P. R. (2015). Effect of novel ultrasound 
based processing on the nutrition quality of different fruit 
and vegetable juices. Ultrasonics Sonochemistry, 27, 125–
136. http://dx.doi.org/10.1016/j.ultsonch.2015.05.008

Khater, H. F. (2012). Prospects of botanical biopesticides in 
insect pest management. Pharmacologia, 3, 641–656.

Kiaya, V. (2014). Post-harvest losses and strategies to reduce them. 
New York, NY: Action Contre la Faim (ACF International).

Kitinoja, L. (2013a). Innovative small-scale postharvest 
technologies for reducing losses in horticultural crops. 
Ethiopian Journal of Applied Science and Technology, 1, 9–15.

Kitinoja, L. (2013b). Use of cold chains for reducing food losses 
in developing countries. Population, 6, 5–60.

Kitinoja, L., & Barrett, D. M. (2015). Extension of small-scale 
postharvest horticulture technologies—A model training 
and services center. Agriculture, 5, 441–455. 
http://dx.doi.org/10.3390/agriculture5030441

Kitinoja, L., Saran, S., Roy, S. K., & Kader, A. A. (2011). 
Postharvest technology for developing countries: 
challenges and opportunities in research, outreach and 
advocacy. Journal of the Science of Food and Agriculture, 
91, 597–603. http://dx.doi.org/10.1002/jsfa.4295

Kongkachuichai, R., Charoensiri, R., Yakoh, K., Kringkasemsee, 
A., & Insung, P. (2015). Nutrients value and antioxidant 
content of indigenous vegetables from Southern Thailand. 
Food Chemistry, 173, 838–846. 
http://dx.doi.org/10.1016/j.foodchem.2014.10.123

Kummu, M., de Moel, H., Porkka, M., Siebert, S., Varis, O., & 
Ward, P. (2012). Lost food, wasted resources: Global food 
supply chain losses and their impacts on freshwater, 
cropland, and fertiliser use. Science of the Total 
Environment, 438, 477–489. 
http://dx.doi.org/10.1016/j.scitotenv.2012.08.092

Li, L., Lichter, A., Chalupowicz, D., Gamrasni, D., Goldberg, T., 
Nerya, O., … Porat, R. (2016). Effects of the ethylene-
action inhibitor 1-methylcyclopropene on postharvest 
quality of non-climacteric fruit crops. Postharvest Biology 
and Technology, 111, 322–329. 
http://dx.doi.org/10.1016/j.postharvbio.2015.09.031

Lu, J., Charles, M. T., Vigneault, C., Goyette, B., & Raghavan, G. V. 
(2010). Effect of heat treatment uniformity on tomato 
ripening and chilling injury. Postharvest Biology and 
Technology, 56, 155–162. 
http://dx.doi.org/10.1016/j.postharvbio.2010.01.005

Lurie, S., & Pedreschi, R. (2014). Fundamental aspects of 
postharvest heat treatments. Horticulture Research, 1, 
14030. http://dx.doi.org/10.1038/hortres.2014.30

Mahajan, P. V., Caleb, O. J., Singh, Z., Watkins, C. B., & Geyer, M. 
(2014). Postharvest treatments of fresh produce. 
Philosophical Transactions of the Royal Society A: 
Mathematical, Physical and Engineering Sciences, 372(2017), 
20130309. http://dx.doi.org/10.1098/rsta.2013.0309

Makky, M., Paschalidis, K., Dima, K., & Mangganaris, A. (2015). 
Tomato fruits (Solanaceae Lycopersicon esculentum Mill.) 
feedback mechanism in the presence of exogenous 
ethylene under prolonged chilling temperature storage. 
Journal of Nutrition & Pharmacy Research, 1, 4–12.

Makris, D. P., & Boskou, D. (2014). Plant-derived antioxidants as 
food additives. Plants as a Source of Natural Antioxidants, 
398, 169–190.

Martin-Belloso, O., & Fortuny, R. S. (2010). Advances in fresh-cut 
fruits and vegetables processing. Boca Raton, FL: CRC Press.

Martínez-Vaz, B. M., Fink, R. C., Diez-Gonzalez, F., & Sadowsky, M. 
J. (2014). Enteric pathogen-plant interactions: Molecular 
connections leading to colonization and growth and 
implications for food safety. Microbes and Environments, 
29, 123–135. http://dx.doi.org/10.1264/jsme2.ME13139

McCormack, V. A. & Schüz, J. (2012). Africa's growing cancer 
burden: Environmental and occupational contributions. 
Cancer Epidemiology, 36(1), 1–7. 
http://dx.doi.org/10.1016/j.canep.2011.09.005

Minas, I. S., Crisosto, G. M., Holcroft, D., Vasilakakis, M., & 
Crisosto, C. H. (2013). Postharvest handling of plums 
(Prunus salicina Lindl.) at 10°C to save energy and 
preserve fruit quality using an innovative application 
system of 1-MCP. Postharvest Biology and Technology, 76, 
1–9. http://dx.doi.org/10.1016/j.postharvbio.2012.08.013

Munesue, Y., Masui, T., & Fushima, T. (2015). The effects of 
reducing food losses and food waste on global food 
insecurity, natural resources, and greenhouse gas 
emissions. Environmental Economics and Policy Studies, 
17, 43–77. http://dx.doi.org/10.1007/s10018-014-0083-0

Nicolaï, B. M., Defraeye, T., De Ketelaere, B., Herremans, E., Hertog, 
M. L., Saeys, W., … Verboven, P. (2014). Nondestructive 
measurement of fruit and vegetable quality. Annual Review 
of Food Science and Technology, 5, 285–312. http://dx.doi.
org/10.1146/annurev-food-030713-092410

Niewiara, M. (2016). Postharvest loss: Global collaboration 
needed to solve a global problem. i-ACES, 2, 29–36.

Olaimat, A. N., & Holley, R. A. (2012). Factors influencing the 
microbial safety of fresh produce: A review. Food 
Microbiology, 32(1), 1–19. 
http://dx.doi.org/10.1016/j.fm.2012.04.016

Omoba, O. S., & Onyekwere, U. (2016). Postharvest 
physicochemical properties of cucumber fruits (Cucumber 
sativus L.) treated with chitosan-lemon grass extracts 
under different storage durations. African Journal of 
Biotechnology, 15, 2758–2766.

http://dx.doi.org/10.1186/s40066-016-0057-5
http://dx.doi.org/10.1098/rsta.2013.0311
http://dx.doi.org/10.1016/j.tifs.2013.08.008
http://dx.doi.org/10.1016/j.tifs.2013.08.008
https://www.intechopen.com/books/pesticides-in-the-modern-world-pesticides-use-and-management/pesticide-utilisation-regulation-and-future-prospects-in-small-scale-horticultural-crop-production-s
https://www.intechopen.com/books/pesticides-in-the-modern-world-pesticides-use-and-management/pesticide-utilisation-regulation-and-future-prospects-in-small-scale-horticultural-crop-production-s
https://www.intechopen.com/books/pesticides-in-the-modern-world-pesticides-use-and-management/pesticide-utilisation-regulation-and-future-prospects-in-small-scale-horticultural-crop-production-s
https://www.intechopen.com/books/pesticides-in-the-modern-world-pesticides-use-and-management/pesticide-utilisation-regulation-and-future-prospects-in-small-scale-horticultural-crop-production-s
https://www.intechopen.com/books/pesticides-in-the-modern-world-pesticides-use-and-management/pesticide-utilisation-regulation-and-future-prospects-in-small-scale-horticultural-crop-production-s
http://dx.doi.org/10.5772/17170
http://dx.doi.org/10.1021/cr900398v
http://dx.doi.org/10.1080/19315260.2013.789813
http://dx.doi.org/10.1080/19315260.2013.789813
http://dx.doi.org/10.1016/j.ultsonch.2015.05.008
http://dx.doi.org/10.3390/agriculture5030441
http://dx.doi.org/10.3390/agriculture5030441
http://dx.doi.org/10.1002/jsfa.4295
http://dx.doi.org/10.1016/j.foodchem.2014.10.123
http://dx.doi.org/10.1016/j.foodchem.2014.10.123
http://dx.doi.org/10.1016/j.scitotenv.2012.08.092
http://dx.doi.org/10.1016/j.scitotenv.2012.08.092
http://dx.doi.org/10.1016/j.postharvbio.2015.09.031
http://dx.doi.org/10.1016/j.postharvbio.2015.09.031
http://dx.doi.org/10.1016/j.postharvbio.2010.01.005
http://dx.doi.org/10.1016/j.postharvbio.2010.01.005
http://dx.doi.org/10.1038/hortres.2014.30
http://dx.doi.org/10.1098/rsta.2013.0309
http://dx.doi.org/10.1264/jsme2.ME13139
http://dx.doi.org/10.1016/j.canep.2011.09.005
http://dx.doi.org/10.1016/j.canep.2011.09.005
http://dx.doi.org/10.1016/j.postharvbio.2012.08.013
http://dx.doi.org/10.1007/s10018-014-0083-0
http://dx.doi.org/10.1146/annurev-food-030713-092410
http://dx.doi.org/10.1146/annurev-food-030713-092410
http://dx.doi.org/10.1016/j.fm.2012.04.016
http://dx.doi.org/10.1016/j.fm.2012.04.016


Page 12 of 13

James & Zikankuba, Cogent Food & Agriculture (2017), 3: 1312052
http://dx.doi.org/10.1080/23311932.2017.1312052

Patrignani, F., Siroli, L., Serrazanetti, D. I., Gardini, F., & Lanciotti, 
R. (2015). Innovative strategies based on the use of 
essential oils and their components to improve safety, 
shelf-life and quality of minimally processed fruits and 
vegetables. Trends in Food Science & Technology, 46, 311–
319. http://dx.doi.org/10.1016/j.tifs.2015.03.009

Paul, V., Pandey, R., & Srivastava, G. C. (2012). The fading 
distinctions between classical patterns of ripening in 
climacteric and non-climacteric fruit and the ubiquity of 
ethylene—An overview. Journal of Food Science and 
Technology, 49(1), 1–21. 
http://dx.doi.org/10.1007/s13197-011-0293-4

Permana, A., & Broto, W. (2012). Characterization of 1-mcp gas 
from synthesis of various ratios of lithium diisopropylamide 
(LDA) and 3-chloro-2-methylpropene (CMP). Paper presented 
at the II Asia Pacific Symposium on Postharvest Research 
Education and Extension: APS2012 1011, Yogyakarta.

Pinzón-Gómez, L. P., Deaquiz, Y. A., & Álvarez-Herrera, J. G. 
(2014). Postharvest behavior of tamarillo (Solanum 
betaceum Cav.) treated with CaCl2 under different storage 
temperatures. Agronomía Colombiana, 32, 238–245. 
http://dx.doi.org/10.15446/agron.colomb.v32n2.42764

Pokhrel, P. (2014). Use of higher ethylene generating fruits for 
ripening as an alternative to ethylene. Journal of Food 
Science and Technology Nepal, 8, 84–86.

Pongprasert, N., & Srilaong, V. (2014). A novel technique using 
1-MCP microbubbles for delaying postharvest ripening of 
banana fruit. Postharvest Biology and Technology, 95, 42–
45. http://dx.doi.org/10.1016/j.postharvbio.2014.04.003

Ramos, B., Miller, F., Brandão, T. R., Teixeira, P., & Silva, C. L. 
(2013). Fresh fruits and vegetables—An overview on 
applied methodologies to improve its quality and safety. 
Innovative Food Science & Emerging Technologies, 20, 
1–15. http://dx.doi.org/10.1016/j.ifset.2013.07.002

Rawson, A., Tiwari, B. K., Tuohy, M., & Brunton, N. (2012). 
Impact of frozen storage on polyacetylene content, 
texture and colour in carrots disks. Journal of Food 
Engineering, 108, 563–569. 
http://dx.doi.org/10.1016/j.jfoodeng.2011.09.003

Razzaq, K., Singh, Z., Khan, A. S., Khan, S. A. K. U., & Ullah, S. 
(2016). Role of 1-MCP in regulating ‘Kensington Pride’mango 
fruit softening and ripening. Plant Growth Regulation, 78, 
401–411. http://dx.doi.org/10.1007/s10725-015-0101-7

Rehman, A., Alam, M. W., Malik, A. U., Ali, H., & Sarfraz, B. 
(2015). Preharvest factors influencing the postharvest 
disease development and fruit quality of mango. Journal 
of Environmental and Agricultural Sciences, 3, 42–47.

Rekhy, R., & McConchie, R. (2014). Promoting consumption of 
fruit and vegetables for better health. Have campaigns 
delivered on the goals? Appetite, 79, 113–123. 
http://dx.doi.org/10.1016/j.appet.2014.04.012

Retta, A. N., & Berhe, D. H. (2015). Tomato leaf miner–Tuta 
absoluta (Meyrick), a devastating pest of tomatoes in the 
highlands of Northern Ethiopia: A call for attention and 
action. Research Journal of Agriculture and Environmental 
Management, 4, 264–269.

Reynolds, C. J., Buckley, J. D., Weinstein, P., & Boland, J. (2014). 
Are the dietary guidelines for meat, fat, fruit and 
vegetable consumption appropriate for environmental 
sustainability? A review of the literature Nutrients, 6, 
2251–2265. http://dx.doi.org/10.3390/nu6062251

Rouphael, Y., Schwarz, D., Krumbein, A., & Colla, G. (2010). 
Impact of grafting on product quality of fruit vegetables. 
Scientia Horticulturae, 127, 172–179. 
http://dx.doi.org/10.1016/j.scienta.2010.09.001

Rudell, D. R., Buchanan, D. A., Leisso, R. S., Whitaker, B. D., 
Mattheis, J. P., Zhu, Y., & Varanasi, V. (2011). Ripening, 
storage temperature, ethylene action, and oxidative 
stress alter apple peel phytosterol metabolism. 
Phytochemistry, 72, 1328–1340. 
http://dx.doi.org/10.1016/j.phytochem.2011.04.018

Sajid, M., Rab, A., Jan, I., Haq, I., & Zamin, M. (2013). Conditioning 
at certain temperature and durations induces chilling 
tolerance and disease resistance in sweet orange. 
International Journal of Agriculture and Biology, 15, 713–718.

São José, J. F. B., Andrade, N. J., Ramos, A. M., Vanetti, M. C. D., 
Stringheta, P. C., & Chaves, J. B. P. (2014). 
Decontamination by ultrasound application in fresh fruits 
and vegetables. Food Control, 45, 36–50. 
http://dx.doi.org/10.1016/j.foodcont.2014.04.015

Sarwar, M. (2015). The killer chemicals for control of agriculture 
insect pests: The botanical insecticides. International 
Journal of Chemical and Biomolecular Science, 1, 123–128.

Seiber, J. N., Coats, J., Duke, S. O., & Gross, A. D. (2014). 
Biopesticides: State of the art and future opportunities. 
Journal of Agricultural and Food Chemistry, 62, 11613–
11619. http://dx.doi.org/10.1021/jf504252n

Shetty, A. A., Magadum, S., & Managanvi, K. (2015). Vegetables 
as sources of antioxidants. Journal of Food and Nutritional 
Disorders, 2, 1–5.

Sibomana, M., Ziena, L., Schmidt, S., & Workneh, T. (2017). 
Influence of transportation conditions and postharvest 
disinfection treatments on microbiological quality of fresh 
market tomatoes (cv. Nemo-Netta) in a South African 
supply chain. Journal of Food Protection, 80, 345–354. 
http://dx.doi.org/10.4315/0362-028X.JFP-16-229

Siddiqui, M. W., Chakraborty, I., Ayala-Zavala, J., & Dhua, R. 
(2011). Advances in minimal processing of fruits and 
vegetables: A review. Journal of Scientific & Industrial 
Research, 70, 823–834.

Siegel, K. R., Ali, M. K., Srinivasiah, A., Nugent, R. A., & Narayan, 
K. V. (2014). Do we produce enough fruits and vegetables 
to meet global health need? PLoS ONE, 9(8), e104059. 
http://dx.doi.org/10.1371/journal.pone.0104059

Singh, V., Hedayetullah, M., Zaman, P., & Meher, J. (2014). 
Postharvest technology of fruits and vegetables: An 
overview. Journal of Post-Harvest Technology, 2, 
124–135.

Siroli, L., Patrignani, F., Serrazanetti, D. I., Gardini, F., & Lanciotti, R. 
(2015). Innovative strategies based on the use of bio-
control agents to improve the safety, shelf-life and quality 
of minimally processed fruits and vegetables. Trends in 
Food Science & Technology, 46, 302–310. 
http://dx.doi.org/10.1016/j.tifs.2015.04.014

Sivakumar, D., Van Deventer, F., Terry, L. A., Polenta, G. A., & 
Korsten, L. (2012). Combination of 1-methylcyclopropene 
treatment and controlled atmosphere storage retains 
overall fruit quality and bioactive compounds in mango. 
Journal of the Science of Food and Agriculture, 92, 821–
830. http://dx.doi.org/10.1002/jsfa.v92.4

Soukoulis, C., Cappellin, L., Aprea, E., Costa, F., Viola, R., Märk, T. 
D., … Biasioli, F. (2013). PTR-ToF-MS, a novel, rapid, high 
sensitivity and non-invasive tool to monitor volatile 
compound release during fruit post-harvest storage: The 
case study of apple ripening. Food and Bioprocess 
Technology, 6, 2831–2843. 
http://dx.doi.org/10.1007/s11947-012-0930-6

Sugar, D., & Basile, S. R. (2013). Integrated ethylene and 
temperature conditioning for induction of ripening 
capacity in ‘Anjou’and ‘Comice’pears. Postharvest Biology 
and Technology, 83, 9–16. 
http://dx.doi.org/10.1016/j.postharvbio.2013.03.010

Tapia, M., Gutierrez-Pacheco, M., Vazquez-Armenta, F., Aguilar, 
G. G., Zavala, J. A., Rahman, M. S., & Siddiqui, M. W. (2015). 
Washing, peeling and cutting of fresh-cut fruits and 
vegetables minimally processed foods (pp. 57–78). 
Springer. doi:10.13140/2.1.3857.4406 

Taylor, J., Muller, M., & Minnaar, A. (2016). Improved storage 
and eat-ripe quality of avocados using a plant protein-
based coating formulation. Quality Assurance and Safety 
of Crops & Foods, 8, 207–214. 
http://dx.doi.org/10.3920/QAS2015.0589

http://dx.doi.org/10.1016/j.tifs.2015.03.009
http://dx.doi.org/10.1007/s13197-011-0293-4
http://dx.doi.org/10.15446/agron.colomb.v32n2.42764
http://dx.doi.org/10.15446/agron.colomb.v32n2.42764
http://dx.doi.org/10.1016/j.postharvbio.2014.04.003
http://dx.doi.org/10.1016/j.ifset.2013.07.002
http://dx.doi.org/10.1016/j.jfoodeng.2011.09.003
http://dx.doi.org/10.1016/j.jfoodeng.2011.09.003
http://dx.doi.org/10.1007/s10725-015-0101-7
http://dx.doi.org/10.1016/j.appet.2014.04.012
http://dx.doi.org/10.1016/j.appet.2014.04.012
http://dx.doi.org/10.3390/nu6062251
http://dx.doi.org/10.1016/j.scienta.2010.09.001
http://dx.doi.org/10.1016/j.scienta.2010.09.001
http://dx.doi.org/10.1016/j.phytochem.2011.04.018
http://dx.doi.org/10.1016/j.phytochem.2011.04.018
http://dx.doi.org/10.1016/j.foodcont.2014.04.015
http://dx.doi.org/10.1016/j.foodcont.2014.04.015
http://dx.doi.org/10.1021/jf504252n
http://dx.doi.org/10.4315/0362-028X.JFP-16-229
http://dx.doi.org/10.4315/0362-028X.JFP-16-229
http://dx.doi.org/10.1371/journal.pone.0104059
http://dx.doi.org/10.1371/journal.pone.0104059
http://dx.doi.org/10.1016/j.tifs.2015.04.014
http://dx.doi.org/10.1016/j.tifs.2015.04.014
http://dx.doi.org/10.1002/jsfa.v92.4
http://dx.doi.org/10.1007/s11947-012-0930-6
http://dx.doi.org/10.1007/s11947-012-0930-6
http://dx.doi.org/10.1016/j.postharvbio.2013.03.010
http://dx.doi.org/10.1016/j.postharvbio.2013.03.010
http://dx.doi.org/10.13140/2.1.3857.4406
http://dx.doi.org/10.3920/QAS2015.0589
http://dx.doi.org/10.3920/QAS2015.0589


Page 13 of 13

James & Zikankuba, Cogent Food & Agriculture (2017), 3: 1312052
http://dx.doi.org/10.1080/23311932.2017.1312052

Tian, J. Q., Bae, Y. M., Choi, N. Y., Kang, D. H., Heu, S., & Lee, S. Y. 
(2012). Survival and growth of foodborne pathogens in 
minimally processed vegetables at 4 and 15 C. Journal of 
Food Science, 77, M48–M50. 
http://dx.doi.org/10.1111/j.1750-3841.2011.02457.x

Tilahun, B., & Hussen, A. (2014). Assessment of pesticide use, 
practice and risk in gedeo and borena zones; ethiopia. 
International Journal of Environment, 3, 201–209.

Tripathi, A., Sharma, N., Sharma, V., & Alam, A. (2013). A review 
on conventional and non-conventional methods to 
manage post-harvest diseases of perishables. Researcher, 
5, 6–19.

Tzia, C., Tasios, L., Spiliotaki, T., Chranioti, C., & Giannou, V. 
(2016). Edible coatings and films to preserve quality of 
fresh fruits and vegetables handbook of food processing 
(pp. 531–570). CRC Press.

van Jaarsveld, P., Faber, M., van Heerden, I., Wenhold, F., van 
Rensburg, W. J., & van Averbeke, W. (2014). Nutrient 
content of eight African leafy vegetables and their 
potential contribution to dietary reference intakes. 
Journal of Food Composition and Analysis, 33, 77–84. 
http://dx.doi.org/10.1016/j.jfca.2013.11.003

Unnevehr, L. (2015). Food safety in developing countries: 
Moving beyond exports. Global Food Security, 4, 24–29. 
http://dx.doi.org/10.1016/j.gfs.2014.12.001

Unnevehr, L. J., & Ronchi, L. (2014). Food safety and developing 
markets: Research findings and research gaps. 
International Food Policy Research Institute (IFPRI), 1376.

Vaclavik, V. A., & Christian, E. W. (2014). Food preservation 
essentials of food science (pp. 323–342). New York, NY: 
Springer. 
http://dx.doi.org/10.1007/978-1-4614-9138-5

Velickova, E., Winkelhausen, E., Kuzmanova, S., Alves, V. D., & 
Moldão-Martins, M. (2013). Impact of chitosan-beeswax 
edible coatings on the quality of fresh strawberries 
(Fragaria ananassa cv Camarosa) under commercial 
storage conditions. LWT-Food Science and Technology, 52, 
80–92. 
http://dx.doi.org/10.1016/j.lwt.2013.02.004

Villaverde, J. J., Sevilla-Morán, B., Sandín-España, P., López-Goti, 
C., & Alonso-Prados, J. L. (2014). Biopesticides in the 
framework of the European Pesticide Regulation (EC) No. 
1107/2009. Pest Management Science, 70, 2–5. 
http://dx.doi.org/10.1002/ps.2013.70.issue-1

Wadhwa, M., Bakshi, M., & Makkar, H. (2015). Wastes to worth: 
Value added products from fruit and vegetable wastesy. 
CAB International, 1–25. doi:10.1079/PAVSNNR201510043

Wakholi, C., Cho, B.-K., Mo, C., & Kim, M. S. (2015). Current state 
of postharvest fruit and vegetable management in East 
Africa. Journal of Biosystems Engineering, 40, 238–249. 
http://dx.doi.org/10.5307/JBE.2015.40.3.238

Watkins, C. (2014). Pre-and postharvest inhibition of ethylene 
production and action by 1-MCP and the quality of apples 
and other horticultural products. Paper presented at the 
XXIX International Horticultural Congress on Horticulture: 
Sustaining Lives, Livelihoods and Landscapes (IHC2014): 
1120, Brisbane.

Watkins, C. B., & Nock, J. F. (2012). Production guide for storage 
of organic fruits and vegetables.

Wrolstad, R. E., & Culver, C. A. (2012). Alternatives to those 
artificial FD&C food colorants. Annual Review of Food 
Science and Technology, 3, 59–77. 
http://dx.doi.org/10.1146/annurev-food-022811-101118

Xin, Y., Zhang, M., Xu, B., Adhikari, B., & Sun, J. (2015).  Research 
trends in selected blanching pretreatments and quick 
freezing technologies as applied in fruits and vegetables: 
A review. International Journal of Refrigeration, 57, 11–25. 
http://dx.doi.org/10.1016/j.ijrefrig.2015.04.015

Yu, K. C., Yang, J. S., & Tsai, S. M. (2013). An discussion of 
vegetables freezing rates of vacuum cooling and 
refrigerator cooling. Paper presented at the Advanced 
Materials Research.

Zacharia, J. T. (2011). Identity, physical and chemical properties 
of pesticides. Pesticides in the modern world-trends in 
pesticides analysis. (pp. 1–18). Rijeka: Intech Publisher.

Zewter, A., Woldetsadik, K., & Workneh, T. (2012). Effect of 
1-methylcyclopropene, potassium permanganate and 
packaging on quality of banana. African Journal of 
Agricultural Research, 7, 2425–2437.

Zhang, B., Huang, W., Li, J., Zhao, C., Fan, S., Wu, J., & Liu, C. 
(2014). Principles, developments and applications of 
computer vision for external quality inspection of fruits 
and vegetables: A review. Food Research International, 62, 
326–343. http://dx.doi.org/10.1016/j.foodres.2014.03.012

Zhang, W., Jiang, F., & Ou, J. (2011). Global pesticide 
consumption and pollution: With China as a focus. 
Proceedings of the International Academy of Ecology and 
Environmental Sciences, 1, 125–144.

Zhu, X., Shen, L., Fu, D., Si, Z., Wu, B., Chen, W., & Li, X. (2015). 
Effects of the combination treatment of 1-MCP and 
ethylene on the ripening of harvested banana fruit. 
Postharvest Biology and Technology, 107, 23–32. 
http://dx.doi.org/10.1016/j.postharvbio.2015.04.010

© 2017 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.
You are free to: 
Share — copy and redistribute the material in any medium or format  
Adapt — remix, transform, and build upon the material for any purpose, even commercially.
The licensor cannot revoke these freedoms as long as you follow the license terms.

Under the following terms:
Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made.  
You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.  
No additional restrictions  
You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits.

http://dx.doi.org/10.1111/j.1750-3841.2011.02457.x
http://dx.doi.org/10.1111/j.1750-3841.2011.02457.x
http://dx.doi.org/10.1016/j.jfca.2013.11.003
http://dx.doi.org/10.1016/j.jfca.2013.11.003
http://dx.doi.org/10.1016/j.gfs.2014.12.001
http://dx.doi.org/10.1016/j.gfs.2014.12.001
http://dx.doi.org/10.1007/978-1-4614-9138-5
http://dx.doi.org/10.1007/978-1-4614-9138-5
http://dx.doi.org/10.1016/j.lwt.2013.02.004
http://dx.doi.org/10.1016/j.lwt.2013.02.004
http://dx.doi.org/10.1002/ps.2013.70.issue-1
http://dx.doi.org/10.1002/ps.2013.70.issue-1
http://dx.doi.org/10.1079/PAVSNNR201510043
http://dx.doi.org/10.5307/JBE.2015.40.3.238
http://dx.doi.org/10.5307/JBE.2015.40.3.238
http://dx.doi.org/10.1146/annurev-food-022811-101118
http://dx.doi.org/10.1146/annurev-food-022811-101118
http://dx.doi.org/10.1016/j.ijrefrig.2015.04.015
http://dx.doi.org/10.1016/j.ijrefrig.2015.04.015
http://dx.doi.org/10.1016/j.foodres.2014.03.012
http://dx.doi.org/10.1016/j.postharvbio.2015.04.010
http://dx.doi.org/10.1016/j.postharvbio.2015.04.010

	Abstract: 
	1.  Introduction
	2.  Fruits and vegetable nutritive values
	3.  FV quality and safety aspects
	3.1.  Influence of pesticides application on FV safety
	3.2.  Influence of non-chemical alternatives to control pest on FV safety

	4.  Technologies and practices to reduce postharvest losses
	4.1.  Temperature management
	4.1.1.  Heat treatment
	4.1.2.  Low temperature treatment (refrigeration and freezing)

	4.2.  Methods to enhance ripening
	4.2.1.  Ethylene
	4.2.2.  Other ripening chemicals

	4.3.  Methods to delay ripening
	4.3.1.  Calcium application
	4.3.2.  Edible coating
	4.3.3.  1-methylcyclopropene (1-MCP)

	4.4.  Sanitizing chemicals
	4.5.  Minimally processed FV

	5.  Conclusions
	Funding
	References



