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Abstract: Post-harvest losses contribute significantly to food insecurity and affect the nutritional
status and health of populations. This study estimates the waste of fresh fruits in the post-harvest
chain and identifies avoidable causes along the food supply chain to extrapolate good practices
for the empowerment of retailers. A semi-structured questionnaire and a checklist were used in
the administrative units of Yaoundé, Cameroon, from May to June 2017. Fifty fresh fruit retailers
were randomly selected. Information, including socioeconomic profile, handling practices, transport,
and food wastes, was analyzed. Dominant figure in the fruit market are 34-aged women. Despite
significant professional experience, none of retailers received formal training. The perceived main
causes of fruit waste were failure to sell, mechanical damage during transport, and storage conditions.
Inappropriate packaging materials and poor hygiene were also observed, and about 40–50% of fruits
did not reach the consumers’ table. Nutritional education of the general population is crucial in
facing the challenge of fresh fruit waste. The analysis of critical points in the post-harvest fresh fruit
chain highlights good cost-effective practices. Training and empowerment of retailers represent the
main measures to decrease fruit waste, in addition to nutritional training programs for the general
population recommending the daily consumption of fruits for healthy life.

Keywords: food waste; retailers; food transport; sustainability; resource conservation; healthy lifestyle

1. Introduction

Cameroon, as in the case of most sub-Saharan African countries, is currently facing one
of its most serious food crises. According to the World Food Program (2017) [1], the number
of food-insecure households in Cameroon is estimated at around 16% (about 3.9 million
people), of which 1% are in a situation of severe food insecurity. There are many reasons
for this. While food unavailability and inaccessibility are incriminated, food wastage is
rampant. Research reports conducted by Gustavsson et al. (2011) [2] reveal that estimated
annual food quantitative losses and waste in the supply chain represent approximatively
40 to 50% of the world’s fresh products—30% for cereals and 20% for oilseeds, meat, and
milk products. Food losses and waste refer to the decrease in quantity or quality of food
along the food supply chain [3]. In the case of perishable foods such as fruits, waste also
occurs along the post-harvest chain at the retail level due to a wide variety of factors.
Microorganisms and residues of pesticides and other toxic chemicals or organic inputs
that are used to improve crop production can also accelerate the process of post-harvest
losses and lead to population health problems [4,5]. It is recognized that toxic exposures
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may worsen the micronutrient status, e.g., by increasing the nutritional requirements; vice
versa, imbalanced diets and micronutrients deficiencies may increase the vulnerability
to the effects of toxic substances and alter body defense systems [6]. Estimates of post-
harvest losses of fruits and vegetables vary considerably in developed and developing
countries [7]. Low-Income countries experience the greatest post-harvest losses due to
limited tools and insufficiently updated knowledge and skills on fruit production and
postharvest handling practices. Environmental and climatic conditions favorable to the
growth and multiplication of micro-organisms contribute to the high rate of post-harvest
loss of fruits and vegetables in these countries. In some African countries, about 30% of
products are lost, and this figure can rise to 50% for very perishable foods, such as fruits
and vegetables [8]. Kughur et al. (2015) [9] reported 48.5% postharvest loss in Nigeria.
Similarly, Zenebe et al. (2015) [10] reported 45.9% postharvest banana loss in Ethiopia, of
which about 15.7%, 22.1%, and 8.1% were incurred at the farm, wholesale, and retailer
levels, respectively. This rate of post-harvest losses of fruits and vegetables varies from 20
to 40% in Bangladesh [11]. In Cameroon, Kouame et al. (2013) [12] reported 10% and 20%
rates of postharvest loss of amaranths and black nightshades, respectively. Most of these
studies were concerned with estimating the extent of losses without, however, worries of
the causes and consequences on the health of populations.

The consequences of the post-harvest losses are numerous. Post-harvest losses of
fruits contribute significantly to food insecurity and affect the nutritional status and health
of populations due to the qualitative and quantitative reduction of nutrients and presence
of bioactive phytochemical compounds [13,14]. According to epidemiological studies,
low consumption of fruits is associated with an increased risk of chronic health disorders,
such as cardiovascular diseases, hypertension, hypercholesterolemia, osteoporosis, many
cancers, chronic obstructive pulmonary diseases, and respiratory and mental health prob-
lems [15,16]. Considerable efforts have been made by retailers, farmers, and policy makers
to reduce food loss in Cameroon, with resources devoted to planting crops, irrigation,
fertilizer, and pesticides [17]. While these efforts should be renewed and supported, atten-
tion should also be paid to the avoidance of post-harvest losses. Post-harvest fruit losses
represent the waste of human efforts, water, and agriculture inputs, and their reduction is
less costly than increasing the production of foods [18,19]. Minimal effort can make a huge
difference when applied at the right time. Unfortunately, to the best of our knowledge, no
study has been yet carried out to identify the avoidable causes in post-harvest practices on
which effective interventions could qualitatively and quantitatively reduce post-harvest
losses of fruits and vegetables. With the purpose of implementing feasible, effective, and
lasting solutions to food insecurity problems linked to post-harvest losses, this work was
undertaken in Yaoundé, Cameroon, with the objectives of (i) estimating the extent of post-
harvest losses of fresh fruits; (ii) identifying avoidable causes in post-harvest practices; and
(iii) extrapolating good practices for feasible and effective interventions.

2. Materials and Methods
2.1. Study Area

The study was conducted from May to June 2017 (dry season) in the city of Yaoundé.
This city is located in the center region of Cameroon between latitude 3◦47′–3◦56′ N and
longitude 11◦10′–11◦45′ E at an altitude of 750 m covering a total area of 256 km2. The
annual rainfall pattern is bimodal, with an average of 1600 mm, and its average annual
temperature is 24 ◦C. Its position in the South Cameroon plateau between forest and the
Savannah expose it to a subequatorial Guinean climate with an 8-month rainy season
and a 4-month dry season [20]. Yaoundé is subdivided into 7 subdivision municipalities
(Yaoundé I, Yaoundé II, Yaoundé III, Yaoundé IV, Yaoundé V, Yaoundé VI, and Yaoundé
VII) (Figure 1), and its population was estimated to be 1,817,524 in 2012 [20].
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Figure 1. Map of Yaoundé showing the studied subdivisions municipalities. Map by «Système d“Information Géographique»,
Communauté Urbaine de Yaoundé, Cameroon, (2011).

2.2. Sampling Procedures and Data Collection

Fifty perishable fruit retailers selling at least 2 different species of fruits were randomly
selected, and the “snowball” strategy was followed in the 7 administrative units of Yaoundé.
The survey method was explored based on a semi-structured questionnaire and a checklist.
The questionnaire was made up of closed-ended questions. It consisted of two parts:
the first section focused on the retailer’s socioeconomic information, while the second
section regarded postharvest losses (fruit marketing practices, types of products, ways
of handling, packaging and transport, estimation of food waste, and other post-harvest
relevant information). Finally, the questionnaire included some open-ended questions to
eventually gain salient information in the identification of problems faced by retailers and
propose feasible solutions.

2.3. Data Analysis

The data generated from the questionnaire were analyzed using a template before
applying descriptive statistics of frequency and percentage. Frequency distributions were
computed and presented in tables and bar chart graphs. The data were analyzed using
Statistical Package for Social Sciences (SPSS) version 20.0 Armonk, NY: IBM Corp.
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3. Results

Table 1 presents the socioeconomic characteristics of the retailers. Over 74% of the
respondents were less than 50 years old, with an average age of 34 years. Respondents
(68%) had at least 5 years of experience in the fruit trade, with an average of 8–16 years of
experience. Women (92%) appear to dominate the fruit market, while men account for only
8%. While 12% of the 50 respondents did not receive formal education, the vast majority
of them attended primary school, and only 36% attained a level of education higher
than primary school. None of the retailers surveyed received training on post-harvest
fruit management.

Table 1. Socioeconomic characteristics of the retailers (n = 50).

Frequency Percentage Mean

Age (years)

Less than 20 4 8
21–30 12 24
31–40 17 34
41–50 9 18

Above 50 8 16
Mean 34

Gender

Male 4 8
Female 46 92

Education

No formal education 6 12
Primary education 26 52

Secondary education 11 22
Tertiary education 7 14

Experience (years)

Less than 5 16 32
5–10 18 36

Above 10 16 32
Mean 8

Training in fruit management

yes 0 0
no 50 100

Table 2 shows the distribution of fruit species sold by the respondents. At the time of
the study, all respondents had at least two types of fruit on the counter. A total of 15 different
fruit species were listed in the 7 administrative units of Yaoundé during the study period.
Among those 15 species of fruits listed on the market, only 8 had a percentage greater than
50, and we considered those fruits as the most represented. These are pineapples (100%),
watermelons (96%), bananas and limes (90%), oranges (76%), avocadoes (70%), lemons,
(60%) and papayas (52%).

Table 2. Distribution of the fruit species sold by the respondents (n = 50).

Types of Fruits Frequency Percentage

Pineapples 50 100
Watermelons 48 96

Bananas 45 90
Limes 45 90

Oranges 38 76
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Table 2. Cont.

Types of Fruits Frequency Percentage

Avocadoes 35 70
Lemons 30 60
Papayas 26 52
Mangoes 22 44
Apples 16 32
Grapes 16 32

Strawberries 10 20
Pears 6 12

Guavas 2 4
Soursops 2 4

The distribution based on the transportation system is presented in Figure 2. Most of
the retailers (76%) use cars to transport the fruits from the main market to their shop, 24%
of them use motorcycles, and 6% use pickup vans.
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Figure 2. Distribution based on transportation system (n = 50).

According to Figure 3, most of the retailers (36%) use perforated plastic buckets to
pack fruits, while 20% of them use plaited baskets and jute bags for the same operation.
Twelve percent of retailers prefer cartons to pack their fruits.
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Figure 3. Distribution of respondents according to the types of packaging materials (n = 50).

Figure 4 reveals that most of the retailers (80%) receive information on fruit post-
harvest practices from fellow retailers. The majority of retailers (90%) feel that they have
never received information on post-harvest practices through extension agents or tradi-
tional media assets, such as television, radio, or the press. After an average shelf-life at the
retailer level of 1–2 days, post-harvest losses are estimated by retailers at 20% for limes
and lemon and at 50% for papayas. In addition to mangos (40%) and watermelons (40%),
papayas (50%) are among the most perishable fruits according to the 50 participants in this
study (Figure 5).
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Figure 5. Estimation of fruit waste at the retailer level (n = 50).
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Figure 6 shows the causes of post-harvest losses as perceived by the retailers. Most
of the respondents considered that the main causes of fruit waste were failure to sell
(32%), transport from the purchase point to the shops (22%), and storage conditions (18%).
Other causes of post-harvest losses were rot (12%), rodent attacks (10%), insects and other
organisms, poor hygiene (4%), and climatic conditions (2%). Figure 7 shows the estimated
shelf life of fruit exhibited by the retailers prior to sale. For the vast majority (66%) of
retailers, fruit is held for a period of 3 to 5 days before being sold to a third party, whereas
6% of participants held fruit beyond 5 days.

Agriculture 2021, 11, x FOR PEER REVIEW  9 of 14 

 

Figure 6 shows the causes of post‐harvest losses as perceived by the retailers. Most 

of the respondents considered that the main causes of fruit waste were failure to sell (32%), 

transport from the purchase point to the shops (22%), and storage conditions (18%). Other 

causes of post‐harvest losses were rot (12%), rodent attacks (10%), insects and other or‐

ganisms, poor hygiene (4%), and climatic conditions (2%). Figure 7 shows the estimated 

shelf  life of  fruit exhibited by  the  retailers prior  to sale. For  the vast majority  (66%) of 

retailers, fruit is held for a period of 3 to 5 days before being sold to a third party, whereas 

6% of participants held fruit beyond 5 days. 

 

Figure 6. Causes of fruit waste during handling by retailers (n = 50). 

 

Figure 7. Duration of selling fruits by retailers (n = 50). 

4. Discussion 

The average period (8–16 years) of experience indicates that most retailers make the 

trade of fruits their permanent profession. The average age of retailers is the age of active, 

dynamic, and economically  innovative youth, and also the age at which  it  is no  longer 

possible to aspire for a job in the public service (the state is the main employer of young 

people in Cameroon) [21]. In Cameroon, as in sub‐Saharan Africa in general, women dom‐

inate the food trade activities [22,23]. The diversity of fruits sold in the Cameroonian mar‐

kets (Table 2) can be explained by the diversity of climatic conditions and the availability 

0

5

10

15

20

25

30

35

Rodents Difficulties in
seling

Storage
conditions

Climate Poor Hygiene
Conditions

Transportation Rot

P
ro
p
o
rt
io
n
 o
f 
re
sp
o
n
d
e
n
ts
 (
%
)

0

10

20

30

40

50

60

70

1‐3 days 3‐5 days more than5 days

P
ro
p
o
rt
io
n
 o
f 
re
sp
o
n
d
e
n
ts
 (
%
)

Figure 6. Causes of fruit waste during handling by retailers (n = 50).
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Figure 7. Duration of selling fruits by retailers (n = 50).

4. Discussion

The average period (8–16 years) of experience indicates that most retailers make the
trade of fruits their permanent profession. The average age of retailers is the age of active,
dynamic, and economically innovative youth, and also the age at which it is no longer
possible to aspire for a job in the public service (the state is the main employer of young
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people in Cameroon) [21]. In Cameroon, as in sub-Saharan Africa in general, women
dominate the food trade activities [22,23]. The diversity of fruits sold in the Cameroonian
markets (Table 2) can be explained by the diversity of climatic conditions and the avail-
ability of soils that are favorable to the cultivation of many plant species. In particular,
pineapples, watermelons, bananas, and limes are available throughout the year [24]. Fruits
are considered in dietary guidance because of their high concentrations of dietary fiber,
vitamins, minerals, especially electrolytes, and, more recently, because of their concentra-
tion of phytochemicals, especially antioxidants [14–25]. Increasing fruit consumption is
an established health-promoting behavior. Several studies have correlated low intake of
fruits with chronic health disorders (hypertension, osteoporosis, cardiovascular disease,
hypercholesterolemia, cancers, and respiratory and mental health problems [15–25].

The gap in education and training in the management of post-harvest fresh fruits
(Table 1) has a considerable impact on the shelf-life of marketed fruits and fruit waste [26,27].
Large amounts of fruits are rejected because they do not meet the standards of shape,
appearance, color, and size. These amounts of rejected fruits should also be considered
as wasted nutrients; conversely, such stores of nutrients could be consumed by those
without access to a healthy diet that meets their daily requirements of essential vitamins
and minerals [28]. Transport can also significantly contribute to post-harvest losses through
mechanical and physiological damage of the fruit. “Clandos” cars used by the majority
of retailers (Figure 2) are not suitable for transporting fresh fruits because they are not
well ventilated [29]. In addition, the improper loading of fruits in piles or piles of bags
(Figure 8a) can damage the fruits due to the shaking of the vehicle, especially on corrugated
roads [26].

Figure 8. (a) Retailers transport watermelons in Yaoundé, (b) Retailers sell pineapples inside perfo-
rated plastic buckets in Yaoundé, Cameroon, 2020. Photo by Aristide Kamda. “Narrative prevention
project” (www.noodlesonlus.org) © courtesy of Noodles.

The packaging materials used by retailers are cheap and widely available (Figure 3),
and perforated plastic buckets are the most commonly used form (Figure 8b). However,
these packaging materials have several disadvantages: the sides are sharp, they are too
deep, and they both bruise the product and cause it to be jarred and/or compressed [30,31].
The use of bags is inappropriate because they do not prevent mechanical degradation
during falls. In addition, the interiors of bags heat up due to congestion and metabolic
reactions. These conditions result in accelerated mechanical damage and fruit attacks by mi-
croorganisms [30–32]. As previously suggested in other studies, unrecognized/overlooked
real-life bad practices can be highlighted by “narrative prevention”, i.e., direct observation
of the field or self-reports [33]. Yahaya and Mardiyya (2019) [19] reported that in order to
effectively increase the shelf-life of fruits, some cheap packaging techniques and materials
such as polyethylene films, paper board boxes lined with polyethylene, and other materials
may be of valuable importance and provide good protection for the fruit against dry air
and microorganisms. For the same purpose, the use of appropriate chemicals substances
(e.g., fungicide, gibberellic acid, and maleic hydrazide) and physical procedures (e.g.,

www.noodlesonlus.org
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ionizing radiation, and in-package desiccants) during the post-harvest stage may extend
the shelf-life of the product and make it available over a long period of time by protecting
it from attacks by pathogens and other environmental damage [19–27]. Noticeably, the
adoption of chemical solutions must undergo proper risk assessment and good practices.
The use of chemicals and food contact materials must be authorized (doses, frequency, and
instructions for sustainable use) based on risk assessment for the consumer, the operator,
and the environment. Moreover, consumers must be educated on the importance of deep
washing with clean water before consumption to protect their health and the health of
their community, as well as on good practices for plastic waste collection. Eco-friendlier
solutions are feasible. Plant extracts could be a useful alternative to synthetic fungicides,
bactericides, and virucides in the post-harvest handling of fruits to prevent fungal, bacteria,
or viral infections by pathogenic microorganisms [33,34]. Fruits passed through water
emulsified with mustard oil often have an increased shelf life [35,36]. The main importance
of wax coating here is to reduce evaporation and respiration [19]. Various types of fruit
coating materials (e.g., polysaccharide-, protein-, lipid-, and composite-based coatings) are
available for major fruits, such as bananas, mangos, pineapples and avocadoes, to extend
their shelf life and slow down food decay by retarding ripening, dehydration, microbial in-
vasion, and growth. These are reported to effectively extend the post-harvest life, minimize
water loss, reduce chilling injuries and fight against post-harvest disease [37]. Jung et al.
(2000) [38] developed an egg-sourced albumin coating reinforced with nanocrystalline
cellulose that can be made from waste materials. When coated onto bananas, avocadoes,
papayas, and strawberries, the shelf-life was extended by a week, with reduced external
browning and internal ripening. The coatings are safe to ingest but are also easily removed
through washing [38]. Unfortunately, the present study did not directly cover the effects
of distance on fruit quality. In order to reduce post-harvest losses due to transport, fruits
must be packed and stacked in well-ventilated containers. Roads should be well laid out
to avoid jolts and vibrations, and transport must be carried out during cool times of the
day [7,19]. Roads and distance to the place of supply can have a significant impact on fruit
losses and wastes [39]. Vibrations resulting from transport transfer ripples and irregular-
ities onto products, thereby greatly contributing to post-harvest losses [40]. Mechanical
damage increases the likelihood of spoilage because pathogens enter through wounds.
Transport conditions and storage were cited by Mashau et al. (2012) [41] as main causes of
post-harvest fruit losses and wastes in Limpopo Province, South Africa. Poor fruit storage
conditions lead to cross-contamination. Proper facilities like refrigerated storage containers
for fruits are often not available or inadequate. According to Hassan et al. (2010) [42], the
lack of refrigeration and cold rooms is the most influential factor in big postharvest losses
experienced in low income countries.

Spoilage and physical injury (Figure 6) are common problems of fruit vendors in
sub-Sahara Africa [43–45]. The acceleration of fruit decay once in the market is explained
by an increase in ethylene production due to multiple traumas experienced by fruit during
transport, handling, and storage [46]. This can also be explained by high temperatures
that accelerate metabolism and cellular respiration [47]. Due to the very high metabolic
activity, fruits have a very short shelf life, which causes high post-harvest losses. Regarding
hygiene, rodent control and strict maintenance of care should be maintained at a high
standard in commercial areas. Bacteria (Salmonella spp., Campylobacter spp., Escherichia coli,
and Listeria monocytogenes), viruses (noroviruses), and parasites (Angiostrongylus, Ascaris,
Echinostomes, and Taenia solium) attack fruits such as papayas, watermelons, mangos, and
bananas because of their nutritional composition, their high moisture content, and their pH
favorable to bacterial infection [48]. The action of these organisms alters the quality of fruits
and leads to the loss of its economic, social, and nutritional value, with a significant impact
on the environment, the nutritional status, and the health of the population [17]. Ingestion
of these organisms and/or their toxins may also cause serious diseases in humans, such as
diarrheal diseases (Campylobacter spp.), salmonellosis (Salmonella spp.), Entamoeba histolytica
infection, and hepatitis (hepatitis A) [16,36]. On the other hands, lemon and limes, which
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are acidic fruits, are more resistant to the action of bacteria (Figure 5). The estimated
extent of post-harvest losses of perishable fruits held by retailers in Yaoundé, Cameroon,
ranges from 20% to 50% during the dry season (Figure 5) after an average shelf-life at
the retailer level of 1–2 days (Figure 7). During this holding time, fruits are exposed to
weather (sun and rain), dust, and other environmental factors, causing changes in texture,
aroma, flavor, and deterioration [49]. In general, high temperatures during the dry season
have a negative impact on the shelf life of fruits, as most factors that destroy or reduce the
quality of the product occur more quickly as the temperature increases [13]. During the
rainy season, characterized by high rainfall, high relative humidity, and relatively high
temperatures, post-harvest losses of fruits are more important. These losses are caused by
the development of molds, the acceleration of decay, and the degradation of roads [50].
With all of these constraints, it is necessary for the nutrition programs set up by NGOs and
public authorities to bring together all possible forms of approaches across the entire value
chain that contribute to reducing the level of losses that occur during and post harvesting of
fruits and all food crops. It is essential for the authorities and all stakeholders in the chain
of production, conservation, and distribution to develop actions aimed at mitigating the
impact of climate conditions; improve the state of roads; and reduce the level of exposure
of fruits to biological, chemical, or physical contaminants.

Muhammad et al. (2012) [29] report that retailers lack general knowledge of posthar-
vest handling despite their years of experience, and that this could be responsible for the
huge waste of fruits (and vegetables) in sub-Saharan Africa. Only scant information reaches
retailers from community relays, media, social networks, videos, pamphlets, and govern-
ment communications. The main sources of information are fellow retailers (Figure 4) and,
word of mouth, and this testifies to the solidarity among retailers, who in Cameroon, are
organized in the “Association des Bayam-selam” (ASBY), Yaoundé, Cameroon, established
in 2004 in spite of the insufficient training and education offered by government bodies.
This is confirmed by the consistency of information from the different administrative units
of the city. Finally, yet importantly, fruit waste is closely linked to consumers’ competences
regarding a healthy diet. Most retailers mentioned failure to sell fruits, thus confirming the
poor awareness of consumers regarding the healthy value of fruit. Despite their low cost
and easy access, the daily consumer demand of fresh fruits is low.

5. Conclusions

The post-harvest losses of fruits in the city of Yaoundé are caused by the state of the
roads, failure to sell, storage conditions, poor hygiene, the transportation system, and
the nature of inappropriate packaging materials of fruits. Despite it not being directly
investigated in the present study, transport distance should also feature among factors
possibly affecting fresh fruit quality. This study highlights how strategies to reduce food
waste may include price reductions, donation practices, and consumption by sellers. No-
tably, the analysis of critical points in the fresh fruit chain highlights the roles of (1) good
practices for retailers to improve fruit shelf-life and decrease losses, and (2) the dietary
habits of the consumers. On this basis, future training and research efforts should focus
on (i) the training and empowerment of retailers and their associations with good prac-
tices, and (ii) research partnerships with nutritional training programs to simultaneously
support retailers, improve food and nutrition security, and promote the health of the
general population.
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20. Moffo, M.O.Z.; Tsalefac, M.; Iaţu, C. Floods risks in the Mfoundi upstream drainage basin in Yaoundé: A response to climatic
modifications or to human impacts? Present Environ. Sustain. Dev. Rev. 2011, 5, 33–44.

21. Ngah Ngah, S.; Kingue, S.; Ndi, M.P.P.; Bela, A.C. Understanding the Labour Market of Human Resources for Health in Cameroon;
World Health Organization: Geneva, Switzerland, 2013; 27p.

www.noodlesonlus.org
http://doi.org/ 10.3390/agriculture5030389
http://doi.org/ 10.1016/j.fct.2020.111789
http://www.ncbi.nlm.nih.gov/pubmed/33011353
http://doi.org/ 10.17660/ActaHortic.2005.682.296
http://doi.org/ 10.21273/HORTSCI.38.5.1004
http://doi.org/ 10.1088/1757-899X/206/1/012040
http://doi.org/ 10.1093/fqsafe/fyy022


Agriculture 2021, 11, 89 12 of 12

22. Kanmegne, J.; Oyono Belinga, J.M.; Degrande, A.; Tchoundjeu, Z.; Tiki Manga, T. Gender analysis in the commercialisation of
Gnetum africanum/buchholzianum in the Lékié division in Cameroon. J. Food Agric. Environ. 2007, 5, 243–247.

23. Adeoye, I.B.; Odeleye, O.M.O.; Babalola, S.O.; Afolayan, S.O. Economic analysis of tomato losses in Ibadan metropolis, Oyo state,
Nigeria. Afr. J. Basic Appl. Sci. 2009, 1, 87–92.

24. FAO/ITC/CTA. World Markets for Organic Fruit and Vegetables—Opportunities for Developing Countries in the Production and Export
of Organic Horticultural Products; FAO/ITC/CTA: Rome, Italy, 2001; Available online: http://www.fao.org/3/y1669e/y1669e0i.
htm#bm18 (accessed on 19 January 2021).

25. Payne, M.E.; Steck, S.E.; George, R.R.; Steffens, D.C. Fruit, Vegetable, and Antioxidant Intakes Are Lower in Older Adults with
Depression. J. Acad. Nutr. Diet. 2012, 112, 2022–2027. [CrossRef]

26. Kereth, G.A.; Lyimo, M.; Mbwana, H.A.; Mongi, R.J.; Ruhembe, C.C. Assessment of Post-harvest handling practices: Knowledge
and losses of fruits in Bagamoyo District of Tanzania. Food Sci. Qual. Manag. 2013, 6088, 8–16.

27. Hailu, G.; Derbew, B. Extent, Causes and Reduction Strategies of Postharvest Losses of Fresh Fruits and Vegetables—A Review. J.
Biol. Agric. Healthc. 2015, 5, 49–64.

28. Dhandevi, P.E.M.; Rajesh, J.E.E.W.O.N. Fruit and Vegetable intake: Benefice and Progress on Nutrition—Education Interventions—
Narrative Review Article. Iran J. Public Health 2015, 44, 1309–1321.

29. Muhammad, R.H.; Hionu, G.C.; Olayemi, F.F. Assessment of the post-harvest knowledge of fruits and vegetable farmers in Garun
Mallam, L.G.A. of Kano, Nigeria. Int. J. Dev. Sustain. 2012, 1, 510–515.

30. Assi, M.N. Post-Harvest losses of tomatoes and eggplants produced for local market in Jordan. J. King Saud Univ. Agricu. Sci.
2004, 17, 37–46.

31. Kader, A.A.; Rolle, R.S. The Role of Post-Harvest Management in Assuring the Quality and Safety of Horticultural Produce; Food and
Agriculture Organization of the United Nations: Rome, Italy, 2004; pp. 152.

32. Gupta, N.; Jain, S.K. Storage Behavior of Mango as Affected by Post Harvest Application of Plant Extracts and Storage Conditions.
J. Food Sci. Technol. 2014, 51, 499–507. [CrossRef]

33. Frazzoli, C. Toxicological risk analysis in data poor countries: A narrative approach to feed an “awareness raising—Community
empowerment vortex. Medicina 2020, 56, 629. [CrossRef] [PubMed]

34. Marutescu, L.; Popa, M.; Saviuc, C.; Lazar, V.; Chifiriuc, M. Botanical pesticides with virucidal, bactericidal, and fungicidal
activity. N. Pestic. Soil Sensors 2017, 2017, 311–335.

35. Alao, S.E.L. The Importance of Post-Harvest Loss Prevention. Ph.D. Thesis, Nigerian Stored Products Research Institute, Kano,
Nigeria, 2000; pp. 1–10.

36. Elias, S.N.K.; Shaw, M.W.; Dewey, F.M. Persistent symptomless, systemic and seed-borne infection of lettuce by Botrytis cinerea.
Eur. J. Plant Pathol. 2010, 126, 61–71. [CrossRef]

37. Nor, S.M.; Ding, P. Trends and Advances in Edible Biopolymer Coating for Tropical Fruit: A Review. Food Res. Int. 2020, 134,
109208. [CrossRef] [PubMed]

38. Jung, S.; Cui, Y.; Barnes, M.; Satam, C.; Zhang, S.; Chowdhury, R.A. Multifunctional bio-nanocomposite coatings for perishable
fruits. Adv. Mater. 2020, 32. [CrossRef]

39. Debela, A.; Daba, G.; Bane, D.; Tolessa, K. Identification of major causes of postharvest losses among selected fruits in Jimma
zone for proffering veritable solutions. Int. J. Curr. Res. 2011, 3, 40–43.

40. Devkota, A.R.; Dhakal, D.D.; Gautam, D.M.; Dutta, J.P. Assessment of fruit and vegetable losses at major wholesale markets in
Nepal. Int. J. Appl. Sci. Biotechnol. 2014, 2, 559–562. [CrossRef]

41. Mashau, M.E.; Moyane, J.N.; Jideani, I.A. Assessment of post-harvest losses of fruits at Tshakhuma fruit market in Limpopo
Province, South Africa. Afr. J. Agric. Res. 2012, 7, 4145–4150. [CrossRef]

42. Hassan, M.d.K.; Lal Das Chowdhury, B.; Akhter, N. Post Harvest Loss Assessment: A Study to Formulate Policy for Loss Reduction
of Fruits and Vegetables and Socioeconomic Uplift of the Stakeholders; PR #8/08; Bangladesh Agricultural University: Mymensingh,
Bangladesh, 2010; 188p.

43. Hayatu, M. Post-Harvest Physiological Studies of Some Selected Members of Family Solanaceae. Master’s Thesis, Department of
Biological Sciences, Bayero University, Kano, Nigeria, 2000; pp. 2–25.

44. Sani, M.Y.; Alao, S.E.L. Assessment of post-harvest fungi of Tomato (Lycopersicon esculentum) and Pepper (Capsicum annum) from
selected irrigated areas of Kano State. J. Biosci. 2006, 2, 53–56.

45. Kuyu, C.G.; Tola, Y.B. Assessment of Banana Fruit Handling Practices and Associated Fungal Pathogens in Jimma Town Market,
Southwest Ethiopia. Food Sci. Nutr. 2018, 6, 609–616. [CrossRef]

46. FAO. Prevention of Post-Harvest Food Losses Fruits, Vegetables and Root Crops aTraining Manual; Food and Agriculture Organization
of the United Nations: Rome, Italy, 1989; ISBN 92-5-102766-8.

47. Saltveit, M.E. Respiratory Metabolism; United States, Department of Agriculture: Washington, DC, USA, 2004.
48. FAO. Directives sur la Mesure des Pertes Post-Production Recommandations sur la Conception D’un Système Statistique de Calcul des

Pertes à la Récolte et Après Récolte de Grains Vivriers (Céréales et Légumes Secs); Food and Agriculture Organization of the United
Nations: Rome, Italy, 2018; 140p.

49. Yahia, E.M. Controlled atmospheres for tropical fruits. The current status and future application of modified and controlled
atmospheres for Horticultural Commodities. Stewart Postharvest Rev. 2006, 5, 1–10.

50. Blakeney, M. Food Loss and Food Waste: Causes and Solutions; Edward Elgar Publishing Limited: Cheltenham, UK, 2019; 224p.

http://www.fao.org/3/y1669e/y1669e0i.htm#bm18
http://www.fao.org/3/y1669e/y1669e0i.htm#bm18
http://doi.org/ 10.1016/j.jand.2012.08.026
http://doi.org/ 10.1007/s13197-012-0774-0
http://doi.org/ 10.3390/medicina56110629
http://www.ncbi.nlm.nih.gov/pubmed/33233639
http://doi.org/ 10.1007/s10658-009-9524-1
http://doi.org/ 10.1016/j.foodres.2020.109208
http://www.ncbi.nlm.nih.gov/pubmed/32517939
http://doi.org/ 10.1002/adma.201908291
http://doi.org/ 10.3126/ijasbt.v2i4.11551
http://doi.org/ 10.5897/AJAR12.392
http://doi.org/ 10.1002/fsn3.591

	Introduction 
	Materials and Methods 
	Study Area 
	Sampling Procedures and Data Collection 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

