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Abstract

Food production and processing in developing countries generate high levels of waste and byproducts,
causing a negative environmental impact and significant expenses. Conversion of these food wastes and
by-products into value added products is very important for not only economic aspect but also social and
environmental sides. 3R’s concept, i.e., Reduce, Reuse, and Recycle should be follow to overcome food
waste issue in food industry. However, these biomaterials have ample potential for generating food
additives which in turn will minimize malnutrition and hunger in the developing countries where it is
produced. Many of these biomaterials are a source of valuable compounds such as proteins, lipids, starch,
micronutrients, bioactive compounds, and dietary fibers. In this context, the use of these biomaterials is a
challenge and provides great opportunity to improve food security. The purpose of this review is to
project the potential of food waste and byproducts as a sustainable alternative to reduce malnutrition and
hunger in developing countries.
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Introduction
Agricultural production and agro-industrial processing generate a high amount of byproducts
and waste. Fruit byproducts such as bagasse, peels, trimmings, stems, shells, bran, and seeds
account for more than 50% of fresh fruit and have at times a nutritional or functional content
higher than the final product (Ayala et al., 2011) Bl Fruit and food waste is also generated by
damage during transportation, storage, and processing. The growing popularity of fruit juices,
nectars, frozen and minimally processed products has also increased the production of
byproducts and wastes in recent years. Social impacts may be attributed to an ethical and
moral dimension within the general concept of global food security since 805 million people
across the globe suffer from hunger (FAO, 2014) 11, To manage the nutritional problems of
today's society; we require more composite nutritional sources. Food wastes and byproducts
are of paramount importance here due to the presence of sufficient quantities of proteins,
lipids, starch, micronutrients, bioactive compounds, and dietary fibers. Protein deficiency and
associated malnutrition is one of the serious problems in most of the developing countries
(Miiller and Krawinkel, 2005) 8. Food fortification serves as a crucial strategy to fight
malnutrition and important initiatives have been undertaken to utilize residues and byproducts
in Europe and USA (Mirabella et al., 2014; Girotto et al., 2015) ¢ 231, Poorer nations where
the problems of malnutrition and hunger exists at a higher level, there is a greater potential of
exploitation of these biomaterials as they generate large quantities of byproducts. The main
raw materials used in the industries in such countries are fruits, vegetables, dairy products and
fish. Tropical and subtropical fruits like mango, pineapple, banana, grape, and citrus are
important fruits used in processing in poor countries (Schieber et al., 2002) 1,
The utilization of residues and byproducts generated in the poor regions of the world for the
formulation of novel foods will directly benefit the local communities. Food and beverage
production is an industry with the main raw materials generally obtained from plant and
animal sources and the industry has always aimed to convert these raw materials to a value
added products. During this conversion processes, voluminous and serious amounts of food
wastes and by-products are generated. Unfortunately, one-third of the global food production
is wasted worldwide every year (Gustavsson et al., 2011) 281, Vandermeersch et al. (2014) I
explained the effects of such a high amount of food waste generation considering there
different approaches, for instance crop losses during harvest or storage (economic), hunger in
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Low-income countries (social), and the deprivation of natural
resources without accomplishing its final purpose
(environmental). FAO (2016) reported seriously worrisome
findings about food wastes, for example every year,
consumers in rich countries waste almost as much food (222
million tonnes) as the entire net food production of sub-
Saharan Africa (230 million tonnes). Memon (2010) B4
suggested 3R’s concept, i.e., Reduce, Reuse, and Recycle to
overcome food waste issue throughout the world. Value-
added product generation can benefit infrastructure
development, transportation, food processing, and packaging
industries. This contributes to the reduction in waste
accumulation and results in significant financial benefits.
Tropical fruits, dairy, and fish are an important commercial
food and crop enterprise, which plays an important role in the
socio-economic development of rural and urban populations
in countries in Africa, Asia, and America.
That’s why waste management systems also begins with
waste minimization. Riemer and Kristoffersen (1999) 3l
suggested four ways to achieve perfect waste minimization in
the industry as follow;
1. Waste prevention with using more efficient production
technologies
2. Internal recycling of production waste
3. Source-oriented improvement of waste quality
4. Reuse of products. A number of by-products are also
somewhat discarded in food industry without any process
although they can be used to produce valuable products.
In this review, the methods that have been generally
preferred to convert by products to value added products
are investigated.
Proper use of food waste and byproducts as raw materials or
food additives, could generate economic gains for the
industry, contribute to reducing nutritional problems, would
produce beneficial health effects and would reduce the
environmental implications that generate mismanagement of
waste. Presently, the industries are interested in innovations
S0 as to obtain zero waste, where the waste generated is used
as raw material for new products and applications. These
actions can directly impact the Millennium Development
Goals, the upcoming Sustainable Development Goals, the
Post 2015 Agenda and the Zero Hunger Challenge. In this
context, the main goal of this review article is to present the
potential of food waste and byproducts as a sustainable
alternative to reduce malnutrition and hunger in developing
countries. The following examples have been chosen as being
a contrasting set of materials for which much information is
available and for which clear improvements and opportunities
are envisaged.

1. Food Waste and By-Product Conversion

1.1 Thermal Conversion

The thermal conversion of food by-products or waste
especially solid form bases on production of fuel and
chemicals that are generally used to operate steam turbines for
energy production or for heat exchangers used to heat up
process streams in industry [/l Hydrothermal carbonization is
a wet process that converts food wastes to a valuable,
energyrich resource under autogenous pressures and relatively
low temperature (180-350 °C) compared to pyrolysis (Pham
et al., 2015) M1, Parshetti et al. (2014) B used hydrothermal
carbonization method to prepare hydrochars from urban food
wastes for removal of textile dyes from contaminated water.
The basic thermal conversion processes are pyrolysis and
hydrothermal carbonization. Food wastes are burned at

temperatures less than 450°C and become gaseous at
temperatures above 800 °C during pyrolysis.

1.2 Chemical Conversion

In food processing industry, hydrolysis and oxidation
reactions are mostly used as chemical conversion methods for
food wastes and by-products. Valuable parts of food wastes
and by-products can be also extracted by green extraction
techniques where water is mostly preferred as extraction
medium instead of organic solvent extraction. Barba et al.
(2016) 1 reviewed in detail alternative extraction methods
such as pulsed electric fields, high voltage electrical
discharges, pulsed ohmic heating, ultrasounds, microwave-
assisted extractions, sub- and supercritical fluid extractions, as
well as pressurized liquid extraction for the recovery of
antioxidant bioactive compounds from winery wastes and by-
products. Zungur et al. (2016) B4 was also used water to
extract melon seed milk from melon seeds that generally
referred as waste. Amado et al. (2014) ™ tried to extract
antioxidant from potato peel waste with ethanol. They
investigated the effect of extraction process conditions in
terms of temperature, time and ethanol concentration on
antioxidant extraction from potato peel. Goula & Lazarides
(2015) 1 reported how valorized the olive mill and
pomegranate waste. They suggested different approaches for
complete utilization of pomegranate seeds and peels based on
ultrasound-assisted extraction of oil and phenolics from seeds
and peels and conversion of olive mill waste into live paste
spread or olive powder (to be included in food formulations)
and encapsulated polyphenols.

1.3 Biological Conversion

Energy and bioactive compounds recovery from food wastes
and by-products through biological treatment is currently
gaining increased interest throughout the world. Food waste
has a high content of moisture and organic matter, and thus is
an ideal substrate for anaerobic digestion. The process of
anaerobic digestion consists of four steps: hydrolysis,
acidogenesis, acetogenesis, and methanogenesis. PH,
temperature, and organic loading rate have an effect on the
acidogenesis of food waste (Jiang et al., 2013) [,
Chandrasekaran (2012) 2 reported that anaerobic digestion
created biogas, primarily made of methane and carbon
dioxide, which could be used as a source of energy similar to
natural gas. Besides anaerobic digestion, composting of food
wastes and by-products is also one of biological conversion
method. Composting is a biological process in which organic
materials are broken down and nutrients and minerals are
released.

2. By-Products and Wastes of Fruit Processing

2.1 Mango

Mango (Mangifera indica L.) which belongs to the
family Anacardiaceae, is grown naturally or mainly cultivated
in tropical and subtropical regions. Mango is one of the most
important fruits in the world, thanks to its delicious flavor,
attractive fragrance, beautiful color, and nutritional value
(Ibarra et al., 2015) [?81, 5o it enjoys the status of “the king of
fruits.” India, China, Thailand, Mexico, Indonesia, and
Pakistan are the main producing countries at the world level.
Asia is the main continent in mango production (75.6%),
followed by America (13.3%) and Africa (11%) (FAOSTAT,
2017) 221, Moreover, to know in detail about the chemical
characterization of mango peel, it is advisable to read a
complete review article written by Serna-Cock et al. (2016)
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1461, This review document will present some basic aspects of
the main nutritional components and their possible
applications. The mango peels have high levels of soluble
dietary fiber (Serna-Cock et al., 2016) 61, Dietary fiber is an
important additive for the formulation of functional foods. As
also shown in Table 1, the dietary fiber composition of mango
peel ranges from 51.2 to 78.4%. Dietary fibers are non-
digestible carbohydrates present in plants and considered as
an important component of the healthy human diet (Juarez
Garcia et al., 2006) 3%,

2.2 Banana

Banana is a fruit that is widely grown around the world;
which is mostly found in places with the tropical and
subtropical weather. This fruit belongs to
the Musaceae family. Bananas are native to Southeast Asia
and are cultivated in over 130 countries (Mohapatra et al.,
2010) B7. The edible part of the fruit represents only 12% of
the plant's total weight, generating a large amount of agro-
industrial waste such as peel which is mostly used for
industrial processes for the production of new products (chips,
dried pulps, jams, wine, beer, and sauces). Banana peels
represent 30-40% of the total weight of the fruit (Bankar et
al., 2010; Babbar et al., 2011) & 4. After the processing of
bananas, a large amount of peel is collected and treated like
garbage since it is considered as a fruit waste. These residues
represent a serious pollution problem as it is dispersed in the
planting area or burned.

A large number of applications for these byproduct are
reported in literature (Bankar et al., 2010) B! banana peels can
be used to feed on cattle and poultry, as fertilizer, for the
production of ethanol and biogas, for extraction of banana oil
(Mohapatra et al., 2010) F7, as adsorbent for heavy metal
removal in water purification systems, for the production of
proteins, for the production of biomass for conversion into
energy (Bankar et al., 2010; Gonzalez Montelongo et al.,
2010) B 241 and for developing neutraceuticals because if its
antioxidant properties (Babbar et al., 2011) . The potential
applications of banana peels depend principally on their
chemical composition (Pelissari et al., 2014) 1%, Ripening in
bananas is an important aspect, which influences the
compounds present in the peel since it has been reported that
when the fruit ripens, the starch and hemicellulose content is
reduced. This is believed to be due to the activity of
endogenous enzymes, increasing the number of soluble sugars
such as glucose, fructose, and sucrose, as well as proteins and
lipids (Happi Emaga et al., 2007; Mohapatra et al., 2010) 7
37]

2.3 Grape

Grape is a fruit which is nutritious and having an impact on
the economic status of the producing countries. These fruits
are used as table grapes, raisins, and juices and also used for
wine production. The consumption of table grapes and wine
has numerous nutritional and health benefits for humans
because of the presence of antioxidant polyphenols such as
resveratrol. According to FAO (2013) 2, annual global
production of grapes is over 21.9 million tons. Derived from
its diversified consumption, grape is characterized by its high
economic value, and currently, 31% of the world production
is destined for the fresh market; 67% to the elaboration of
wine and other alcoholic beverages; and 2% is processed as
dry fruit.

Grape is a fruit of extensively researched because of the
health benefits in many respects. Grapes are an excellent

source of manganese and a good source of vitamins BS6,
thiamine (vitamin B1), potassium, and vitamin C (Kammerer
et al., 2004; Corrales et al., 2009) % 1€l In addition, grapes
are one of the richest sources of bioactive compounds such as
phenolic acids, flavonoids, anthocyanins, and
proanthocyanidins. These compounds are responsible for the
color and smell of grapes and are found mainly in the skin of
the grape. Grape seed is another byproduct that is generated in
most of the wine industries and it represents a maximum of 5
to 6% by weight with respect to the grape bunch. The ail
obtained from grape seed is characterized by its richness in
linoleic acid (60-70%), as well as in tocopherols, which
hinder their oxidation. Grape seed oil also has important
dietary properties which benefit human health, for preventing
the formation of atheromatous lesions, and also for reducing
cholesterol and lipidemia (Cao and Ito, 2003; Maier et al.,
2009) 1% 38 |t is being widely used for non-food sectors
including cosmetic industry for the manufacture of soaps or
even lipoquimia for the production of fatty acids. Seeds are
also rich in proanthocyanidins (catechin polymers) or
procyanidolic oligomers (OPC) which are having the property
of assuring certain vascular protection and a partial
cholesterol scavenging action (Cao and Ito, 2003; Maier et al.,
2009) L. 331,

2.4 Citrus Fruits

Citrus fruits are a family of widely consumed fruits
worldwide. They have their origin in Southwest Asia and are
currently distributed mainly in countries with warm and
temperate climates, at temperatures ranging between 23 and
34°C (Amaro et al., 2015; Micheloud et al., 2016) > %I,
Tropical and subtropical countries such as China (21%),
Brazil (18%), India (6%), and Mexico (4.6%) are some of the
main producers. Vitamin C is another characteristic
component of this fruit family. This is an abundant nutrient in
citrus, which is a widely used antioxidant. In addition to these
major compounds, we can also find a lot of fiber and minerals
like potassium, calcium and magnesium (Rezzadori et al.,
2012) 2, Global production and consumption of citrus fruits
have recorded strong growth since the mid-1980s. an recent
years citrus residues have been shown to contain a high
amount of polyphenols such as phenolic acids and flavonoids,
mainly poly methoxy flavones, flavanones, and glycosylated
flavanones (Dominguez, 2016; Sormoli and Langrish, 2016)
117, 471 Although flavonoids are generally considered to be
non-nutritive agents, the interest in flavonoids has been found
to be associated with increased interest in drug research to
combat multiple serious chronic diseases (Roussos,
2011; Chen et al., 2017) 1. Furthermore, Tomato residues are
a good source of bioactive molecules, especially carotenoids,
such as B-carotene and lycopene, which confers not only high
nutritional value but also beneficial health properties, due to
their high antioxidant content. They also contain proteins,
sugars, waxes, ois, lycopene, B-carotene fiber, and seed oil
(Colle et al., 2010) 1251,

2.5. Tomato

Tomato has a very important social importance, since a
considerable part of the economically active population is
directly or indirectly related to tomato cultivation. It has a low
caloric value of 17 kcal/100 g and is characterized by a high-
water content (90-94%), an important content of soluble
sugars (fructose, glucose, and sucrose), lower proportion of
proteins, fiber, and organic acids (citric and malic) and a
significant contribution of vitamins (A and C), carotenoids
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and mineral elements. The fruit produced by this plant is an
oval, round or peripheral berry. There are three ways to
classify the tomato, according to its shape, maturity, and
color. According to their shape, there are five types, from
smallest to largest: cherry, saladette, pear type, standard ball,
and large ball. Lycopene is the primary pigment responsible
for the red color in tomatoes (Borel et al., 2015) [, It
comprises approximately 80-90% of the pigments present
(Basuny, 2012) UL 1t is structurally different from carotene
(Campos et al., 2017) [%. Unlike B -carotene, lycopene is not
a precursor of vitamin A (Zeng et al., 2015) 5%, Lycopene has
a high antioxidant power against singlet oxygen (*O;) and

high free radical scavenging ability (Boyacioglu et al., 2016)
9

3. Anti-nutritional Factors of Food and Waste Product
The waste byproducts are a good source of protein,
carbohydrates, vitamins, and minerals. However, the use of
these products is limited in the food industry mainly due to
the content of anti-nutritional factors (ANF) such as
condensed tannins, saponins, trypsin inhibitors, phytates,
isoflavonoids, among others (Ee and Yates, 2013; Tresina et
al., 2017) [18 48 ANF are substances that are generated by the
secondary metabolism of plants to protect themselves from
predators. ANFs reduce the nutritional value of foods in
which they are present by interfering with the digestibility and
bio availability of proteins, carbohydrates, and minerals, with
which they bind. ANF can be divided into two groups:
thermolabile and thermostable. Among the thermolabile are
protease inhibitors, amylases inhibitors, D, E and Bi
antivitamins; and among the thermostable are the saponins,
cyanogens, phytates, alkaloids, oligosaccharides, and tannins
(Elizalde et al., 2009) 91, Among the biological treatments,
fermentation has been identified as one of the processes with
greater efficiency because the ANF has been reduced and the
digestibility of the protein has been increased substantially by
this process. Microorganisms most used here are lactic acid
bacteria (LAB) and filamentous fungi of the
genus Aspergillus and Rhizopus. One of the special
characteristics of these microorganisms is that they are
recognized as safe (GRAS) since they are not producers of
mycotoxins. During fermentation, lactic acid bacteria play an
important role in the reduction of ANFs due to its capacity to
produce enzymes. There are some experiments done using
filamentous fungi under solid state fermentation processes
(SSF). Londofio et al. (2016) 3, used the strain Rhizopus
oryzae (MUCL 28168) in an SSF process using sorghum as
substrate an under optimized conditions of temperature 32.97°
C, air velocity 84.11 mm 3 min-1, wheat bran 1.16% and
particle size 0.82 mm, a reduction of about 86% of condensed
tannins was achieved. Soybean is a legume with highest
protein value, however, its FAN content is very high. Many
research studies have focused on reducing these
compounds. Chen et al. (2014) 13, used the strain Aspergillus
oryzae (ATCC, 9362) in an SSF on soy meal to reduce phytic
acid. At 50°C 41% moisture and inoculum size of 1.7 mL,
57% phytic acid was degraded. Likewise, the protein content
was increased by 9.5%.

Conclusion

Food wastes are one of worrisome issue for people and
environment. That’s why valorization of food wastes and by-
products is very important due to social, economic and
environmental reasons. Food wastes and by-products can be
converting into valuable products through thermal, chemical

and biological methods. The appropriate conversion method is
selected with respect to composition of food wastes and by-
products and the aim of recovery process. With the nutritional
problems facing society today (hunger indicators and the
growing world population), the use of food waste for human
food should be a priority. Wastes and byproducts produced in
developing countries have a powerful nutritional and
functional use in their formulation and a powerful tool in
minimizing of hunger. In addition, the added value generated
by the diversification of the productive chains can create job
opportunities for the residents generating an additional social
benefit.
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