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Abstract: Fresh and processed fruits are commonly used to prepare different industrial products
with superior nutritional and health-promoting properties. Currently, the demand for processed-
fruit products has motivated the rapid growth of fruit-processing industries, persuading them to
produce an enormous number of by-products. Furthermore, people’s shifting dietary habits and
lack of awareness of nutritional properties result in a large number of fruit by-products. The lack of
knowledge about the value of by-products urges the exploration of proper documents that emphasize
the health benefits of such products. Hence, this article was prepared by carefully reviewing the
recent literature on industrial applications of fruit by-products and their nutritional and health-
promoting properties. The use of fruit by-products in food industries for various purposes has
been reported in the past and has been reviewed and described here. Fruit by-products are a good
source of nutrients and bioactive components, including polyphenols, dietary fibers, and vitamins,
implying that they could have an important role for novel, value-added functional food properties.
Furthermore, fruit by-products are used as the substrate to produce organic acids, essential oils,
enzymes, fuel, biodegradable packaging materials, and preservatives.

Keywords: biomass valorization; biotechnological techniques; food waste; fruit processing;
waste utilization

1. Introduction

According to the Food and Agriculture Organization (FAO), there is a shift in con-
sumers’ demand from processed foods to natural foods of superior quality that meet their
nutritional requirements while promoting health [1]. Fruits and vegetables are rich in
nutritional value and often promote human health. This is because fruits and vegetables
are packed with vitamins, antioxidants, minerals, and dietary fiber. Citrus, watermelon,
banana, apple, grape, and mango are the most popular fruits produced in the world [2]. The
global production statistics include 124.8 million metric tons (MMT) of citrus, 114.1 MMT of
bananas, 84.6 MMT of apples, 74.5 MMT of grapes, 45.2 MMT of mangoes, and 25.4 MMT
of pineapples [2].

Even though fruit production statistics show an annual increase, this increase is still
insufficient to meet the consumption demand. Increasing global population, as well as a
lack of efficient production and supply chains, frequently necessitates the development of
new innovative technologies to meet demands [3]. According to the FAO, over 821 million
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people are currently malnourished due to a scarcity of staple foods such as starchy cereals,
roots, and tuber crops [2]. This creates a shift from conventional plant-based diets to other
substitute food products, including the by-products of fruits and vegetables.

Furthermore, a recent report [4] revealed that over 1.3 billion tons of foods is wasted
each year [5]. Despite the reduction in fruit and vegetable waste globally (from 60% in 2011
to 45% in 2015), there is still a need for an improvement in bio-waste utilization [5,6]. Fruit
waste and scrapped value are affected by the type of fruit, processing methods, and post-
harvest technologies. For example, the discarded portion of banana is 35% [7], pineapple is
33-46% [8], papaya is 15-20% [9], mango is 25-40% [10], citrus is 25-35%, apple is 9-13%,
and watermelon is 43-48% [7,11].

Fruits are commonly used fresh and processed into juice, frozen fruit pulp, jam,
syrup, and concentrated or dehydrated forms [12]. An enormous amount of waste is
generated during fruit processing, and proper disposal is associated with higher operational
and transportation costs. Thus, imprudent disposal has negative impacts on both the
economy and the environment. Likewise, the wastes generated from fruit processing have
environmental risks but also represent an enormous loss of nutrients with high bioactive
properties [13]. Fruit by-products including skins, cores, stems, shells, stones, and seeds
account for 50-60% of fresh fruit. In most cases, nutritional comparison shows that the
by-products, including peel and seeds, have higher nutritional values as compared to
the pulp [14]. Additionally, fruit by-products such as skins are natural sources of soluble
and insoluble dietary fiber, pectin, and phenolic antioxidants [15,16]. The therapeutic
properties of these by-products offer a high potential for further value while assisting in
the prevention of non-communicable diseases such as diabetes, cardiovascular disease,
obesity, and cancer [17-19]. Through the process of valorization, promising potentials of by-
product utilizations in the food, pharmaceutical, biotechnology, and related industries may
inspire the food, pharmaceutical, biotechnology, and related industries in the near future.
This article reviews fruit by-products and their industrial applications for nutritional and
health benefits.

2. Sources of Literature

Quantitative and qualitative research findings were used to synthesize the potentials
of fruit by-products from the existing literature. This was performed by identifying the
published literature indexed in Google Scholar®, Scopus®, Web of Science®, Springer Link,
Science Direct, PubMed, and MDPI databases using the following keywords: bioactive
components, biotechnological techniques, fruit processing, waste utilization, fruit wastes
and by-products, and industrial waste. As some keywords gave a very large number of
published articles with a scope far different from the scope of this review, more restricted
terms such as “bioactive compounds from fruit by-products,” “biotechnological techniques
of fruit by-product valorizations,” “banana by-product,” “avocado by-product,” “apple by-
product,” “citrus by-product,” and “watermelon by-product” were used. Articles published
between 2000 and 2023 were selected for this review.

3. Description of Some Common Fruit By-Products: Overview
3.1. Banana (Musa spp.) By-Products

Banana, grown in tropical and subtropical biospheres, is a prominent fruit crop con-
sumed throughout the world. The banana fruit is available year-round at a fair price.
Banana processing generates a lot of industrial by-products such as peels, rhizomes, stems,
leaves, sheaths, and inflorescence [20]. These by-products are useful resources for various
industrial applications, including in the food and medicine manufacturing industries, due
to the rich phenolic composition of the peel [21]. Figure 1 shows a banana peel, which is
one of the banana by-products.
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Figure 1. Banana peel: Reprinted/adapted with permission from Ref. [22]. 2016, Priwo.

3.2. Apple (Malus Domestica Borkh.) By-Products

Apple is among the widely cultivated temperate fruits with pleasing taste, aroma,
and health-enhancing substances [23]. Nearly 68% of apples are consumed raw, and the
remaining are industrially processed for juice, cider, and powder, generating various by-
products such as seed, peel, core, and stem using microwave-assisted phosphoric acid
activation [24]. The apple by-products, including seeds and peels, represent roughly 25-30%
of the load of the first fresh fruit [25] and are used as ingredients in food formulation [26].
Figure 2 shows an apple by-product.

Figure 2. Apple by-product: Reprinted /adapted with permission from Ref. [27]. 2022, AITC Canada.
3.3. Mango (Mangifera indica L.) By-Products

Mango is a popular tropical fruit with very extensive production. It is called “the king
of fruits” because of its luscious flavor, pleasing aroma, and nutritional value [28]. Mango
fruits have bio-functional properties and are commonly consumed as fresh, frozen, juice,
jam, or nectar [29]. Processing mango fruit into different value-added products creates
immense waste products that range from 40 to 60% depending on the variety and the size,
of which peels represent 12-16%, seeds 10-25%, and kernels 15-20% [30].

Mango peels are the main by-product generated from industrial processing and fresh
consumption and account for 10-20% of the total weight of the mango fruit [31]. Recently,
mango peels have gained attention from the scientific community because of their high
content of bioactive compounds such as polyphenols, catechins, kaempferol, gallic acid,
mangiferin, quercetin, and benzoic acid, with functional and health properties [32,33].
Mango seeds and kernels are additional by-products obtained during the industrial pro-
cessing of mango. Figure 3 shows mango by-products.
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Figure 3. Mango by-products: Reprinted /adapted with permission from Ref. [34]. 2023, CIRAD.

3.4. Citrus (Citrus rutaceae L.) By-Products

Citrus fruit belongs to the Rutaceae family, which include fruits such as oranges,
tangerines, mandarins, lemons, limes, sour oranges, and grapefruits. Citrus fruits are
among the most widely consumed fruits around the world [35]. Citrus fruits are so-
called fleshy fruits with lofty amounts of citric acid, which gives them an acidic taste.
Industrially, citrus fruits are processed into juice, jam, marmalade, fruit cocktail, and
flavoring agents [36,37].

During processing of citrus fruits, 1-10% of the seed, 60-65% of the peel (flavedo and
albedo), and 30-35% of internal tissues (juice sac residues and rag), representing 50-70% of
the processed fruit depending upon the variety, processing methods, and growth conditions,
were discarded from the total generated by-products [38]. Citrus peel is also dried and
mixed with pulp to produce molasses for cattle feed. Figure 4 shows citrus by-products.

Figure 4. Citrus by-product: Reprinted/adapted with permission from Ref. [39]. 2017, BBC.
3.5. Grape (Vitis vinifera) By-Products

Grape is a common fruit that is consumed almost everywhere in the world [2]. Ap-
proximately 50% of the world’s production of grapes goes into winemaking or vinification,
and the remaining 50% is consumed fresh or dried to make grape raisins [40]. The main
by-products of wine processing are pomace (skins, stems, and residual pulp) and grape
seed, which accounts for nearly 20% of the original grape weight [41]. The grape seeds
account for about 5% of the total weight of the whole grape; but they account for almost
40-50%, and the pomace accounts for 10-15%, of the discarded solid residues from the
wine-processing industries [42]. Figure 5 shows grape by-products.
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Figure 5. Grape by-product: Reprinted/adapted with permission from Ref. [43]. 2017,
Chiara Cecchini.

3.6. Avocado (Persea americana) By-Products

Avocado is the most important fruit cultivated in tropical and subtropical regions
of the world, where one-third of the production is handled by Mexico [44]. Avocado is
considered a butter pear due to its shape and the soft texture of its pulp. Avocado fruit
contains vitamins (B vitamins, vitamin K, vitamin E, and vitamin C), minerals (potassium,
copper), proteins, fibers, phenolic acids, hydroxycinnamic acids, and essential fatty acids
(EFA), all of which have substantial health benefits [45]. During industrial processing of
avocados into oils, the remaining residues, such as seeds and peels, representing 21-30% of
the fruit, are discarded [46]. Figure 6 shows avocado by-products.

Figure 6. Avocado with peel: Reprinted /adapted with permission from Ref. [47]. 2012, Donia Hilal.

3.7. Pineapple (Ananas comosus L.) By-Products

Pineapple is a tropical fruit grown in several parts of the globe, with Thailand, Brazil,
the Philippines, Costa Rica, and India being the main producers. Asia is the main conti-
nent producing pineapples (48.2%), followed by America (34.5%), and Africa (16.4%) [2].
Pineapple is commonly consumed fresh, is used in salads, and is commercially available
in juice forms, jams, dehydrated products, and canned foods. Pineapple is added to var-
ious types of fruit concentrates because of its neutral color, pleasant flavor, and good
acidity /sweetness ratios [48].

Processing pineapple into value-added products generates different by-products, such
as residual pulp, peels, stems, and a core, which represent 35-46% of discarded residues [8].
Peels have the highest percentages of by-products, ranging from 30% to 42% w/w, followed
by the core at around 10% w/w. Core and stem share 5% by weight of the total waste.
Almost half of the total pineapples produced are discarded, along with plenty of bioactive
compounds [48]. Figure 7 shows a pineapple fruit.
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Figure 7. Pineapple fruit with skin: Reprinted /adapted with permission from Ref. [49]. 2014, Rico.

4. Nutritional Potentials of Fruit By-Products

Fruit by-products, including peel, skin, seeds, pomace, and stones, contain a high
amount of bioactive compounds and are good sources of nutrients, including pectin,
proteins, fat, fiber, minerals, and vitamins. This section briefly explains the nutritional
composition as well as the bioactive compounds found in fruit by-products. Proximate
composition, mineral content, vitamin composition, and bioactive compounds extracted
from fruit by-products are summarized in Tables 1-4, respectively.

Table 1. Proximate composition (%) of some common fruit by-products.

By-Product Moisture Ash Protein Fat Carbohydrate Fiber (%) Reference
Apple pomace 8-10.6 1-6.1 3-5.67 1.2-39 48-62 4.7-51.1 [50]
Ripe mango peel flour 7.86 4.5 4.1 4 29.4-32 51.1-54.2 [51]
Banana peel 13.6 9.83 5.53 23.93 32.39 14.83
Avocado peel - 3 45 4.6 72 3.8 [52]
Avocado seed 67.2 2.3 9.6 3.9 - 10.7
Pineapple raw peel 82.7 5.0 8.9-9.2 1.3 - 16.3 (53]
Papaya raw peel 86.8 11.6 20.27 2.3 - 18.5
Papaya seed 5.8 6 23.6 23.5 - 47.2
Grape pomace 3.37 4.68 8.49 8.16 29.20 46.17 [54]
Citrus peel 2.49 13.20 0.42 9.74 71.57 2.58 [55]

4.1. Banana Fruit

Banana peels represent 30—40% of the edible part of the fruit and are a rich source
of phytochemicals such as phenolic compounds, dietary fibers, and carotenoids that are
known to have high antioxidant capacity [56]. Banana pulp and peel flour also contain
many other phytochemicals, such as catecholamines, flavonoids, phenols, steroids, phy-
tosterols, glycosides, and terpenoids [57]. Additionally, banana peel has macro-minerals
(potassium, calcium, phosphorus, and magnesium), trace minerals (iron and zinc), and
vitamins (vitamins C and A) [58]. The fiber content of the peel is approximately 50%, and it
is a rich source of pectin, which forms gels used as an emulsifier [59]. The nutrient compo-
nents, including proximate (Table 1), mineral (Table 2), and vitamin (Table 3) contents, are
presented and discussed. Bioactive compounds of banana by-products are presented in
Table 4, and Table 5 shows their applications in different industries.
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4.2. Apple Fruit

Apple pomace is a rich source of beneficial bioactive compounds, including phenolic
acids, flavonoids, and dihydrochalcones [60]. Apart from its minor components, apple
pomace is also a good source of carbohydrates, proteins, vitamins, and minerals (Table 4).
The pomace consists mainly of insoluble sugars, including cellulose, hemicellulose, and
lignin (a non-starch polysaccharide), with simple sugars such as glucose, fructose, and
galactose [61]. It also contains minerals such as phosphorus, calcium, magnesium, and
iron. Additionally, apple pomace contains fatty acids, including linoleic acid (18:2 n-6)
and oleic acid (18:1 n-9) [50]. The proximate, mineral, and vitamin contents are presented
in Tables 1-3, respectively. Bioactive compounds of apple by-products are presented in
Table 4, and Table 5 shows their applications in different industries.

Table 2. Mineral content (mg/100 g) of some common fruit by-products.

By-Product Phosphorus Potassium Calcium  Sodium Magnesium  Iron Zinc Copper Manganese Reference
Apple pomace 649-704  398.4-880.2  55.6-92.7 185.3 18.5-333.5 2.9-35 14 0.1 04-0.8 [50]
Mango seed kernel 20 158 10.21 2.7 224 1-12 1.1-5.6 8.6 0.04 [62]
Banana peel - 4599.7 2011.5 32.5 95.1 2.5 2.3 12.4 5.7
Avocado peel - 899.8 679.3 21.1 46.9 2.3 1.6 14.5 14 [53]
Avocado seed - 1202.6 4349 394 55.8 3.7 1.8 16.7 15
Citrus peel 366.84 8.75 515.78 274.77 5.39 9.06 - - - [55]
Pineapple peel 1349.5 4236.2 9.8 107.6 1.6 0.8 4.7¢ 8.2 [53]
Grape pomace 193 4334 182 131 - - - - - [63]

4.3. Mango Fruit

Mango by-products are important sources of bioactive compounds, including vitamin C,
beta-carotene, polyphenols, and dietary fiber [64]. Mango seed kernels are used for making
multipurpose nutraceuticals owing to their high composition of phytochemicals such
as phenolic acids, flavonoids, catechins, hydrolyzable tannins, and xanthanoids [29,30].
Mango seed kernel powder contains a good amount of fat, protein, and carbohydrate,
which implies a possibility to produce energy-rich functional foods from this resource [16].
In addition, mango peel is an excellent source of dietary fiber (45 to 78%) and other
components such as phenolic acids, flavonoids, xanthones, carotenoids, ascorbic acid, and
tocopherols [65]. The proximate, mineral, and vitamin contents are presented in Tables 1-3,
respectively. Bioactive compounds of mango by-products are presented in Table 4.

4.4. Citrus Fruit

Among the generated wastes of citrus fruit, 60-65% comes from the peel, 30-35% from
interior tissues, and 0-10% from seeds [66], which provide a valuable source of phytochem-
icals with high antioxidant activity, anti-inflammatory properties, and anticancer properties
compared to the edible portion [67]. The proximate, mineral, and vitamin contents are
presented in Tables 1-3, respectively. Table 4 lists the major bioactive compounds found in
citrus by-products.

4.5. Grapes

Wine-processing by-products have various types of biomolecules (dietary fibers, lipids,
proteins, and natural antioxidants and phenolic compounds) and are a cheap source for
the development of dietary supplements [68]. Grape seed is one of the major by-products,
with dense bioactive components, including stilbene, resveratrol, gallic acid, rutin, and
catechinalate. These bioactive compounds exhibit cardiovascular-protective, antimicrobial,
antioxidant, and anticancer properties [69].
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4.6. Avocado Fruits

Fresh avocado peel is a potential source of carbohydrates (60-73%), proteins (3-8%),
lipids (4-9%), fiber (about 50%), and ash (3-6%). Similar to the peel, the avocado seed
also consists of 72% carbohydrates, 4.5% proteins, 4.6% lipids, 3.8% fiber, and 3% ash [52].
Avocado peel and seed are also high in phytochemicals such as phenolic acids, condensed
tannins, and flavonoids [70]. These bioactive compounds have been shown to exhibit
antioxidant and anti-inflammatory properties. Furthermore, avocado by-products have
numerous applications in different industries, as shown in Tables 5-7.

4.7. Pineapple

Pineapple by-products are low-cost sources of dietary fiber, which may be applied to
the production of fiber-rich foods [71]. Pineapple by-products are also used as a substrate
for the production of organic acids, with great commercial demand for acidification and
flavor-enhancing of low-acid foods, including most fresh vegetables and fruits [72]. The
proximate, mineral, and vitamin content are presented in Tables 1-3, respectively. Table 4
shows the bioactive compounds of pineapple by-products, and their utilization in different
industries is summarized in Tables 5-7.

Table 3. Vitamin content of some common fruit by-products in (mg/100 g).

Fruit By-Products

Vitamin (mg/100g) Citrus Peel Mango Seed  Avocado Seed Pineapple Stem Grape Pomace Pineapple Peel
Vitamin Bl 11.9 0.08 0.33 - - -
Vitamin B2 - 0.03 0.29 - - -
Vitamin B3 234.16 - 0.06 - - -
Vitamin B6 286.63 0.19 - - -

Vitamin B9 1.36 - - - - -

Vitamin B12 - 0.12 - - - -
Vitamin C 21.34 0.56 97.8 121.2 26.25 2129
Vitamin A - 15.27(IU) 10.11(IU) - - -
Vitamin E 4.45 1.3 0.12 - - -
Vitamin K - 0.59 - - - -
Reference [55] [73] [74] [75] [54] [75]

5. Health Benefits of Fruit By-Products

Fruit by-products contain phytochemicals such as phenolic compounds, vitamins,
minerals, dietary fiber, and other bioactive compounds. The polyphenolic compounds
found in fruit promote human health development. The phenolic compounds are the
secondary metabolites of fruits that can act against free radicals and oxidative stresses, and
thus they are known as antioxidants [76,77].

5.1. Health Benefits of Banana By-Products

Banana peel, the fruit’s primary by-product, accounts for approximately 35-40% of
the fruit’s total mass [78,79]. Banana peel contains high amounts of dietary fiber and
phenolic compounds, as well as antioxidant, antibacterial, and antibiotic properties. As
a result, it is a material with significant potential, which encourages its application in the
nutraceutical and pharmaceutical industries [78]. In terms of nutritional quality, banana
peel has shown excellent uses in a variety of food items such as bakery, culinary products,
and meat products, owing to the presence of various bioactive compounds that may have
health-promoting properties [80]. Furthermore, banana peels are high in polyunsaturated
fatty acids such as linoleic acid (Omega-6) and «-linolenic acid (Omega-3), which account
for more than 40% of total fatty acid content [81]. Linoleic acid has been shown to re-
duce liver fat and slightly improve metabolic status without causing inflammation. In
addition, clinical research has shown that «-linolenic acid has an anti-inflammatory effect
on obesity [80].
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Bioactive compounds found in banana peels include flavonoids, tannins, phlobatan-
nins, alkaloids, glycosides, anthocyanins, and terpenoids, which have antibacterial, antihy-
pertensive, antidiabetic, and anti-inflammatory properties [82]. Phenolics are important
secondary metabolites found in higher concentrations in banana peels compared to other
fruits. Banana peel contains a variety of phenolic compounds, including gallic acid, catechin,
epicatechin, tannins, and anthocyanins [79]. Furthermore, gallocatechin levels in banana
peel are five times higher than in pulp, indicating that the peel is a rich source of antioxidant
compounds. Flavonols, hydroxycinnamic acids, flavan-3-ols, and catecholamines are the
four subgroups of phenolic compounds found in banana peel. The proposed mechanism of
these phenolic compounds’ antioxidant effect involves preventing reactive oxygen species
(ROS) formation, direct ROS scavenging, and induction of antioxidant enzymes [83].

Several studies have linked ROS to a variety of chronic diseases, including neurodegen-
eration, cancer, diabetes, and inflammation [84]. Rutin and myricetin are the most abundant
phenolic compounds in plantain and dessert banana peel flavonol profiles [85]. According
to Phacharapiyangkul et al. [86], ferulic acid, which is abundant in sucrier banana peel,
may act as an anti-melanogenesis factor by regulating vascular endothelial growth factor
expression, initiating nitric oxide synthase, and acting as a tumor suppressor gene.

5.2. Health Benefits of Apple By-Products

Apple pomace is one of the most commonly produced agri-food wastes; however, the
pomace produced by apple processing can be reused in biotechnological processes as a
substrate for the production of various compounds such as flavoring compounds, pigments,
fuel, and citric acid, or as raw material for fiber and phenolic compound extraction [87].
From a nutritional standpoint, apple pomace is a by-product high in fibers, vitamins, min-
erals, phenolic compounds, and pigments. All of these macronutrients play an important
role in the human body due to their effects on metabolism [88]. These components can
help to treat gastrointestinal disorders, lower serum triglycerides and LDL cholesterol,
and regulate glycemia. All of these effects on the human body can be explained by their
high concentration of the beneficial compounds mentioned above, which primarily play
anti-inflammatory and antioxidant roles [89].

Dihydrochalcones, procyanidins, flavan-3-ol monomers, flavonols, anthocyanidins,
and hydroxycinnamic acids are the most abundant phenolic compound families in apple
pomace. Phlorizin from the dihydrochalcones family, chlorogenic acid from the hydrox-
ycinnamic acids family, and epicatechin from the flavan-3-ol monomer family are the most
representative compounds [88]. Phlorizin is a remarkable phenolic compound found in
apple pomace that acts as a strong antioxidant, anti-inflammatory, and antimicrobial agent.
Furthermore, phlorizin has several health benefits, most notably in diabetes, due to its
ability to change the way glucose is absorbed and excreted. Furthermore, research shows
that phlorizin specifically and completely inhibits sodium/glucose cotransporters in the
intestine and kidneys. This property may benefit postprandial hyperglycemia therapy in
diabetes and other related illnesses such as obesity [67,88].

5.3. Health Benefits of Mango By-Products

Mango by-products are excellent sources of phytochemicals with broad bioactivities
that ultimately improve consumers’ health. Mango peel accounts for 7-24% of the total
weight of a mango fruit. Mango peel has piqued the scientific community’s interest due to
its high content of valuable compounds such as phytochemicals, polyphenols, carotenoids,
enzymes, vitamin E, and vitamin C, all of which have functional and antioxidant properties.
These valuable compounds are also advantageous to human health. Many researchers
have reported that mango peels can be used to produce valuable ingredients (such as
dietary fiber and polyphenols) for a variety of food applications [90]. Mango peels have
yielded two major valuable compounds: ethyl gallate and penta-O-galloyl-glucoside. These
compounds have strong scavenging activities for hydroxyl radicals (-OH), superoxide anion
(Oy7), and singlet oxygen (10,). Mango peel waste has the potential to be used in both
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experimental and clinical settings. Meanwhile, pharmaceutical studies have shown that
gallate-type compounds, such as penta-O-galloyl-glucoside, have anti-tumor, antioxidant,
anti-cardiovascular, and hepatoprotective properties [91].

5.4. Health Benefits of Citrus By-Products

Citrus by-products have high moisture content and high organic matter content. Fur-
thermore, they are high in sugars (glucose, fructose, sucrose), carbohydrates (cellulose,
starch, pectin, dietary fibers), proteins, organic acids (citric, malic, oxalic acids), lipids
(linolenic, oleic, palmitic, stearic acids), essential oils (limonene), pigments/carotenoids
(carotene, lutein), and vitamins (flavonoids, phenolic acids) [92]. Furthermore, citrus by-
products are high in biologically active compounds such as polyphenols, flavonoids, and
phenolic acids. It is worth noting that citrus by-products contain more polyphenols than the
edible portion of the fruit. As a result, in recent years, the extraction of polyphenols from
citrus by-products has piqued the interest of many researchers due to their massive quan-
tities and multifaceted properties such as antioxidant, anti-inflammatory, and anticancer
effects, among others [93,94].

Flavonoids are the most diverse class of polyphenols found in citrus by-products,
offering a wide range of health benefits as well as excellent antioxidant properties. Citrus
by-products are high in phenolic acids, in addition to flavonoids. These compounds are
classified into two subgroups based on their free radical scavenging activity: hydroxy-
benzoic (gallic, vanillic, and syringic acids) and hydroxycinnamic acids. (caffeic, ferulic,
p-coumaric, and sinapic acids). According to various studies, the total flavonoid and
total phenolic content of citrus fruits can vary depending on the species, cultivars, and
harvesting conditions [95,96].

5.5. Health Benefits of Grape By-Products

Grape pomace contains nutrients such as carbohydrates, fibers, minerals, and vitamins.
Dietary fiber is found in high concentrations among these nutrients. Several studies have
shown that grape pomace contains up to 70% total dietary fiber, with insoluble dietary
fibers such as cellulose and hemicellulose accounting for the remaining 26 to 78%. Water-
soluble dietary fiber (DF), which includes a-glucans, pectins, gums, and so on, accounts
for approximately 9-11% of pomace [97]. Pomace fiber’s physiological health benefits
are related to its ability to ferment in the colon, producing short chain fatty acids that
act as a prebiotic. Aside from these nutrients, grape pomace contains a variety of non-
nutrient components known as bioactive compounds, the most important of which are
phenolic compounds [98].

Grape pomace is a rich source of phenolic compounds such as monomeric phenolic
acids, oligomeric proanthocyanidins, and glycosylated anthocyanins, all of which have
antioxidant and antimicrobial properties [99]. They are also a potential source of catechins,
epicatechin, dimers and trimers of procyanidins, and resveratrol. Anthocyanins are pig-
ments found in grape pomace [98]. Anthocyanins are antioxidants and antimutagenics.
Stems contain a high concentration of tannic compounds with nutraceutical and pharma-
cological potential. The most common phenolic compounds found in grape pomace are
hydrobenzoic and hydrocynnamic acids, flavonols, stilbenes, and anthocyanins [100]. In
general, GP extract has been extensively studied for its wide range of activities, including
cardio-protective, anticancer, anti-inflammatory, anti-aging, antimicrobial, and other health-
promoting properties [101]. Furthermore, grapes and their by-products are high in dietary
fiber, which has been linked to a variety of health benefits such as glucose absorption
regulation, obesity prevention, blood cholesterol reduction, and reduced cardiovascular
risk. In addition, grape pomace is a good source of fiber for the industry, with a higher
potential for regulating bowel functions and water retention [102,103].
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5.6. Health Benefits of Avocado By-Products

Avocado by-products are high in carbohydrates, lipids, proteins, dietary fiber, vita-
mins, minerals, and phenolic compounds [104]. The composition of avocado by-products
clearly shows that these biomasses have enormous potential as a source of valuable com-
pounds with applications in a variety of industrial sectors. Bioactive compounds have been
identified in particular, including phenolic compounds (hydroxycinnamic acids, hydroxy-
benzoic acids, flavonoids, and proanthocyanidins), carotenoids, alkaloids, acetogenins, and
phytosterols [104,105]. These compounds can be used as nutraceuticals, but they also have
applications in the food, health, pigment, and material industries [105].

Avocado seeds (an industrial by-product) have anti-inflammatory, antioxidant, and
antimicrobial properties that can be used to prevent and treat gastric disorders [106]. Anti-
cholinesterase and antioxidant activities were found in P. americana leaves and seeds [107].
The phenolic components and antioxidant activity of avocado skin and seed hydroethanolic
extracts revealed a predominance of compounds from the flavonoid, proanthocyanidin,
and hydrocinnamic acid groups. Avocado pulp contains phenolic compounds such as gallic
acid, 3,4-dihydroxyphenylacetic acid, 4-hydroxybenzoic acid, vanillic acid, p-coumaric acid,
ferulic acid, and quercetin, which have antioxidant properties [108]. Avocado peels from var.
Colinred showed the highest total phenolic content, and specifically B-type procyanidins
and epicatechin, as well antioxidant activity, when compared with seeds. These authors also
showed that the peel extract can protect the transgenic parkin Drosophila melanogaster fly
against paraquat-induced oxidative stress, movement impairment, and lipid peroxidation,
as a model of Parkinson’s disease [109]. Antiradical activity of avocado by-product is mainly
due to polyphenols (+)-catechin, (—)-epicatechin, 3-O-caffeoylquinic acid (chlorogenic acid
isomer), and three compounds of the flavonoid family. Flavonoids were the most abundant
group in avocado seed and seed coat, with quercetin, ()-naringenin, and sakuranetin being
the most abundant. Phenolics and flavonoids are bioactive compounds that have been
linked to a reduction in a variety of deteriorative processes in the human body due to their
ability to reduce free radical formation and to scavenge [110].

5.7. Health Benefits of Pineapple By-Products

Pineapple peel accounts for about 57% of the total by-product and contains a high
concentration of insoluble dietary fiber, vitamins, minerals, phenolic compounds, and
other bioactive compounds with high antioxidant capacity [111,112]. Because of their
biological properties with applications in human health, phenolic compounds derived
from pineapple by-products are of great interest in the pharmaceutical and food industries.
There have been few studies on bioactive polyphenols derived from pineapple residues.
Bioactive polyphenols of pineapple by-products include myricetin, salicylic acid, tannic
acid, trans-cinnamic acid, and p-coumaric acid, which were discovered in a high dietary
fiber powder made from pineapple shell, which is a by-product, and these compounds
have been reported to be potent antioxidants [72,113]. Polyphenols found in pineapple
wastes, such as ferulic acid and syringic acid, have been shown to have antioxidant and
antimicrobial activity [72].

6. Extraction Methods of Fruit By-Products

The most widely used technique at the industrial scale is conventional solvent extrac-
tion, which includes several phases such as solid-liquid extraction (e.g., Soxhlet) using
organic solvents, maceration, and hydrodistillation [77,114]. These methods, however,
have the potential to degrade thermolabile compounds. To address this issue, the food
industry is interested in extraction techniques such as enzyme-assisted, ultrasound-assisted,
microwave-assisted, pulsed-electric-field assisted, pressurized liquid extraction, and super-
critical fluid [80]. Furthermore, various innovative technologies are now being used for
extracting valuable compounds from fruit waste and by-products [77,115].



Sustainability 2023, 15, 7840

12 of 27

6.1. Enzyme-Assisted Extraction

Cellulase, a-amylase, x-glucosidase, xylanase, o-glucanase, pectinase, and other
related enzymes are used to improve the extraction process by hydrolyzing the matrix of
the plant cell wall, resulting primarily from the formation of the enzyme-substrate complex,
during which bonds in the substrate molecules break into the final products [116]. The sizes
of the plant material, enzyme concentration, reaction time, temperature, pH, and solid—
liquid ratio all have an effect on the enzyme-substrate complex [117]. Enzyme-assisted
extraction of lycopene from industrial tomato waste has been reported [118].

6.2. High Hydrostatic Pressure (HHP)

HHP is a food-processing technology that generates and sustains high pressures
using special equipment (100-1000 MPa). A high-pressure vessel, its head closure, a
pressure generation system, and a temperature control device comprise a typical HHP
system [119,120]. The pressure vessel is the heart of the HHP system, and the thickness of
its walls determines the maximum working pressure. The maximum working pressure
varies from 400 to 600 MPa depending on the internal diameter of the vessel. Pre-stressed
vessel designs, such as multilayer vessels or wire-wound vessels, are used in cases of
higher pressures [120].

HHP is widely applied for microbial inactivation and food preservation. However,
more recently, the technology’s potential for extracting valuable compounds from food
waste has been confirmed [121,122]. The damage to the fruit cellular structure caused by
high hydrostatic pressure can improve the mass transfer rate, increase solvent permeability,
decrease processing time, and, as a result, achieve high extraction yields [123,124]. HHP is
successfully used to extract valuable bioactive components from different fruits including
papaya seed [125], Cape gooseberry pulp [126], and grape skin pomace [127].

6.3. Membrane Separation

Membrane technology operates on a thin physical barrier through which materials
can pass (the permeate) or be retained (the retentate) in response to a driving force that can
be a difference in pressure, concentration, temperature, and/or electrical potential. A mem-
brane’s separation performance is influenced by its inherent properties, such as its chemical
composition, as well as process variables such as temperature, pressure, and feed flow.
Furthermore, interactions between feed-flow components and the membrane surface must
be considered [120,128,129]. The main physical operational parameters influencing the per-
meate flow rate are pressure, temperature, viscosity, density of the feed fluid, and tangential
velocity. Membrane technology has been successfully used to purify and concentrate bioac-
tive compounds from fruit-processing wastes, with potential applications in food colorants,
food supplements, pharmaceutical applications, and cosmetic products [77,129,130].

6.4. Microwave-Assisted Extraction

Microwaves have frequencies ranging from 300 MHz to 300 GHz; in microwave-
assisted extraction, the small amount of moisture present in a plant cell is heated, causing
evaporation and creating enormous pressure on the cell wall, further weakening and break-
ing it and allowing the phytoconstituents to be released to the outside [131]. Itis a relatively
new application that uses microwave energy to extract soluble solids from a variety of
materials. It has been designated as a green technology because it reduces the use of organic
solvents [123,132]. Microwave-assisted extraction has grown in popularity for recovering
low molecular weight organic compounds or small molecules from food matrices [120,133].
Several factors influence microwave-assisted extraction of natural bioactive compounds
from fruit wastes, including power, frequency, processing time, sample moisture content
and particle size, extraction temperature, pressure, extraction cycles, type of solvent, and
solid sample to liquid solvent ratio [80]. The technology is widely applied to extract various
bioactive components from different fruit by-products, such as pomegranate fruit peel [134],
black currant by-product [135], mango peel [136], and so on.
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6.5. Pressurized Solvent Extraction

Pressurized solvent extraction uses solvents at high pressures and temperatures above
their boiling points. High temperatures (between 100 and 374 °C) positively impact the
mass transfer rate, surface equilibria, and extraction rate, while high pressure (typically
ranging from 4 to 20 MPa) prevents solvent evaporation and also influences the mass trans-
fer of the solvent into the pores matrices and, thus, analyte solubility [120,132]. Accelerated
solvent extraction and subcritical solvent extraction are also terms for this technology.
While all of the solvent is water, the technique is known as superheated water extraction,
subcritical water extraction, or pressurized hot water extraction. Water is the most com-
monly used solvent in this technology because water has a high diffusivity, low viscosity,
and low surface tension under subcritical conditions. This improves the kinetics of mass
transfer and the solute’s solubility [120,137,138]. For the first time, Wijngaard and Brun-
ton [139] successfully applied the technology to extract bioactive compounds (antioxidants
and polyphenols) from apple pomace.

6.6. Pulsed Electric Fields

The use of pulsed electric fields (PEF) as an extraction technique for the purpose of
recovering bioactive compounds has received little attention thus far. The technology
involves applying an external electrical field to food placed between two electrodes for
a few microseconds. When a biological cell (plant, animal, or microbial) is exposed to
high intensity fields (kV/cm) in the form of very short pulses (ms to ms), temporary or
permanent pores form on the cell [120,140]. This phenomenon, known as electroporation,
causes cell membrane permeabilization, or an increase in permeability, and if the intensity
of the treatment is high enough, cell membrane disintegration occurs. The degree of
permeabilization achieved, and thus the treatment intensity, is affected by a number of
process parameters, including the electric field strength and the number, duration, and
shape of pulses [141]. This type of process could aid in the development of quality-
preserving preservation and extraction processes in the food industry [115,120]. The electric
field intensity, pulsed wave shape, solvent selection, raw material to solvent ratio, pulse
duration, and treatment temperature all have a direct impact on the effectiveness of PEF
treatment [115]. Pulsed electric field is used to extract bioactive compounds in blueberry
by-product [142], thinned peach by-product [143], and plum and grape peel [144].

6.7. Supercritical Fluid Extraction

Supercritical fluid extraction (SFE) operates on the use of a fluid at pressures and
temperatures above its critical point in order to achieve significant physical changes that
alter its solvent capabilities [77]. Although the first experimental works dealing with super-
critical fluid extraction date back to the nineteenth century, interest in this technique as an
alternative to conventional solvent-based extraction techniques has only recently increased.
Carbon dioxide (CO,) has been the most widely used solvent for SFE because of its ver-
satility [145]. CO, properties can be tuned in supercritical phase (temperature of 31.1 °C
and pressure of 7.4 MPa) to provide extracts with desirable compositions. Simultaneously,
it ensures a safe separation process for both human health and the environment, with no
degradation of heat-sensitive compounds and no toxic solvent residue in the solutes after
the process [120,146]. Aside from its physical properties, CO; is safe, food grade, and
widely available at a low cost and high purity [120].

SEE, on the other hand, has some limitations that limit its use. Because it is pri-
marily used to extract non-polar substances, it has a limited capacity for recovering
compounds from water-rich by-products. To overcome this limitation, a co-solvent,
such as water or ethanol, is usually added. The co-solvent has the effect of increasing
the number of polar compounds and intermediate polarity that can be extracted [120].
The primary factors influencing this process are the type of solvent (mostly CO;), tem-
perature, pressure, flow rate, time, and co-solvent concentration (ethanol/water) [115].
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Sénchez-Camargo et al. [147] extracted carotenoids from mango peel effectively by using
supercritical fluid extraction techniques.

6.8. Ultrasound

Ultrasound has been identified as a promising emerging technology that can be used
successfully in the extraction field due to its ability to accelerate heat and mass transfer.
The process’s efficiency is linked to a phenomenon known as acoustic cavitation. Sound
waves (frequencies greater than 20 kHz) travel through matter, causing expansion and
compression cycles [120,148]. The compression pushes molecules together, while the
expansion pulls them apart. Bubbles are formed in the liquid when the ultrasound waves
reach a sufficient intensity. Bubbles, once formed, can absorb energy from sound waves,
grow during expansion cycles, and recompress during compression cycles. When they can
no longer absorb this energy, they collapse, causing shock waves of extreme pressure and
temperature (around 100 MPa and 5000 K, respectively) [120].

The collapse of cavitation bubbles near a solid boundary produces high-speed jets
of liquid that can strike the food matrix’s surface. The cavitation phenomenon causes the
solvent to penetrate deeper into the cellular material, improving mass transfer, disrupting
biological cell walls, and facilitating compound release [148,149]. Although ultrasound
frequency has a significant effect on extraction yield and kinetics, the presence of a dis-
persed phase can attenuate the ultrasound waves due to differences in compressibility, heat
capacity, and thermal diffusion between the droplets of the dispersed phase and the contin-
uous primary phase [115,120,150]. Power, frequency and amplitude, pH, extraction time,
extraction temperature, liquid—solid ratio, and particle size are the most important physi-
cal parameters in the ultrasound process. Ultrasound has been used to extract bioactive
compounds from various plant by-products such as tomato by-product [151].

7. Current Knowledge on the Utilization of Fruit By-Products
7.1. Banana Fruit

Banana peel is used to produce livestock feed, fertilizer, biogas, and oil [20]. In
addition, it is used as a means of heavy metal removal in water purification [152]. Uses of
banana by-products in various industries are presented in Tables 5-7.

7.2. Apple Fruit

About 20% of apple pomace is used traditionally for compost and animal feed, while
a large proportion (almost 80%) of it remains underutilized and discarded with a great
negative impact on the environment [61].

7.3. Mango Fruit

Mango seed kernels are used for making multipurpose nutraceuticals owing to their
high composition of phytochemicals such as phenolic acids, flavonoids, catechins, hydrolyz-
able tannins, and xanthanoids [29,30]. Mango peel is an excellent source of pectin, enzymes,
and fiber for functional food development, while only a few studies show utilization of
mango by-products for non-food applications as biosorbents [153]. Biosorbents are biologi-
cal materials containing a variety of functional sites that have the ability to remove heavy
metals such as cadmium (Cd) and lead (Pb) from aqueous solutions [154]. In addition,
mango seeds are used as biosorbents to remove heavy metals such as chromium (Cr) [155]
and the dye malachite green, which is widely used for food coloring, textile, paper, and
acrylic industries [156].



Sustainability 2023, 15, 7840 15 of 27
Table 4. The main bioactive compounds found in some common fruit by-products.
Bioactives Sources Bioactivity/Preservative Reference
Flavonols Pomegrfmate peels, orange peels, Antioxidants [157]
tamarind seeds, mango peels
Pectins Kiwifruit, pomegranate, apple, Food additive, thickening agent [158]
and orange peels
Amino aqu and Mandarin by-products, pineapple Good source of protein [159]
proteins peels, papaya peels
Polyphenols Avocado seed Antioxidant activity [44]
Phenolic compounds Banana peel Antioxidant activity [21]
Triterpenoids Apple pomace Anti-inflammatory, antimicrobial, [25,160]
. . . Anti-inflammatory, anticancer,
Limonoids Citrus seed antibacterial, antioxidant activities [161]
Phenolic acids, Citrus peel and pulp Ant10x1d.ant, ant1—1nﬂammatory, [162]
flavones, flavanones anticancer properties
Carbohydrates (pectin and Apple pomace Dietary fiber, prebiotic, [163]

pectin oligosaccharides)

hypo-cholesterolemic

7.4. Citrus Fruit

Citrus peels are dried and mixed with pulp to produce molasses for cattle feed. Pectin
extracted from citrus peels has immuno-modulatory effects on the levels of cytokine secre-
tion in the spleen of mice with a pro-inflammatory potential, as previously reported [164].
Recently, citrus by-products are gaining attention and being valorized by using anaerobic
digestion for the production of biogas and fermentation to produce high-value-added
chemicals and bio-fuels [165].

7.5. Grapes

Most often, grape by-products are used for distillate preparation, animal feed, and
compost [40]. Grape seed is one of the major by-products with dense bioactive components.
Different uses of grape by-products in various industries are listed in Tables 5-7.

7.6. Avocado Fruit

Avocado by-products have many interesting properties that widen their application
prospects. Avocado by-products can be utilized for energy production; its pulp oil is
used for biodiesel, and its seed oil is used for biodiesel, charcoal, liquid fuels, and fuel
additives [52]. Additional utilization of avocado by-products in some industries is listed
in Tables 5-7.

7.7. Pineapple Fruit

Pineapple processing generates a huge amount of by-products such as residual pulp,
peels, stems, cores, and leaves [166], which represent 45-65% of the residuals, which, in
most cases, are discarded as waste with significant environmental pollution potential if not
properly and efficiently utilized [167]. Pineapple peel is used as a source for the extraction
of antioxidant compounds (phenolic compounds such as ferulic acid and vitamins A and C).
Successful extraction and recovery of these antioxidant compounds could have implications
for the production of antioxidant-rich functional foods [168]. Pineapple by-products can
also be used for bioethanol production and bromelain extraction [169].



Sustainability 2023, 15, 7840 16 of 27
Table 5. Utilization of some common fruit by-products in food industries.
Fruit By-Product Uses in Food Industries Reference
Apple pomace used as a dietary fiber source in some baked foods,
Apple pomace chicken-meat-based sausages, and yoghurt products [170,171]
Apple pomace Used as stabilizers for oil-water emulsions and has an [172]
ppiep antimicrobial activity
Addition of defatted apple seed powder into chewing gum
Apple seed enhanced phloridzin uptake [173]
Avocado by-products can be used as antioxidants, antimicrobials,
Avocado by-product and food additives such as colorants, flavorings, and thickening agents [14]
Avocado peel Dried peels used in a fu.nctlor.\al Peverage formulation [174]
(tea rich in antioxidants)
Avocado peel Peel extracts qsed tp mhlblt lipid peroxu}latlon and to [175]
avoid oxidation of meat proteins
Seed starch used for biodegradable polymers for drug delivery
[176]
or food pack by-product
Avocado seed
Seeds can act as functional ingredients in foods, considering their [177]
composition in total fiber (lignin, cellulose, and hemicelluloses)
The flour obtained from unripe banana peels used for colon health effects
Banana peel due to its high resistant starch content and ripe peels is digestible due to [57]
the high content of starch and proteins
Banana peel Banana peel jelly has antioxidant properties [178]
Citrus peel Citrus peels used as a source of molasses, pectin, oil, and limone
. . Citrus pectin is used as a thickener, emulsifier, and stabilizer in many foods [179]
Citrus (pectin) . o
(jams, jellies, marmalades, and other products)
. . Pectin is a suitable polymeric matrix for edible films
Citrus (pectin) for active food pack by-product [180]
. L Citrus essential oils are GRAS and are used as antimicrobials,
Citrus essential oils . . [181]
antifungals, and flavoring agents
Grape pomace Meat and flSh derivatives containing grape pomace Powders show [182]
improved sensory and physical properties
Grape (stems, seeds, and skins)  Fiber from grape pomace used as functional ingredient in bakery products [183]
Oil obtained from grape seed is rich in linoleic acid (60-70%), as well as in
Grape seed tocopherols, which hinder their oxidation [184]
Mango peel powder used as source of antioxidant
Mango peel and dietary fiber in macaroni [185]
Mango peel seed kernel Mango peels and seed kerr}el po.wd.ers 1.lsed as sources of [186]
phytochemicals in biscuits
Peel extracts used in gelatin-based films for active food pack
Mango peel extract by-product due to their free radical scavenging activity [187]
and improvements in film strength
Edible films made of mango peel showed good permeability
Mango peel and hydrophobicity properties [188]
Pineapple peel Pineapple peel is a rlch source of sugar that can be used as a nutrient [189]
in fermentation processes
Pineapple core Core can be used in pmegpple juice concentrates, vinegar, [189]
and wine production
Bromelain enzyme extracted from the pineapple stem used as a
Pineapple stem meat tenderizer, bread dough improver, fruit anti-browning [190]

agent, and beer clarifier
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8. Prospective Impact of Fruit By-Products on Food and Nutrition Security

According to the FAO, more than 820 million people in the world are still suffering
from hunger in 2018, which underscores the immense challenge of achieving the Zero
Hunger target by 2030 [191]. Therefore, the search for alternative food sources for hu-
man consumption with high nutritive value is needed. These alternative and innovative
food sources would fulfill the need to feed the exponentially growing human population
as 70% more food is needed to cover the gap, which becomes an imperative. On one
hand, exploring the unexplored, refining the unrefined traits, cultivating the uncultivated,
and popularizing the unpopular remain the most appropriate steps proposed by some
researchers to achieve food and nutrition security with consideration to the current global
food challenges [192-194]. However, a significant amount of by-products from the fruit-
processing industry are discarded due to ineffective management and disposal systems.
Such fruit by-products have been proven to be rich sources of nutritious and bioactive
components and have a considerable effect on the economy and environmental safety. As
a result, a careful investigation of the adequate supply of nutritious components from
by-products may be of interest and appear to have a positive impact on global food and
nutrition security.

Table 6. Utilization of common fruit by-products in medicinal and pharmaceutical industries.

Fruit By-Product Uses in Pharmaceutical Industries Reference
Guava leaf Guava leaves contain hlgh levels of antioxidants, phenolic compounds, and [195]
immune-stimulatory agents
Apple phloridzin It can inhibit lipid perox1dat%on .ar}d prevent bone loss, enhance memory, and even [196-198]
inhibit cancer cell growth
Apple peel Apple peel consumption improves metabolic alterations associated with a fat-rich [199]

diet and also slows atherogenesis development

Avocado peel extracts

Avocado peel extract has been proved to be useful as an inhibitos for the
inflammation mediator nitric oxide by a possible reduction of free [70]
radicals during inflammation

Polyphenols from avocado peel and seed possess anticancer, antidiabetic, and

A 1 . . 44
vocado peel and seed antihypertensive effects [44]
The bioactive compounds extracted from peel demonstrate antioxidant,
Banana peel antibacterial, antifungal activity, reduce blood sugar, lower cholesterol, and show [21,186]
anti-angiogenic activity and neuro-protective effect
Banana peel Banana peels are us.ed t(? synthesize blo—.msplre.d silver nanopartllcles, Wl:llCh are [152]
used as antimicrobials to pathogenic fungi and some bacterial species
Citrus pulp and seed D-limonene was shown to exhibit a the%‘apegtlc effect on lung cancer in mice and [200,201]
breast cancer in mice and rats
Grape by-product Grape by—pljoducts used in 'pharmaceutlcals due to t'hler antibacterial, a}nthlral, [69,202]
and antifungal properties, they also showed anti-inflammatory actions
. Grape seed oil evaluated in various in vitro and in vivo tests showed
Grape seed oil .. . .. . . . . [203]
antimicrobial, anti-inflammatory, cardio-protective, and anticancer properties
Mango seed and peel Seed and peel extracts were shown to have anti-inflammatory and antioxidative [204]
& P properties during in vivo studies related to obesity, diabetes, CVD, and skin cancer
Mango pectin Pectin extracted from mango by—prOfiucts usgd for prevention and [205]
reduction of carcinogenesis
Mango seed /peel Mangiferin extracted and isolated from the seed/peel shows strong antioxidant, [206]

anti-tumor, antibacterial, and immuno-modulatory effects

Peach kernel

Peach kernel phenols, carotenoids, and cyanogenic glycosides have antidiabetic,

antioxidative, and anti-aging properties 2071
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Proper management of these by-products is believed to be the key opportunity to
increase their utilization. This includes cost-effective extraction techniques that give opti-
mum Yyields of the by-products for their reuse in a wide array of industrial applications.
Therefore, it is important to carry out such studies within the realm of fruit regarding the
by-products” extraction and wider utilization. This can significantly help to reduce food loss
and waste, which can improve food security and environmental sustainability. It has been
reported that fruit by-products such as skins, cores, stems, shells, stones, and seeds account
for 50-60% of fresh fruit. In most cases, by-products appear to have higher nutritional
values than the pulp [14]. Paradoxically, human feeding habits have given preference and
priority to a smaller portion of the fruit, resulting in food and nutritional insecurity.

Table 7. Utilization of some common fruit by-products in biotechnology.

Fruit By-Products Uses in Biotechnology Reference
Apple pomace Apple pomace used as a substrate for Value-added.pro?lucts, such as enzymes, [208]
aroma compounds, and organic acids
Avocado peel Carbonaceous material produced from avocado peel is used as alternative [209]
adsorbent for dyes removal
Banana peels can be used as substrates by solid state fermentation (SSF) to
Banana peel . [210]
produce enzymes and organic acids
Banana peel Organic acids (citric, lactic, and acetic acid) were successfully produced from [211]

banana peels with Aspergillus niger or Yarrowia lipolytica

Orange peels as a substrate to produce pectinolytic, cellulolytic, and xylanolytic

Orange peel enzymes by (SSF) using fungi from the genera Aspergillus, [66]
Fusarium, and Penicillium
Grape by-products Grape by-products have been used as a substrates for the. production of hydrolytic [212]
enzymes such as cellulase and pectinase
Mango peel Mango peels were used to produce lactic acid (up to 17.5g/L) [213]
and pectinase enzyme
Mango seed kernel Mango seed kernels were used to produce o-amylase with Fusarium soloni [214]
. Pineapple peel can be used as a substrate for methane, ethanol, and hydrogen
Pineapple peel generation by S. cerevisine and Enterobacter aerogenes [81
. Pineapple peels have been anaerobically digested to yield biogas
Pineapple peel in the form of methane (215]
Pineapple and orange peel Bioethanol is produced from fru}t peels of plpeapple, orange, and sweet lime [216]
using S. cerevisiae
Papaya seed Papaya seeds are used as biosorbents to remove heavy metals [217]

such as lead and cadmium

9. Summary and Research Needs

This review presents important information on fruit processing and by-product uti-
lization. Several previous studies have confirmed that depending on the type of fruit,
variety, and cultivation conditions, a loss of up to 60% occurs. Such a huge loss of fruit
by-products has a significant negative implication for the economy, environment, and social
well-being worldwide. Fruit by-products are good sources of nutrients and bioactive com-
ponents, implying that they could have an important role in functional food development.
These bioactive compounds have anticancer, antidiabetic, antimicrobial, antioxidative,
and immune-modulatory effects, confirming their role in nutraceuticals. Furthermore,
fruit processing and by-products are also used as substrates for the production of organic
acids, essential oils, enzymes, fuel, biodegradable packaging, and preservatives. Given
the significant importance of fruit-processing by-products in food insecurity alleviation,
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health promotion, and environmental sustainability, further studies aiming at addressing
this knowledge gap are greatly important.

Author Contributions: Conceptualization, E.T. and T.A.T.; methodology, E.T., TA.T. and M.M.U,;
writing—original draft preparation, E.T. and M.M.U.; writing—review and editing T.A.T., M.M.U,,
RN, J-RR, D.VH. and T.A,; supervision, TA.T,, RN,, .R.R., D.V.H. and T.A. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Food and Agriculture Organization of the United Nations. Influencing Food Environments for Healthy Diets; FAO: Rome, Italy, 2016.
Available online: http://www.fao.org/3/a-i6491e.pdf (accessed on 10 January 2022).

2. Food and Agriculture Organization of the United Nations. The State of Food and Agriculture, Moving Forward on Food Loss and Waste
Reduction; Food and Agriculture Organization of the United Nations: Rome, Italy, 2019.

3.  Godfray, H.C]J.; Beddington, ].R.; Crute, I.R.; Haddad, L.; Lawrence, D.; Muir, J.E; Pretty, J.; Robinson, S.; Thomas, S.M.;
Toulmin, C. Food Security: The challenge of feeding 9 billion people. Science 2010, 327, 812-818. [CrossRef] [PubMed]

4. Agro Press and Tomra Sorting Solutions Food. It Is Time to End Food Waste. 2019. Available online: https://www.tomra.com/
en/sorting/food /why/food-waste/ (accessed on 16 January 2022).

5. Food and Agriculture Organization of the United Nations. Global Initiative on Food Loss and Waste Reduction; FAO: Rome, Italy,
2015. Available online: http://www.fao.org/3/ai4068e.pdf (accessed on 25 March 2022).

6. Food and Agriculture Organization of the United Nations. Global Food Losses and Food Waste: Extent, Causes and Prevention; FAO:
Rome, Italy, 2011.

7. Gupta, K; Joshi, VK. Fermentative utilization of waste from food processing industry. In Postharvest Technology of Fruits and
Vegetables: Handling Processing Fermentation and Waste Management; Verma, L.R., Joshi, VK., Eds.; Indus Pub Co.: New Delhi, India,
2000; pp. 1171-1193.

8. Choonut, A.; Saejong, M.; Sangkharak, K. The production of ethanol and hydrogen from pineapple peel by Saccharomyces cerevisiae
and Enterobacter aerogenes. Energy Procedia 2014, 52, 242-249. [CrossRef]

9.  Parni, B.; Verma, Y. Biochemical properties in peel, pulp and seeds of Carica papaya. Plant Arch. 2014, 14, 565-568.

10. Mitra, S.K.; Pathak, PK.; Lembisana, H.D.; Chakraborty, I. Utilization of seed and peel of mango fruit. Acta Hortic. 2013, 992,
593-596. [CrossRef]

11. De Laurentiis, V.; Corrado, S.; Sala, S. Quantifying household waste of fresh fruit and vegetables in the EU. Waste Manag. 2018, 77,
238-251. [CrossRef]

12.  Sharma, K.; Mahato, N.; HwanCho, M.; Lee, Y.R. Converting citrus wastes into value-added products: Economic and environ-
mentally friendly approaches. Nutrition 2017, 34, 29—-46. [CrossRef]

13. Patel, S.N.; Sharma, M.; Lata, K,; Singh, U.; Kumar, V.; Rajender, S.S.; Singh, S. Improved operational stability of d-psicose
3-epimerase by a novel protein engineering strategy, and d-psicose production from fruit and vegetable residues. Bioresour.
Technol. 2016, 216, 121-127. [CrossRef]

14. Ayala-Zavala, ].F; Vega-Vega, V., Rosas-Dominguez, C.; Palafox-Carlos, H.; Villa-Rodriguez, J.A.; Siddiqui, M.W,;
Davila-Avifia, ].E.; Gonzalez-Aguilar, G.A. Agro-industrial potential of exotic fruit byproducts as a source of food addi-
tives. Food Res. Int. 2011, 44, 1866-1874. [CrossRef]

15. Fierascu, R.C.; Sieniawska, E.; Ortan, A.; Fierascu, I.; Xiao, J. Fruits By-Products—A Source of Valuable Active Principles. A Short
Review. Front. Bioeng. Biotechnol. 2020, 8, 319. [CrossRef]

16. Sagar, N.A,; Pareek, S.; Sharma, S.; Yahia, E.M.; Lobo, M.G. Fruit and Vegetable Waste: Bioactive Compounds, Their Extraction,
and Possible Utilization. Compr. Rev. Food Sci. Food Saf. 2018, 17, 512-531. [CrossRef]

17. Wang, L.; Wang, J.; Fang, L.; Zheng, Z.; Zhi, D.; Wang, S.; Zhao, H. Anticancer Activities of Citrus Peel Polymethoxy flavones
Related to Angiogenesis and Others. Biomed Res. Int. 2014, 2014, 453972. [CrossRef] [PubMed]

18. Aruna, S.; Suneetha, V. Studies on biochemical analysis and antioxidant property in culinary fruit peels collected from Kannama-
galam town of Vellore districts. Der Pharm. Lett. 2016, 8, 381-388.

19. Nguyen, N.M.P; Le, T.T.; Vissenaekens, H.; Gonzales, G.B.; Van Camp, ].; Smagghe, G.; Raes, K. In vitro antioxidant activity and
phenolic profiles of tropical fruit by-products. Int. . Food Sci. Technol. 2019, 54, 1169-1178. [CrossRef]

20. Mohapatra, D.; Mishra, S.; Sutar, N. Banana and its by-product utilization: An overview. J. Sci. Ind. Res. 2010, 69, 323-329.


http://www.fao.org/3/a-i6491e.pdf
https://doi.org/10.1126/science.1185383
https://www.ncbi.nlm.nih.gov/pubmed/20110467
https://www.tomra.com/en/sorting/food/why/food-waste/
https://www.tomra.com/en/sorting/food/why/food-waste/
http://www.fao.org/3/ai4068e.pdf
https://doi.org/10.1016/j.egypro.2014.07.075
https://doi.org/10.17660/ActaHortic.2013.992.74
https://doi.org/10.1016/j.wasman.2018.04.001
https://doi.org/10.1016/j.nut.2016.09.006
https://doi.org/10.1016/j.biortech.2016.05.053
https://doi.org/10.1016/j.foodres.2011.02.021
https://doi.org/10.3389/fbioe.2020.00319
https://doi.org/10.1111/1541-4337.12330
https://doi.org/10.1155/2014/453972
https://www.ncbi.nlm.nih.gov/pubmed/25250322
https://doi.org/10.1111/ijfs.14093

Sustainability 2023, 15, 7840 20 of 27

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Vu, H.T;; Scarlett, C.J.; Vuong, Q.V. Phenolic compounds within banana peel and their potential uses: A review. J. Funct. Foods
2018, 40, 238-248. [CrossRef]

Heuzé, V,; Tran, G.; Archimede, H. Banana Peels. Feedipedia, a Programme by INRAE, CIRAD, AFZ and FAO. 2016. Available
online: https:/ /www.feedipedia.org/node/684 (accessed on 4 October 2022).

Patkai, G. Fruit and fruit products as ingredients. In Handbook of Fruits and Fruit Processing; John Wiley & Sons: Hoboken, NJ,
USA, 2012; pp. 263-275.

Hesas, R.H.; Arami-Niya, A.; Daud, WM.A.W,; Sahu, ].N. Preparation and characterization of activated carbon from apple waste
by microwave-assisted phosphoric acid activation: Application in methylene blue adsorption. BioResources 2013, 8, 2950-2966.
Barreira, ].C.M.; Arraibi, A.A.; Ferreira, .C.ER. Bioactive and functional compounds in apple pomace from juice and 395 cider
manufacturing: Potential use in dermal formulations. Trends Food Sci. Technol. 2019, 90, 76-87. [CrossRef]

Vasantha Rupasinghe, H.P.; Wang, L.; Pitts, N.L.; Astatkie, T. Baking and sensory characteristics of muffins incorporated with
apple skin powder. J. Food Qual. 2009, 32, 685-694. [CrossRef]

AITC Canada, “Crop Byproducts”. 2023. Available online: https:/ /aitc-canada.ca/en-ca/learn-about-agriculture/sheet/crop-
byproducts (accessed on 4 October 2022).

Tharanathan, R.N.; Yashoda, H.M.; Prabha, T.N. Mango (Mangifera indica L.), “The King of Fruits”—An Overview. Food Rev. Int.
2006, 22, 95-123. [CrossRef]

Torres-Ledn, C.; Rojas, R.; Contreras-Esquivel, ].C.; Serna-Cock, L.; Belmares-Cerda, R.E.; Aguilar, C.N. Mango seed: Functional
and nutritional properties. Trends Food Sci. Technol. 2016, 55, 109-117. [CrossRef]

Ballesteros-Vivas, D.; Alvarez-Rivera, G.; Medina, S.J.M.; del Pilar Sanchez Camargo, A.; Ibanez, E.; Parada-Alfonso, F;
Cifuentes, A. An integrated approach for the valorization of mango seed kernel: Efficient extraction solvent selection, pho-
tochemical profiling and anti-proliferative activity assessment. Food Res. Int. 2019, 126, 108616. [CrossRef]

Kim, H.; Kim, H.; Mosaddik, A.; Gyawali, R.; Ahn, K.S.; Cho, S.K. Induction of apoptosis by ethanolic extract of mango peel
406 and comparative analysis of the chemical constitutes of mango peel and flesh. Food Chem. 2012, 133, 416-422. [CrossRef]
[PubMed]

Ajila, C.; Naidu, K.; Bhat, S.; Rao, U. Bioactive compounds and antioxidant potential of mango peel extract. Food Chem. 2007, 105,
982-988. [CrossRef]

Solis-Fuentes, J.A.; Duran-de-Bazta, M.C. Mango (Mangifera indica L.) seed and its fats. In Nuts and Seeds in Health and Disease
Prevention; Preedy, V., Watson, R.R., Patel, V.B., Eds.; Academic Press: San Diego, CA, USA, 2011; pp. 741-748.

CIRAD. Use of Mango By-Products—MANGOVAL. Available online: https://www.cirad.fr/en/worldwide/cirad-worldwide/
projects/mangoval-project (accessed on 6 October 2022).

Ledesma-Escobar, C.A.; Luque de Castro, M.D. Towards a comprehensive exploitation of citrus. Trends Food Sci. Technol. 2014, 39,
63-75. [CrossRef]

Okwu, D.E. Citrus fruits: A rich source of phytochemicals and their roles in human health. Int. ]. Chem. Sci. 2008, 6, 451-471.
Mahato, N.; Sinha, M.; Sharma, K.; Koteswararao, R.; Cho, M.H. Modern extraction and purification techniques for obtaining
high purity food-grade bioactive compounds and value-added co-products from citrus wastes. Foods 2019, 8, 523. [CrossRef]
[PubMed]

Zema, D.A.; Calabro, P.S.; Folino, A.; Tamburino, V.; Zappia, G.; Zimbone, S.M. Valorisation of citrus processing waste: A review.
Waste Manag. 2018, 80, 252-273. [CrossRef]

British, B. Cast. How Sicilian Oranges Are Being Made into Clothes. Available online: https://www.bbc.co.uk/news/business-
40946159 (accessed on 2 November 2022).

Bordiga, M.; Travaglia, F.; Locatelli, M. Valorisation of grape pomace: An approach that is increasingly reaching its maturity—A
review. Int. J. Food Sci. Technol. 2019, 54, 933-942. [CrossRef]

Beres, C.; Costa, G.N.S.; Cabezudo, L; da Silva-James, N.K,; Teles, A.S.C.; Cruz, A.P.G.; Mellinger-Silva, C.; Tonon, R.V.; Cabral,
L.M.C,; Freitas, S.P. Towards integral utilization of grape pomace from winemaking process: A review. Waste Manag. 2017, 68,
581-594. [CrossRef]

Brenes, A.; Viveros, A.; Chamorro, S.; Arija, I. Use of polyphenol-rich grape by-products in monogastric nutrition. A review.
Anim. Feed Sci. Technol. 2016, 211, 1-17. [CrossRef]

Chiara, C. Edible Innovations: Redirecting Wine Byproducts into Plant Based Leather. Available online: https://makezine.
com/article/home/food-beverage/edible-innovation-redirecting-wine-byproducts-into-plant-based-leather/ (accessed on
14 October 2022).

Aratjo, R.G.; Rodriguez-Jasso, R.M.; Ruiz, H.A ; Pintado, M.M.E.; Aguilar, C.N. Avocado by-products: Nutritional and functional
properties. Trends Food Sci. Technol. 2018, 80, 51-60. [CrossRef]

Yahia, E.M. The Contribution of Fruit and Vegetable Consumption to Human Health. In Fruit and Vegetable Phytochemicals:
Chemistry, Nutritional Value, and Stability; Yahia, E.M., Celis, M.E.M., Svendsen, M., Eds.; Wiley-Blackwell: Ames, IA, USA, 2009;
pp- 3-51.

Lopez-Cobo, A.; Gomez-Caravaca, A.M.; Pasini, F.; Caboni, M.F,; Segura-Carretero, A.; Fernandez-Gutiérrez, A. HPLC-DAD-ESI-
QTOF-MS and HPLC-FLD-MS as valuable tools for the determination of phenolic and other polar compounds in the edible part
and by-products of avocado. LWT Food Sci. Technol. 2016, 73, 505-513. [CrossRef]


https://doi.org/10.1016/j.jff.2017.11.006
https://www.feedipedia.org/node/684
https://doi.org/10.1016/j.tifs.2019.05.014
https://doi.org/10.1111/j.1745-4557.2009.00275.x
https://aitc-canada.ca/en-ca/learn-about-agriculture/sheet/crop-byproducts
https://aitc-canada.ca/en-ca/learn-about-agriculture/sheet/crop-byproducts
https://doi.org/10.1080/87559120600574493
https://doi.org/10.1016/j.tifs.2016.06.009
https://doi.org/10.1016/j.foodres.2019.108616
https://doi.org/10.1016/j.foodchem.2012.01.053
https://www.ncbi.nlm.nih.gov/pubmed/25683414
https://doi.org/10.1016/j.foodchem.2007.04.052
https://www.cirad.fr/en/worldwide/cirad-worldwide/projects/mangoval-project
https://www.cirad.fr/en/worldwide/cirad-worldwide/projects/mangoval-project
https://doi.org/10.1016/j.tifs.2014.07.002
https://doi.org/10.3390/foods8110523
https://www.ncbi.nlm.nih.gov/pubmed/31652773
https://doi.org/10.1016/j.wasman.2018.09.024
https://www.bbc.co.uk/news/business-40946159
https://www.bbc.co.uk/news/business-40946159
https://doi.org/10.1111/ijfs.14118
https://doi.org/10.1016/j.wasman.2017.07.017
https://doi.org/10.1016/j.anifeedsci.2015.09.016
https://makezine.com/article/home/food-beverage/edible-innovation-redirecting-wine-byproducts-into-plant-based-leather/
https://makezine.com/article/home/food-beverage/edible-innovation-redirecting-wine-byproducts-into-plant-based-leather/
https://doi.org/10.1016/j.tifs.2018.07.027
https://doi.org/10.1016/j.lwt.2016.06.049

Sustainability 2023, 15, 7840 21 of 27

47.

48.
49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.
74.

Donia, H. Avocado Guide: Benefits, Calories, Nutrition & Uses. Available online: https://www.hollandandbarrett.com/the-
health-hub/food-drink/nutrition/the-health-benefits-of-avocado/ (accessed on 14 September 2022).

Hemalatha, R.; Anbuselvi, S. Physicochemical constituents of pineapple pulp and waste. J. Chem. Pharm. Res. 2013, 5, 240-242.
QCOSTARICA, Costa Rica Has Become a Pineapple Pepublic. Available online: https://qcostarica.com/costa-rica-has-become-
a-pineapple-pepublic/?amp (accessed on 4 October 2022).

Bhushan, S.; Kalia, K.; Sharma, M.; Singh, B.; Ahuja, P.S. Processing of apple pomace for bioactive molecules. Crit. Rev. Biotechnol.
2008, 28, 285-296. [CrossRef] [PubMed]

Noor, S.A.A,; Siti, N.M.; Mahmad, N.J. Chemical Composition, Antioxidant Activity and Functional Properties of Mango
(Mangifera indica L. var Perlis Sunshine) Peel Flour (MPF). Appl. Mech. Mater. 2015, 754-755, 1065-1070. [CrossRef]

Dominguez, M.P,; Araus, K.; Bonert, P; Sanchez, E; San Miguel, G.; Toledo, M. The Avocado and Its Waste: An Approach of Fuel
Potential / Application. Handb. Environ. Chem. 2016, 34, 199-223.

Morais, D.R.; Rotta, E.M.; Sargi, S.C.; Bonafe, E.G.; Suzuki, RM.; Souza, N.E.; Matsushita, M.; Visentainer, J.V. Proximate
composition, mineral contents and fatty acid composition of the different parts and dried peels of tropical fruits cultivated in
Brazil. |. Braz. Chem. Soc. 2017, 28, 308-318. [CrossRef]

Sousa, E.C.; Uchda-Thomaz, A.M.A.; Carioca, ].O.B.; Morais, S.M.D.; Lima, A.D.; Martins, C.G.; Alexandrino, C.D.; Ferreira, P.A.T.;
Rodrigues, A.L.M.; Rodrigues, S.P; et al. Chemical composition and bioactive compounds of grape pomace (Vitis vinifera L.),
Benitaka variety, grown in the semiarid region of Northeast Brazil. Food Sci. Technol. 2014, 34, 135-142. [CrossRef]

Ani, PN.; Abel, H.C. Nutrient, phytochemical, and antinutrient composition of Citrus maxima fruit juice and peel extract. Food
Sci. Nutr. 2018, 6, 653-658. [CrossRef]

Babbar, N.; Oberoi, H.S.; Uppal, D.S; Patil, R.T. Total phenolic content and antioxidant capacity of extracts obtained from six
important fruit residues. Food Res. Int. 2011, 44, 391-396. [CrossRef]

Amini Khoozani, A.; Birch, ].; Bekhit, A.E.D.A. Production, application and health effects of banana pulp and peel flour in the
food industry. J. Food Sci. Technol. 2019, 56, 548-559. [CrossRef] [PubMed]

Happi Emaga, T.; Andrianaivo, R.H.; Wathelet, B.; Tchango, ].T.; Paquot, M. Effects of the stage of maturation and varieties on the
chemical composition of banana and plantain peels. Food Chem. 2007, 103, 590-600. [CrossRef]

Pelissari, EM.; Sobral, P.J.D.A.; Menegalli, F.C. Isolation and characterization of cellulose nano-fibers from banana peels. Cellulose
2014, 21, 417-432. [CrossRef]

Lavelli, V.; Corti, S. Phloridzin and other phytochemicals in apple pomace: Stability evaluation upon dehydration and storage of
dried product. Food Chem. 2011, 129, 1578-1583. [CrossRef]

Dhillon, G.S.; Kaur, S.; Brar, S.K. Perspective of apple processing wastes as low-cost substrates for bio-production of high value
products: A review. Renew. Sustain. Energy Rev. 2013, 27, 789-805. [CrossRef]

Nzikou, ] M.; Kimbonguila, A.; Matos, L.; Loumouamou, B.; Pambou-Tobi, N.P.G.; Ndangui, C.B.; Abena, A.A.; Silou, T.; Scher, J.;
Desobry, S. Extraction and characteristics of seed kernel oil from mango (Mangifera indica). Res. ]. Environ. Earth Sci. 2010, 2, 31-35.
Garcia-Lomillo, J.; Gonzalez-SanJosé, M.L.; Del Pino-Garcia, R.; Rivero-Pérez, M.D.; Muiiiz-Rodriguez, P. Antioxidant and
Antimicrobial Properties of Wine Byproducts and Their Potential Uses in the Food Industry. J. Agric. Food Chem. 2014, 62,
12595-12602. [CrossRef] [PubMed]

Jahurul, M.-H.A.; Zaidul, L.S.M.; Ghafoor, K.; Al-Juhaimi, FY.; Nyam, K.L.; Norulaini, N.A.N.; Sahena, F.; Mohd Omar, A.K.
Mango (Mangifera indica L.) by-products and their valuable components: A review. Food Chem. 2015, 183, 173-180. [CrossRef]
[PubMed]

Asif, A.; Farooq, U.; Akram, K; Hayat, Z.; Shafi, A.; Sarfraz, F.; Aftab, S. Therapeutic potentials of bioactive compounds from
mango fruit wastes. Trends Food Sci. Technol. 2016, 53, 102-112. [CrossRef]

Mamma, D.; Kourtoglou, E.; Christakopoulos, P. Fungal multienzyme production on industrial by-products of the citrus-
processing industry. Bioresour. Technol. 2008, 99, 2373-2383. [CrossRef]

Ben-Othman, S.; Joudu, L; Bhat, R. Bioactives from agri-food wastes: Present insights and future challenges. Molecules 2020,
25,510. [CrossRef] [PubMed]

Yu, J.; Ahmedna, M. Functional components of grape pomace: Their composition, biological properties and potential applications.
Int. J. Food Sci. Technol. 2013, 48, 221-237. [CrossRef]

Friedman, M. Antibacterial, antiviral, and antifungal properties of wines and winery byproducts in relation to their flavonoid
content. J. Agric. Food Chem. 2014, 62, 6025-6042. [CrossRef]

Tremocoldi, M.A.; Rosalen, P.L.; Franchin, M.; Massarioli, A.P.; Denny, C.; Daiuto, E.R; Alencar, S.M. Exploration of avocado
by-products as natural sources of bioactive compounds. PLoS ONE 2018, 13, e0192577. [CrossRef] [PubMed]

Huang, Y.L.; Chow, C.J.; Fang, Y.J. Preparation and physicochemical properties of fiber-rich fraction from pineapple peels 467 as a
potential ingredient. J. Food Drug Anal. 2011, 19, 318-323.

Roda, A.; Lambri, M. Food uses of pineapple waste and by-products: A review. Int. |. Food Sci. Technol. 2019, 54, 1009-1017.
[CrossRef]

Fowomola, M.A. Some nutrients and antinutrients contents of mango (Magnifera indica) seed. Afr. ]. Food Sci. 2010, 4, 472-476.
Egbuonu, A.C.C.; Opara, C.I; Atasie, O.C.; Mbah, U.O. Vitamins composition and antioxidant properties in normal and
monosodium glutamate-compromised rats” serum of Persea americana (Avocado Pear) seed. Open Access J. Chem. 2017, 1, 19-24.


https://www.hollandandbarrett.com/the-health-hub/food-drink/nutrition/the-health-benefits-of-avocado/
https://www.hollandandbarrett.com/the-health-hub/food-drink/nutrition/the-health-benefits-of-avocado/
https://qcostarica.com/costa-rica-has-become-a-pineapple-pepublic/?amp
https://qcostarica.com/costa-rica-has-become-a-pineapple-pepublic/?amp
https://doi.org/10.1080/07388550802368895
https://www.ncbi.nlm.nih.gov/pubmed/19051107
https://doi.org/10.4028/www.scientific.net/AMM.754-755.1065
https://doi.org/10.5935/0103-5053.20160178
https://doi.org/10.1590/S0101-20612014000100020
https://doi.org/10.1002/fsn3.604
https://doi.org/10.1016/j.foodres.2010.10.001
https://doi.org/10.1007/s13197-018-03562-z
https://www.ncbi.nlm.nih.gov/pubmed/30906012
https://doi.org/10.1016/j.foodchem.2006.09.006
https://doi.org/10.1007/s10570-013-0138-6
https://doi.org/10.1016/j.foodchem.2011.06.011
https://doi.org/10.1016/j.rser.2013.06.046
https://doi.org/10.1021/jf5042678
https://www.ncbi.nlm.nih.gov/pubmed/25493389
https://doi.org/10.1016/j.foodchem.2015.03.046
https://www.ncbi.nlm.nih.gov/pubmed/25863626
https://doi.org/10.1016/j.tifs.2016.05.004
https://doi.org/10.1016/j.biortech.2007.05.018
https://doi.org/10.3390/molecules25030510
https://www.ncbi.nlm.nih.gov/pubmed/31991658
https://doi.org/10.1111/j.1365-2621.2012.03197.x
https://doi.org/10.1021/jf501266s
https://doi.org/10.1371/journal.pone.0192577
https://www.ncbi.nlm.nih.gov/pubmed/29444125
https://doi.org/10.1111/ijfs.14128

Sustainability 2023, 15, 7840 22 of 27

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Campos, D.A.; Coscueta, E.R; Vilas-Boas, A.A.; Silva, S.; Teixeira, J.A.; Pastrana, L.M.; Pintado, M.M. Impact of functional flours
from pineapple by-products on human intestinal microbiota. J. Funct. Foods 2020, 67, 103830. [CrossRef]

Lebaka, V.R.; Wee, Y.J.; Ye, W.; Korivi, M. Nutritional composition and bioactive compounds in three different parts of mango
fruit. Int. . Environ. Res. Public Health 2021, 18, 741. [CrossRef]

Patra, A.; Abdullah, S.; Pradhan, R.C. Review on the extraction of bioactive compounds and characterization of fruit industry
by-products. Bioresour. Bioprocess. 2022, 9, 14. [CrossRef]

Islam, R.; Kamal, M.; Kabir, R.; Hasan, M.; Haque, A.R.; Hasan, S.M.K. Phenolic compounds and antioxidants activity of banana
peel extracts: Testing and optimization of enzyme-assisted conditions. Meas. Food 2023, 10, 100085. [CrossRef]

Ali, A.; Bashmil, Y.M.; Cottrell, ].J.; Suleria, H.A.R.; Dunshea, FR. Lc-ms/ms-qtof screening and identification of phenolic
compounds from Australian grown herbs and their antioxidant potential. Antioxidants 2021, 10, 1770. [CrossRef]

Wen, L.; Zhang, Z.; Sun, D.W.; Sivagnanam, S.P.; Tiwari, B.K. Combination of emerging technologies for the extraction of bioactive
compounds. Crit. Rev. Food Sci. Nutr. 2020, 60, 1826-1841. [CrossRef]

Kuppusamy, S.; Venkateswarlu, K.; Megharaj, M. Examining the polyphenol content, antioxidant activity and fatty acid
composition of twenty-one different wastes of fruits, vegetables, oilseeds and beverages. SN Appl. Sci. 2020, 2, 673. [CrossRef]
Hikal, W.M.; Said-Al Ahl, H.A. Banana peels as possible antioxidant and antimicrobial agents. Asian J. Res. Rev. Agric. 2021, 3,
35-45.

Chueh, C.C;; Lin, L]; Lin, W.C.; Huang, S.H.; Jan, M.S.; Chang, S.C.; Chung, W.S.; Lee, T.T. Antioxidant capacity of banana peel
and its modulation of Nrf2-ARE associated gene expression in broiler chickens. Ital. ]. Anim. Sci. 2019, 18, 1394-1403. [CrossRef]
Castejon, M.L.; Montoya, T.; Alarcon-de-la-lastra, C.; Sanchez-hidalgo, M. Potential protective role exerted by secoiridoids from
olea europaea l. In cancer, cardiovascular, neurodegenerative, aging-related, and immunoinflammatory diseases. Antioxidants
2020, 9, 149. [CrossRef]

Zhang, J.; Wang, Y.; Yang, B.; Li, Y,; Liu, L.; Zhou, W.; Zheng, S.J. 2022. Profiling of phenolic compounds of fruit peels of different
ecotype bananas derived from domestic and imported cultivars with different maturity. Horticulturae 2022, 8, 70. [CrossRef]
Phacharapiyangkul, N.; Thirapanmethee, K.; Sa-Ngiamsuntorn, K.; Panich, U.; Lee, C.H.; Chomnawang, M.T. Effect of sucrier
banana peel extracts on inhibition of melanogenesis through the ERK signaling pathway. Int. J. Med. Sci. 2019, 16, 607. [CrossRef]
Gotebiewska, E.; Kalinowska, M.; Yildiz, G. Sustainable Use of Apple Pomace (AP) in Different Industrial Sectors. Materials 2022,
15, 1788. [CrossRef] [PubMed]

Szabo, K.; Mitrea, L.; Calinoiu, L.F.; Teleky, B.E.; Martau, G.A.; Plamada, D.; Pascuta, M.S.; Nemes, S.A.; Varvara, R.A.; Vodnar, D.C.
Natural Polyphenol Recovery from Apple-, Cereal-, and Tomato-Processing By-Products and Related Health-Promoting Properties.
Molecules 2022, 27,7977. [CrossRef] [PubMed]

Mucha, P;; Skoczyniska, A.; Matecka, M.; Hikisz, P.; Budzisz, E. Overview of the antioxidant and anti-inflammatory activities of
selected plant compounds and their metal ions complexes. Molecules 2021, 26, 4886. [CrossRef] [PubMed]

Abdul Aziz, N.A.; Wong, L.M.; Bhat, R.; Cheng, L.H. Evaluation of processed green and ripe mango peel and pulp flours
(Mangifera indica var. Chokanan) in terms of chemical composition, antioxidant compounds and functional properties. . Sci. Food
Agric. 2012, 92, 557-563. [CrossRef]

Sorrenti, V.; Buro, I.; Consoli, V.; Vanella, L. Recent Advances in Health Benefits of Bioactive Compounds from Food Wastes and
By-Products: Biochemical Aspects. Int. |. Mol. Sci. 2023, 24, 2019. [CrossRef]

Mamma, D.; Christakopoulos, P. Biotransformation of Citrus By-Products into Value Added Products. Waste Biomass Valorization
2014, 5, 529-549. [CrossRef]

Singh, B.; Singh, J.P,; Kaur, A.; Singh, N. Phenolic composition, antioxidant potential and health benefits of citrus peel. Food Res.
Int. 2020, 132, 109114. [CrossRef]

Putnik, P,; Bursa¢ Kovacevi¢, D.; Rezek Jambrak, A.; Barba, EJ.; Cravotto, G.; Binello, A.; Lorenzo, ].M.; Shpigelman, A. Innovative
“green” and novel strategies for the extraction of bioactive added value compounds from citrus wastes—A review. Molecules 2017,
22, 680. [CrossRef]

Sun, W.; Shahrajabian, M.H. Therapeutic Potential of Phenolic Compounds in Medicinal Plants—Natural Health Products for
Human Health. Molecules 2023, 28, 1845. [CrossRef]

Kumar, N.; Goel, N. Phenolic acids: Natural versatile molecules with promising therapeutic applications. Biotechnol. Rep. 2019,
24, e00370. [CrossRef]

Nayak, A.; Bhushan, B.; Rosales, A.; Turienzo, L.R.; Cortina, ].L. Valorisation potential of Cabernet grape pomace for the recovery
of polyphenols: Process intensification, optimisation and study of kinetics. Food Bioprod. Process. 2018, 109, 74-85. [CrossRef]
Chakka, A.K.; Babu, A.S. Bioactive Compounds of Winery by-products: Extraction Techniques and their Potential Health Benefits.
Appl. Food Res. 2022, 2, 100058. [CrossRef]

Olejar, K.J.; Ricci, A.; Swift, S.; Zujovic, Z.; Gordon, K.C.; Fedrizzi, B.; Versari, A.; Kilmartin, P.A. Characterization of an antioxidant
and antimicrobial extract from cool climate, white grape marc. Antioxidants 2019, 8, 232. [CrossRef] [PubMed]

Andrade, M.A ; Lima, V; Silva, A.S; Vilarinho, F; Castilho, M.C.; Khwaldia, K.; Ramos, F. Pomegranate and grape by-products
and their active compounds: Are they a valuable source for food applications? Trends Food Sci. Technol. 2019, 86, 68-84. [CrossRef]
Averilla, J.N.; Oh, J.; Kim, HJ.; Kim, J.S.; Kim, J.S. Potential health benefits of phenolic compounds in grape processing by-products.
Food Sci. Biotechnol. 2019, 28, 1607-1615. [CrossRef] [PubMed]


https://doi.org/10.1016/j.jff.2020.103830
https://doi.org/10.3390/ijerph18020741
https://doi.org/10.1186/s40643-022-00498-3
https://doi.org/10.1016/j.meafoo.2023.100085
https://doi.org/10.3390/antiox10111770
https://doi.org/10.1080/10408398.2019.1602823
https://doi.org/10.1007/s42452-020-2441-9
https://doi.org/10.1080/1828051X.2019.1667884
https://doi.org/10.3390/antiox9020149
https://doi.org/10.3390/horticulturae8010070
https://doi.org/10.7150/ijms.32137
https://doi.org/10.3390/ma15051788
https://www.ncbi.nlm.nih.gov/pubmed/35269018
https://doi.org/10.3390/molecules27227977
https://www.ncbi.nlm.nih.gov/pubmed/36432076
https://doi.org/10.3390/molecules26164886
https://www.ncbi.nlm.nih.gov/pubmed/34443474
https://doi.org/10.1002/jsfa.4606
https://doi.org/10.3390/ijms24032019
https://doi.org/10.1007/s12649-013-9250-y
https://doi.org/10.1016/j.foodres.2020.109114
https://doi.org/10.3390/molecules22050680
https://doi.org/10.3390/molecules28041845
https://doi.org/10.1016/j.btre.2019.e00370
https://doi.org/10.1016/j.fbp.2018.03.004
https://doi.org/10.1016/j.afres.2022.100058
https://doi.org/10.3390/antiox8070232
https://www.ncbi.nlm.nih.gov/pubmed/31330796
https://doi.org/10.1016/j.tifs.2019.02.010
https://doi.org/10.1007/s10068-019-00628-2
https://www.ncbi.nlm.nih.gov/pubmed/31807333

Sustainability 2023, 15, 7840 23 of 27

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Iannone, A.; Sapone, V.; Di Paola, L.; Cicci, A.; Bravi, M. Extraction of Anthocyanins from Grape (Vitis vinifera) Skins Employing
Natural Deep Eutectic Solvents (NaDES). Chem. Eng. Trans. 2021, 87, 469-474.

Coelho, M.C,; Pereira, R.N.; Rodrigues, A.S.; Teixeira, J.A.; Pintado, M.E. The use of emergent technologies to extract added value
compounds from grape by-products. Trends Food Sci. Technol. 2020, 106, 182-197. [CrossRef]

Salazar-Lopez, N.J.; Dominguez-Avila, ]J.A.; Yahia, E.M.; Belmonte-Herrera, B.H.; Wall-Medrano, A.; Montalvo-Gonzalez, E.;
Gonzalez-Aguilar, G.A. Avocado fruit and by-products as potential sources of bioactive compounds. Food Res. Int. 2020,
138,109774. [CrossRef]

Rodriguez-Martinez, B.; Romani, A.; Eibes, G.; Garrote, G.; Gullén, B.; del Rio, P.G. Potential and prospects for utilization of
avocado by-products in integrated biorefineries. Bioresour. Technol. 2022, 364, 128034. [CrossRef]

Athaydes, B.R.; Alves, G.M.; de Assis, A.L.E.M.; Gomes, ].V.D.; Rodrigues, R.P.; Campagnaro, B.P.; Nogueira, B.V,; Silveira, D.;
Kuster, RM.; Pereira, TM.C,; et al. Avocado seeds (Persea americana Mill.) prevents indomethacin-induced gastric ulcer in mice.
Food Res. Int. 2019, 119, 751-760. [CrossRef]

Oboh, G.; Odubanjo, V.O.; Bello, E; Ademosun, A.O.; Oyeleye, S.I; Nwanna, E.E.; Ademiluyi, A.O. Aqueous extracts of avocado
pear (Persea americana Mill.) leaves and seeds exhibit anti-cholinesterases and antioxidant activities in vitro. J. Basic Clin. Physiol.
Pharmacol. 2016, 27, 131-140. [CrossRef] [PubMed]

Santana, I.; Castelo-Branco, V.N.; Guimaraes, B.M.; de Oliveira Silva, L.; Peixoto, V.O.D.S.; Cabral, L.M.C; Freitas, S.P,; Torres, A.G.
Hass avocado (Persea americana Mill.) oil enriched in phenolic compounds and tocopherols by expeller-pressing the unpeeled
microwave dried fruit. Food Chem. 2019, 286, 354-361. [CrossRef] [PubMed]

Ortega-Arellano, H.F; Jimenez-Del-Rio, M.; Velez-Pardo, C. Neuroprotective effects of methanolic extract of avocado
Persea americana (var. Colinred) peel on paraquat-induced locomotor impairment, lipid peroxidation and shortage of life span in
transgenic knockdown parkin drosophila melanogaster. Neurochem. Res. 2019, 44, 1986-1998. [CrossRef] [PubMed]

Vinha, A.F.; Sousa, C.; Soares, M.O.; Barreira, S.V.P. Avocado and its by-products: Natural sources of nutrients, phytochemical
compounds and functional properties. In Current Research in Agricultural and Food Science Volume 1; Book Publisher International:
New York, NY, USA, 2020; Chapter 9.

Santos, D.; da Silva, ].A.L.; Pintado, M. Fruit and vegetable by-products’ flours as ingredients: A review on production process,
health benefits and technological functionalities. LWT Food Sci. Technol. 2022, 154, 112707. [CrossRef]

Brito, T.B.N.; Lima, L.R.S.; Santos, M.C.B.; Moreira, R.EA.; Cameron, L.C.; Fai, A.E.C.; Ferreira, M.S.L. Antimicrobial, antioxidant,
volatile and phenolic profiles of cabbage-stalk and pineapple-crown flour revealed by GC-MS and UPLC-MSE. Food Chem. 2021,
339, 127882. [CrossRef]

Valdés Garcia, A.; Domingo Martinez, M.I.; Ponce Landete, M.; Prats Moya, M.S.; Beltran Sanahuja, A. Potential of industrial
pineapple (Ananas comosus (L.) Merrill) by-products as aromatic and antioxidant sources. Antioxidants 2021, 10, 1767. [CrossRef]
Barba, FJ.; Nikmaram, N.; Roohinejad, S.; Khelfa, A.; Zhu, Z.; Koubaa, M. Bioavailability of glucosinolates and their breakdown
products: Impact of processing. Front. Nutr. 2016, 3, 24. [CrossRef]

Rodriguez, L.G.R.; Gasga, VM.Z.; Pescuma, M.; Van Nieuwenhove, C.; Mozzi, E; Burgos, J.A.S. Fruits and fruit by-products
as sources of bioactive compounds. Benefits and trends of lactic acid fermentation in the development of novel fruit-based
functional beverages. Food Res. Int. 2021, 140, 109854. [CrossRef]

Marathe, S.J.; Jadhav, S.B.; Bankar, S.B.; Dubey, K.K,; Singhal, R.S. Improvements in the extraction of bioactive compounds by
enzymes. Curr. Opin. Food Sci. 2019, 25, 62-72. [CrossRef]

Mari¢, M,; Grassino, A.N.; Zhu, Z.; Barba, EJ.; Brn¢i¢, M.; Brnéi¢, SR. An overview of the traditional and innovative approaches
for pectin extraction from plant food wastes and by-products: Ultrasound-, microwaves-, and enzyme-assisted extraction. Trends
Food Sci. Technol. 2018, 76, 28-37. [CrossRef]

Catalkaya, G.; Kahveci, D. Optimization of enzyme assisted extraction of lycopene from industrial tomato waste. Sep. Purif.
Technol. 2019, 219, 55-63. [CrossRef]

Silva, M.; Kadam, M.R.; Munasinghe, D.; Shanmugam, A.; Chandrapala, J. Encapsulation of Nutraceuticals in Yoghurt and
Beverage Products Using the Ultrasound and High-Pressure Processing Technologies. Foods 2022, 11, 2999. [CrossRef] [PubMed]
Ferrentino, G.; Asaduzzaman, M.; Scampicchio, M.M. Current technologies and new insights for the recovery of high valuable
compounds from fruits by-products. Crit. Rev. Food Sci. Nutr. 2018, 58, 386—404. [CrossRef] [PubMed]

Aganovic, K.; Hertel, C.; Vogel, R.E; Johne, R.; Schliiter, O.; Schwarzenbolz, U.; Jager, H.; Holzhauser, T.; Bergmair, J.; Roth, A,;
et al. Aspects of high hydrostatic pressure food processing: Perspectives on technology and food safety. Compr. Rev. Food Sci.
Food Saf. 2021, 20, 3225-3266. [CrossRef]

Zhu, Z.; Gavahian, M.; Barba, EJ.; Rosell6-Soto, E.; Kovacevi¢, D.B.; Putnik, P.; Denoya, G.I. Valorization of waste and by-products
from food industries through the use of innovative technologies. In Agri-Food Industry Strategies for Healthy Diets and Sustainability;
Academic Press: Cambridge, CA, USA, 2020; pp. 249-266.

Jha, A.K,; Sit, N. Extraction of bioactive compounds from plant materials using combination of various novel methods: A review.
Trends Food Sci. Technol. 2022, 119, 579-591. [CrossRef]

De la Pefia Armada, R.; Villanueva-Sudarez, M.].; Mateos-Aparicio, I. High hydrostatic pressure processing enhances pectin
solubilisation on apple by-product improving techno-functional properties. Eur. Food Res. Technol. 2020, 246, 1691-1702.
[CrossRef]


https://doi.org/10.1016/j.tifs.2020.09.028
https://doi.org/10.1016/j.foodres.2020.109774
https://doi.org/10.1016/j.biortech.2022.128034
https://doi.org/10.1016/j.foodres.2018.10.057
https://doi.org/10.1515/jbcpp-2015-0049
https://www.ncbi.nlm.nih.gov/pubmed/26812783
https://doi.org/10.1016/j.foodchem.2019.02.014
https://www.ncbi.nlm.nih.gov/pubmed/30827618
https://doi.org/10.1007/s11064-019-02835-z
https://www.ncbi.nlm.nih.gov/pubmed/31309393
https://doi.org/10.1016/j.lwt.2021.112707
https://doi.org/10.1016/j.foodchem.2020.127882
https://doi.org/10.3390/antiox10111767
https://doi.org/10.3389/fnut.2016.00024
https://doi.org/10.1016/j.foodres.2020.109854
https://doi.org/10.1016/j.cofs.2019.02.009
https://doi.org/10.1016/j.tifs.2018.03.022
https://doi.org/10.1016/j.seppur.2019.03.006
https://doi.org/10.3390/foods11192999
https://www.ncbi.nlm.nih.gov/pubmed/36230075
https://doi.org/10.1080/10408398.2016.1180589
https://www.ncbi.nlm.nih.gov/pubmed/27246960
https://doi.org/10.1111/1541-4337.12763
https://doi.org/10.1016/j.tifs.2021.11.019
https://doi.org/10.1007/s00217-020-03524-w

Sustainability 2023, 15, 7840 24 of 27

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.
139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

Briones-Labarca, V.; Plaza-Morales, M.; Giovagnoli-Vicufia, C.; Jamett, F. High hydrostatic pressure and ultrasound extractions of
antioxidant compounds, sulforaphane and fatty acids from Chilean papaya (Vasconcellea pubescens) seeds: Effects of extraction
conditions and methods. LWT Food Sci. Technol. 2015, 60, 525-534. [CrossRef]

Torres-Ossandén, M.J.; Vega-Galvez, A.; Lopez, J.; Stucken, K.; Romero, J.; Di Scala, K. Effects of high hydrostatic pres-
sure processing and supercritical fluid extraction on bioactive compounds and antioxidant capacity of Cape gooseberry pulp
(Physalis peruviana L.). . Supercrit. Fluids 2018, 138, 215-220. [CrossRef]

Putnik, P; Bursa¢ Kovacevi¢, D.; Jezek, D.; Susti¢, L; Zorié, Z.; Dragovié-Uzelac, V. High-pressure recovery of anthocyanins from
grape skin pomace (Vitis vinifera cv. Teran) at moderate temperature. J. Food Process. Preserv. 2018, 42, €13342. [CrossRef]
Papaioannou, E.H.; Mazzei, R.; Bazzarelli, F.; Piacentini, E.; Giannakopoulos, V.; Roberts, M.R.; Giorno, L. Agri-Food Industry
Waste as Resource of Chemicals: The Role of Membrane Technology in Their Sustainable Recycling. Sustainability 2022, 14, 1483.
[CrossRef]

Castro-Mufioz, R.; Boczkaj, G.; Gontarek, E.; Cassano, A.; Fila, V. Membrane technologies assisting plant-based and agro-food
by-products processing: A comprehensive review. Trends Food Sci. Technol. 2020, 95, 219-232. [CrossRef]

Nazir, A.; Khan, K,; Maan, A.; Zia, R.; Giorno, L.; Schroén, K. Membrane separation technology for the recovery of nutraceuticals
from food industrial streams. Trends Food Sci. Technol. 2019, 86, 426-438. [CrossRef]

Bagade, S.B.; Patil, M. Critical reviews in analytical chemistry recent advances in microwave assisted extraction of bioactive
compounds from complex herbal samples. A Rev. Crit. Rev. Anal. Chem. 2019, 51, 138-149. [CrossRef] [PubMed]

Kultys, E.; Kurek, M.A. Green Extraction of Carotenoids from Fruit and Vegetable Byproducts: A Review. Molecules 2022, 27, 518.
[CrossRef]

Bener, M; Sen, EB.; Onem, AN.; Bekdeser, B.; Celik, S.E.; Lalikoglu, M.; Asci, Y.S.; Capanoglu, E.; Apak, R. 2022. Microwave-
assisted extraction of antioxidant compounds from by-products of Turkish hazelnut (Corylus avellana L.) using natural deep
eutectic solvents: Modeling, optimization and phenolic characterization. Food Chem. 2022, 385, 132633. [CrossRef] [PubMed]
Skenderidis, P.; Leontopoulos, S.; Petrotos, K.; Giavasis, I. Optimization of vacuum microwave-assisted extraction of pomegranate
fruits peels by the evaluation of extracts” phenolic content and antioxidant activity. Foods 2020, 9, 1655. [CrossRef]

Alchera, F.; Ginepro, M.; Giacalone, G. Microwave-Assisted Extraction of Polyphenols from Blackcurrant By-Products and
Possible Uses of the Extracts in Active Packaging. Foods 2022, 11, 2727. [CrossRef]

Ordofiez-Torres, A.; Torres-Leén, C.; Hernandez-Almanza, A.; Flores-Guia, T, Luque-Contreras, D.; Aguilar, C.N,;
Ascacio-Valdés, J. Ultrasound-microwave-assisted extraction of polyphenolic compounds from Mexican “Ataulfo” mango peels:
Antioxidant potential and identification by HPLC/ESI/MS. Phytochem. Anal. 2021, 32, 495-502. [CrossRef]

Monrad, ].K.; Howard, L.R.; King, ].W,; Srinivas, K.; Mauromoustakos, A. Subcritical solvent extraction of anthocyanins from
dried red grape pomace. J. Agric. Food Chem. 2010, 58, 2862-2868. [CrossRef]

Antony, A.; Farid, M. Effect of Temperatures on Polyphenols during Extraction. Appl. Sci. 2022, 12, 2107. [CrossRef]

Wijngaard, H.; Brunton, N. The optimization of extraction of antioxidants from apple pomace by pressurized liquids. ]. Agric.
Food Chem. 2009, 57, 10625-10631. [CrossRef] [PubMed]

Ranjha, M.M.A,; Kanwal, R.; Shafique, B.; Arshad, R.N,; Irfan, S.; Kieliszek, M.; Kowalczewski, P.L.; Irfan, M.; Khalid, M.Z,;
Roobab, U.; et al. A critical review on pulsed electric field: A novel technology for the extraction of phytoconstituents. Molecules
2021, 26, 4893. [CrossRef] [PubMed]

Saulis, G. Electroporation of cell membranes: The fundamental effects of pulsed electric fields in food processing. Food Eng. Rev.
2010, 2, 52-73. [CrossRef]

Bobinaite, R.; Pataro, G.; Lamanauskas, N.; Satkauskas, S.; Vigkelis, P; Ferrari, G. Application of pulsed electric field in the
production of juice and extraction of bioactive compounds from blueberry fruits and their by-products. J. Food Sci. Technol. 2015,
52,5898-5905. [CrossRef] [PubMed]

Redondo, D.; Venturini, M.E.; Luengo, E.; Raso, J.; Arias, E. Pulsed electric fields as a green technology for the extraction of
bioactive compounds from thinned peach by-products. Innov. Food Sci. Emerg. Technol. 2018, 45, 335-343. [CrossRef]
Medina-Meza, 1.G.; Barbosa-Canovas, G.V. Assisted extraction of bioactive compounds from plum and grape peels by ultrasonics
and pulsed electric fields. J. Food Eng. 2015, 166, 268-275. [CrossRef]

Sathasivam, R.; Muthuraman, M.S.; Park, S.U. Intensification of supercritical fluid in the extraction of flavonoids: A comprehensive
review. Physiol. Mol. Plant Pathol. 2022, 118, 101815.

Salinas, F.; Vardanega, R.; Espinosa-AlvareZ, C.; Jimenez, D.; Munoz, W.B.; Ruiz-Dominguez, M.C.; Meireles, M.A.A; Cerezal-
Mezquita, P. Supercritical fluid extraction of chanar (Geoffroea decorticans) almond oil: Global yield, kinetics and oil characterization.
J. Supercrit. Fluids 2020, 161, 104824. [CrossRef]

Del Pilar Sanchez-Camargo, A.; Gutierrez, L.E; Vargas, S.M.; Martinez-Correa, H.A.; Parada-Alfonso, F.; Narvaez-Cuenca, C.E.
Valorisation of mango peel: Proximate composition, supercritical fluid extraction of carotenoids, and application as an antioxidant
additive for an edible oil. J. Supercrit. Fluids 2019, 152, 104574. [CrossRef]

Low, Z.L,; Low, D.Y.S.; Tang, S.Y.; Manickam, S.; Tan, KW.; Ban, Z.H. Ultrasonic cavitation: An effective cleaner and greener
intensification technology in the extraction and surface modification of nanocellulose. Ultrason. Sonochem. 2022, 90, 106176.
Kerboua, K.; Mazouz, D.; Hasaounia, I.; Hamdaoui, O. Mechanical Technologies: Ultrasound and Cavitation in Food Processing.
In Nonthermal Processing in Agri-Food-Bio Sciences: Sustainability and Future Goals; Rezek Jambrak, A., Ed.; Springer: Cham,
Switzerland, 2022; pp. 189-221.


https://doi.org/10.1016/j.lwt.2014.07.057
https://doi.org/10.1016/j.supflu.2018.05.005
https://doi.org/10.1111/jfpp.13342
https://doi.org/10.3390/su14031483
https://doi.org/10.1016/j.tifs.2019.12.003
https://doi.org/10.1016/j.tifs.2019.02.049
https://doi.org/10.1080/10408347.2019.1686966
https://www.ncbi.nlm.nih.gov/pubmed/31729248
https://doi.org/10.3390/molecules27020518
https://doi.org/10.1016/j.foodchem.2022.132633
https://www.ncbi.nlm.nih.gov/pubmed/35279500
https://doi.org/10.3390/foods9111655
https://doi.org/10.3390/foods11182727
https://doi.org/10.1002/pca.2997
https://doi.org/10.1021/jf904087n
https://doi.org/10.3390/app12042107
https://doi.org/10.1021/jf902498y
https://www.ncbi.nlm.nih.gov/pubmed/19845350
https://doi.org/10.3390/molecules26164893
https://www.ncbi.nlm.nih.gov/pubmed/34443475
https://doi.org/10.1007/s12393-010-9023-3
https://doi.org/10.1007/s13197-014-1668-0
https://www.ncbi.nlm.nih.gov/pubmed/26345006
https://doi.org/10.1016/j.ifset.2017.12.004
https://doi.org/10.1016/j.jfoodeng.2015.06.012
https://doi.org/10.1016/j.supflu.2020.104824
https://doi.org/10.1016/j.supflu.2019.104574

Sustainability 2023, 15, 7840 25 of 27

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.
167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

Singla, M.; Sit, N. Application of ultrasound in combination with other technologies in food processing: A review. Ultrason.
Sonochem. 2021, 73, 105506. [CrossRef] [PubMed]

Sengar, A.S.; Rawson, A.; Muthiah, M.; Kalakandan, S.K. Comparison of different ultrasound assisted extraction techniques for
pectin from tomato processing waste. Ultrason. Sonochem. 2020, 61, 104812. [CrossRef]

Bankar, A.; Joshi, B.; Kumar, A.R; Zinjarde, S. Banana peel extract mediated novel route for the synthesis of silver nanoparticles.
Colloids Surfaces A Physicochem. Eng. Asp. 2010, 368, 58-63. [CrossRef]

Igbal, M.; Saeed, A.; Zafar, S.I. FTIR spectrophotometry, kinetics and adsorption isotherms modeling, ion exchange, and EDX
analysis for understanding the mechanism of Cd2+ and Pb2+ removal by mango peel waste. . Hazard. Mater. 2009, 164, 161-171.
[CrossRef] [PubMed]

Wang, J.; Chen, C. Biosorbents for heavy metals removal and their future. Biotechnol. Adv. 2009, 27, 195-226. [CrossRef]
Premkumar, M.; Shanthakumar, S. Process optimization for Cr(VI) removal by Mangifera Indica seed powder: A response surface
methodology approach. Desalin. Water Treat. 2015, 53, 1653-1663. [CrossRef]

Franca, A.S.; Oliveira, L.S.; Saldanha, S.A.; Santos, PI1.A.; Salum, S.S. Malachite green adsorption by mango (Mangifera indica L.)
seed husks: Kinetic, equilibrium and thermodynamic studies. Desalin. Water Treat. 2010, 19, 241-248. [CrossRef]

Cam, M,; Igyer, N.C.; Erdogan, F. Pomegranate peel phenolics: Microencapsulation, storage stability and potential ingredient for
functional food development. LWT Food Sci. Technol. 2014, 55, 117-123. [CrossRef]

Giizel, M.; Akpmar, O. Valorisation of fruit by-products: Production characterization of pectins from fruit peels. Food Bioprod.
Process. 2019, 115, 126-133. [CrossRef]

Samia El-Safy, F.; Salem, R H.; Abd El-Ghany, M.E. Chemical and Nutritional Evaluation of Different Seed Flours as Novel Sources
of Protein. World J. Dairy Food Sci. 2012, 7, 59-65.

Huang, L.; Luo, H; Li, Q.; Wang, D.; Zhang, ].; Hao, X.; Yang, X. Pentacyclic triterpene derivatives possessing polyhydroxyl ring
A inhibit Gram-positive bacteria growth by regulating metabolism and virulence genes expression. Eur. |. Med. Chem. 2015, 95,
64-75. [CrossRef] [PubMed]

Liu, S.; Zhang, S.; Lv, X,; Ly, J.; Ren, C.; Zeng, Z.; Zheng, L.; Zhou, X.; Fu, H.; Zhou, D.; et al. Limonin ameliorates ulcerative
colitis by regulating STAT3/miR-214 signaling pathway. Int. Immunopharmacol. 2019, 75, 105768. [CrossRef] [PubMed]
Brandao, P; Sharma, K.; Sinha, M.; Cho, H.M. Citrus waste derived nutra-/pharmaceuticals for health benefits: Current trends
and future perspectives. |. Funct. Foods 2017, 13, 54-55.

Wang, Z.; Xu, B.; Luo, H.; Meng, K; Wang, Y.; Liu, M.; Bai, Y.; Yao, B.; Tu, T. Production pectin oligosaccharides using Humicola
insolens Y1-derived unusual pectate lyase. ]. Biosci. Bioeng. 2020, 129, 16-22. [CrossRef]

Merheb, R.; Abdel-Massih, R.M.; Karam, M.C. Immunomodulatory effect of natural and modified Citrus pectin on cytokine levels
in the spleen of BALB/c mice. Int. . Biol. Macromol. 2019, 121, 1-5. [CrossRef]

Chavan, P; Singh, A K.; Kaur, G. Recent progress in the utilization of industrial waste and by-products of citrus fruits: A review.
J. Food Process Eng. 2018, 41, €12895. [CrossRef]

Upadhyay, A.; Lama, J.P.,; Tawata, S. Utilization of Pineapple Waste: A Review. J. Food Sci. Technol. Nepal 2010, 6, 10-18. [CrossRef]
Deliza, R.; Rosenthal, A.; Abadio, EB.D.; Silva, C.H.O.; Castillo, C. Application of high pressure technology in the fruit juice
processing: Benefits perceived by consumers. J. Food Eng. 2005, 67, 241-246. [CrossRef]

Saraswaty, V.; Risdian, C.; Primadona, I.; Andriyani, R.; Andayani, D.G.S.; Mozef, T. Pineapple peel wastes as a potential source
of antioxidant compounds. IOP Conf. Ser. Earth Environ. Sci. 2017, 60, 012013. [CrossRef]

Segui Gil, L.; Fito Maupoey, P. An integrated approach for pineapple waste valorization. Bio-ethanol production and bromelain
extraction from pineapple residues. . Clean. Prod. 2018, 172, 1224-1231. [CrossRef]

Choi, Y.-S.; Kim, Y.-B.; Hwang, K.-E.; Song, D.-H.; Ham, Y.-K.; Kim, H.-W.; Kim, C.-]. Effect of apple pomace fiber and pork fat
levels on quality characteristics of uncured, reduced-fat chicken sausages. Poult. Sci. ]. 2016, 95, 1465-1471. [CrossRef] [PubMed]
Huc-Mathis, D.; Journet, C.; Fayolle, N.; Bose, V. Emulsifying properties of food by-products: Valorizing apple pomace and oat
bran. Colloids Surf. A Physicochem. Eng. Asp. 2019, 568, 84-91. [CrossRef]

Perussello, C.A.; Zhang, Z.; Marzocchella, A.; Tiwari, B.K. Valorization of Apple Pomace by Extraction of Valuable Compounds.
Compr. Rev. Food Sci. Food Saf. 2017, 16, 776-796. [CrossRef] [PubMed]

Gunes, R,; Palabiyik, I.; Toker, O.S.; Konar, N.; Kurultay, S. Incorporation of Defatted Apple Seeds in Chewing Gum System and
Phloridzin Dissolution Kinetics. . Food Eng. 2019, 255, 9-14. [CrossRef]

Rotta, E.M.; de Morais, D.R.; Biondo, P.B.F,; dos Santos, V.J.; Matsushita, M.; Visentainer, ].V. Use of avocado peel (Persea americana)
in tea formulation: A functional product containing phenolic compounds with antioxidant activity. Acta Sci. Technol. 2016, 38,
23-29. [CrossRef]

Utrera, M.; Rodriguez-Carpena, J.-G.; Morcuende, D.; Estévez, M. Formation of Lysine-derived oxidation products and loss of
Tryptophan during processing of porcine patties with added avocado by products. J. Agric. Food Chem. 2012, 60, 3917-3926.
[CrossRef]

Chel-Guerrero, L.; Barbosa-Martin, E.; Martinez-Antonio, A.; Gonzalez-Mondragoén, E.; Betancur-Ancona, D. Some physicochemi-
cal and rheological properties of starch isolated from avocado seeds. Int. J. Biol. Macromol. 2016, 86, 302-308. [CrossRef]
Barbosa-Martin, E.; Chel-Guerrero, L.; Gonzalez-Mondragon, E.; Betancur-Ancona, D. Chemical and technological properties of
avocado (Persea americana Mill.) seed fibrous residues. Food Bioprod. Process. 2016, 100, 457-463. [CrossRef]


https://doi.org/10.1016/j.ultsonch.2021.105506
https://www.ncbi.nlm.nih.gov/pubmed/33714087
https://doi.org/10.1016/j.ultsonch.2019.104812
https://doi.org/10.1016/j.colsurfa.2010.07.024
https://doi.org/10.1016/j.jhazmat.2008.07.141
https://www.ncbi.nlm.nih.gov/pubmed/18799258
https://doi.org/10.1016/j.biotechadv.2008.11.002
https://doi.org/10.1080/19443994.2013.857615
https://doi.org/10.5004/dwt.2010.1105
https://doi.org/10.1016/j.lwt.2013.09.011
https://doi.org/10.1016/j.fbp.2019.03.009
https://doi.org/10.1016/j.ejmech.2015.01.015
https://www.ncbi.nlm.nih.gov/pubmed/25794790
https://doi.org/10.1016/j.intimp.2019.105768
https://www.ncbi.nlm.nih.gov/pubmed/31382166
https://doi.org/10.1016/j.jbiosc.2019.07.005
https://doi.org/10.1016/j.ijbiomac.2018.09.189
https://doi.org/10.1111/jfpe.12895
https://doi.org/10.3126/jfstn.v6i0.8255
https://doi.org/10.1016/j.jfoodeng.2004.05.068
https://doi.org/10.1088/1755-1315/60/1/012013
https://doi.org/10.1016/j.jclepro.2017.10.284
https://doi.org/10.3382/ps/pew096
https://www.ncbi.nlm.nih.gov/pubmed/27030694
https://doi.org/10.1016/j.colsurfa.2019.02.001
https://doi.org/10.1111/1541-4337.12290
https://www.ncbi.nlm.nih.gov/pubmed/33371603
https://doi.org/10.1016/j.jfoodeng.2019.03.010
https://doi.org/10.4025/actascitechnol.v38i1.27397
https://doi.org/10.1021/jf3001313
https://doi.org/10.1016/j.ijbiomac.2016.01.052
https://doi.org/10.1016/j.fbp.2016.09.006

Sustainability 2023, 15, 7840 26 of 27

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

Lee, E.-H.; Yeom, H.-J.; Ha, M.-S.; Bae, D.-H. Development of banana peels jelly and its antioxidant and textural properties. Food
Sci. Biotechnol. 2010, 19, 449-455. [CrossRef]

Satari, B.; Karimi, K. Citrus processing wastes: Environmental impacts, recent advances, and future perspectives in total
valorization. Resour. Conserv.Recycl. 2018, 129, 153-167. [CrossRef]

Espitia, P].P,; Du, W.-X.; de Jestis Avena-Bustillos, R.; Soares, N.D.EE; McHugh, T.H. Edible films from pectin: Physical-mechanical
and antimicrobial properties—A review. Food Hydrocoll. 2014, 35, 287-296. [CrossRef]

Lang, G.; Buchbauer, G. A review on recent research results (2008-2010) on essential oils as antimicrobials and anti-fungal. A
review. Flavour Fragr. ]. 2012, 27, 13-39. [CrossRef]

Mainente, F.; Menin, A.; Alberton, A.; Zoccatelli, G.; Rizzi, C. Evaluation of the sensory and physical properties of meat and fish
derivatives containing grape pomace powders. Int. J. Food Sci. Technol. 2019, 54, 952-958. [CrossRef]

Acun, S.; Giil, H. Effects of grape pomace and grape seed flours on cookie quality. Qual. Assur. Saf. Crops Foods. 2014, 6, 81-88.
[CrossRef]

Mattos, G.N.; Tonon, R.V,; Furtado, A.A.L.; Cabral, L.M.C. Grape by-product extracts against microbial proliferation and lipid
oxidation: A review. J. Sci. Food Agric. 2017, 97, 1055-1064. [CrossRef]

Ajila, C.M.; Aalami, M.; Leelavathi, K.; Rao, U.].5.P. Mango peel powder: A potential source of antioxidant and dietary 568 fiber
in macaroni preparations. Innov. Food Sci. Emerg. Technol. 2010, 11, 219-224. [CrossRef]

Ashoush, L.S.; Gadallah, M.G.E. Utilization of mango peels and seed kernels powders as sources of phytochemicals in biscuit.
World J. Dairy Food Sci. 2011, 6, 35-42.

Adilah, A.N.; Jamilah, B.; Noranizan, M.A.; Hanani, Z.A.N. Utilization of mango peel extracts on the biodegradable films for
active pack by-product. Food Packag. Shelf Life. 2018, 16, 1-7. [CrossRef]

Torres-Ledn, C.; Vicente, A.A.; Flores-Lopez, M.L,; Rojas, R.; Serna-Cock, L.; Alvarez-Pérez, O.B.; Aguilar, C.N. Edible films and
coatings based on mango (var. Ataulfo) by-products to improve the gas transfer rate of peach. LWT Food Sci. Technol. 2018, 97,
624-631. [CrossRef]

Kodagoda, K.H.G.K.; Marapana, R.A.U.J. Development of non-alcoholic wines from the wastes of Mauritius pineapple variety
and its physicochemical properties. J. Pharmacogn. Phytochem. 2017, 6, 492-497.

Arshad, Z.M.; Amid, A.; Yusof, E; Jaswir, I.; Ahmad, K.; Loke, S.P. Bromelain: An overview of industrial application and
purification strategies. Appl. Microbiol. Biotechnol. 2014, 98, 7283-7297. [CrossRef] [PubMed]

FAO; IFAD; UNICEF; WFP; WHO. The State of Food Security and Nutrition in the World 2019. Safegquarding against Economic
Slowdowns and Downturns; FAO: Rome, Italy, 2019.

Harouna, D.V.; Venkataramana, P.B.; Matemu, A.O.; Alois Ndakidemi, P. Agro-morphological exploration of some unexplored
wild vigna legumes for domestication. Agronomy 2020, 10, 111. [CrossRef]

Singh, A.; Dubey, PK.; Chaurasia, R.; Dubey, R K.; Pandey, K.K,; Singh, G.S.; Abhilash, P.C. Domesticating the Undomesticated
for Global Food and Nutritional Security: Four Steps. Agronomy 2019, 9, 491. [CrossRef]

Singh, A.; Dubey, R.K.; Bundela, A.K.; Abhilash, P.C. The trilogy of wild crops, traditional agronomic practices, and un-sustainable
development goals. Agronomy 2020, 10, 648. [CrossRef]

Laily, N.; Kusumaningtyas, R.W.; Sukarti, I.; Rini, M.R.D.K. The Potency of Guava (Psidium guajava L.) Leaves as a Functional
Immunostimulatory Ingredient. Procedia Chem. 2015, 14, 301-307. [CrossRef]

Baldisserotto, A.; Malisardi, G.; Scalambra, E.; Andreotti, E.; Romagnoli, C.; Vicentini, C.; Vertuani, S. Synthesis, Antioxidant
and Antimicrobial activity of a aew Phloridzin derivative for dermo-cosmetic applications. Molecules 2012, 17, 13275-13289.
[CrossRef]

Antika, L.D.; Lee, E]J.; Kim, Y.H.; Kang, M.K.; Park, S.H.; Kim, D.Y.; Oh, H.; Choi, Y.J.; Kang, Y.H. Dietary phlorizin enhances
osteoblastogenic bone formation through enhancing catenin activity via GSK-3-inhibition in a model of senile osteoporosis. J.
Nutr. Biochem. 2017, 49, 42-52. [CrossRef]

Nair, S.V.; Rupasinghe, H.V. Fatty acid esters of phloridzin induce apoptosis of human liver cancer cells through altered gene
expression. PLoS ONE 2014, 9, €107149. [CrossRef]

Gonzalez, J.; Donoso, W.; Sandoval, N.; Reyes, M.; Gonzalez, P.; Gajardo, M.; Morales, E.; Neira, A.; Razmilic, I; Yuri, J.A.; et al.
Apple Peel Supplemented Diet Reduces Parameters of Metabolic Syndrome and Atherogenic Progression in ApoE—/— Mice.
Evid.-Based Complement. Altern. Med. 2015, 2015, 918384. [CrossRef]

Yu, X,; Lin, H.; Wang, Y.; Lv, W.; Zhang, S.; Qian, Y. D-limonene exhibits antitumor activity by inducing autophagy and apoptosis
in lung cancer. Onco. Targets. Ther. 2018, 11, 1833-1847. [CrossRef]

Miller, J.A.; Thompson, P.A.; Hakim, I.A.; Chow, H.H.S.; Thomson, C.A. D-Limonene: A bioactive food component from citrus
and evidence for a potential role in breast cancer prevention and treatment. Oncol. Rev. 2011, 5, 31-42. [CrossRef]

Petersen, K.S.; Smith, C. Ageing-Associated Oxidative Stress and Inflammation Are Alleviated by Products from Grapes. Oxidative
Med. Cell. Longev. 2016, 2016, 6236309. [CrossRef] [PubMed]

Garavaglia, J.; Markoski, M.M.; Oliveira, A.; Marcadenti, A. Grapes seed oil compounds: Biological and chemical actions for
health. Nutr. Metab. Insights 2016, 9, 59-64. [CrossRef] [PubMed]

Burton-Freeman, B.M.; Sandhu, A K.; Edirisinghe, I. Mangos and their bioactive components: Adding variety to the fruit plate for
health. Food Funct. 2017, 8, 3010-3032. [CrossRef]


https://doi.org/10.1007/s10068-010-0063-5
https://doi.org/10.1016/j.resconrec.2017.10.032
https://doi.org/10.1016/j.foodhyd.2013.06.005
https://doi.org/10.1002/ffj.2082
https://doi.org/10.1111/ijfs.13850
https://doi.org/10.3920/QAS2013.0264
https://doi.org/10.1002/jsfa.8062
https://doi.org/10.1016/j.ifset.2009.10.004
https://doi.org/10.1016/j.fpsl.2018.01.006
https://doi.org/10.1016/j.lwt.2018.07.057
https://doi.org/10.1007/s00253-014-5889-y
https://www.ncbi.nlm.nih.gov/pubmed/24965557
https://doi.org/10.3390/agronomy10010111
https://doi.org/10.3390/agronomy9090491
https://doi.org/10.3390/agronomy10050648
https://doi.org/10.1016/j.proche.2015.03.042
https://doi.org/10.3390/molecules171113275
https://doi.org/10.1016/j.jnutbio.2017.07.014
https://doi.org/10.1371/journal.pone.0107149
https://doi.org/10.1155/2015/918384
https://doi.org/10.2147/OTT.S155716
https://doi.org/10.1007/s12156-010-0066-8
https://doi.org/10.1155/2016/6236309
https://www.ncbi.nlm.nih.gov/pubmed/27034739
https://doi.org/10.4137/NMI.S32910
https://www.ncbi.nlm.nih.gov/pubmed/27559299
https://doi.org/10.1039/C7FO00190H

Sustainability 2023, 15, 7840 27 of 27

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

Maxwell, E.G.; Belshaw, N.J.; Waldron, K.W.; Morris, VJ. Pectin-An emerging new bioactive food polysaccharide. Trends Food Sci.
Technol. 2012, 24, 64-73. [CrossRef]

Wang, X.; Gao, L.; Lin, H.; Song, J.; Wang, J.; Yin, Y.; Zhao, J.; Xu, X,; Li, Z; Li, L. Mangiferin prevents diabetic nephropathy
progression and protects podocyte function via autophagy in diabetic rat glomeruli. Eur. ]. Pharmacol. 2018, 824, 170-178.
[CrossRef]

Nowicka, P.; Wojdylto, A. Content of bioactive compounds in the peach kernels and their antioxidants, anti-hyperglycemic,
anti-aging properties. Eur. Food Res. Technol. 2019, 245, 1123-1136. [CrossRef]

Vendruscolo, E; Albuquerque, PM.; Streit, F.; Esposito, E.; Ninow, ].L. Apple pomace: A versatile a substrate for biotechnological
applications. Crit. Rev. Biotechnol. 2008, 28, 1-12. [CrossRef]

Palma, C.; Lloret, L.; Puen, A.; Tobar, M.; Contreras, E. Production of carbonaceous material from avocado peel for its application
as alternative adsorbent for dyes removal. Chin. ]. Chem. Eng. 2016, 24, 521-528. [CrossRef]

Bharathiraja, S.; Suriya, J.; Krishnan, M.; Manivasagan, P.; Kim, S.-K. Production of enzymes from agricultural wastes and their
potential industrial applications. Adv. Food Nutr. Res. 2017, 80, 125-148.

Panda, S.K.; Mishra, S.S.; Kayitesi, E.; Ray, R.C. Microbial-processing of fruit and vegetable wastes for production of vital enzymes
and organic acids: Biotechnology and scopes. Environ. Res. 2016, 146, 161-172. [CrossRef] [PubMed]

Botella, C.; Diaz, A.; de Ory, I.; Webb, C.; Blandino, A. Xylanase and pectinase production by Aspergillus awamori on grape
pomace in solid state fermentation. Process Biochem. 2007, 42, 98-101. [CrossRef]

Jawad, A.H.; Alkarkhi, A.EM.; Jason, O.C.; Easa, A.M.; NikNorulaini, N.A. Production of the lactic acid from mango peel
waste—Factorial experiment. J. King Saud Univ. Sci. 2013, 25, 39-45. [CrossRef]

Kumar, D.; Yadav, K.K.;; Muthukumar, M.; Garg, N. Production and characterization of x-amylase from mango kernel by Fusarium
solani NAIMCC-F-02956 using submerged fermentation. J. Environ. Biol. 2013, 34, 1053-1058. [PubMed]

Rani, D.S.; Nand, K. Ensilage of pineapple processing waste for methane generation. Waste Manag. 2004, 24, 523-528. [CrossRef]
[PubMed]

Mishra, J.; Kumar, D.; Samanta, S.; Vishwakarma, M.K. A comparative study of ethanol production from various agro residues by
using Saccharomyces cerevisiae and Candida albicans. ]. Yeast Fungal Res. 2012, 3, 12-17.

Adie Gilbert, U.; Unuabonah Emmanuel, I.; Adeyemo Adebanjo, A.; Adeyemi Olalere, G. Biosorptive removal of Pb2+ and Cd2+
onto novel biosorbent: Defatted Carica papaya seeds. Biomass Bioenerg. 2011, 35, 2517-2525. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.tifs.2011.11.002
https://doi.org/10.1016/j.ejphar.2018.02.009
https://doi.org/10.1007/s00217-018-3214-1
https://doi.org/10.1080/07388550801913840
https://doi.org/10.1016/j.cjche.2015.11.029
https://doi.org/10.1016/j.envres.2015.12.035
https://www.ncbi.nlm.nih.gov/pubmed/26761593
https://doi.org/10.1016/j.procbio.2006.06.025
https://doi.org/10.1016/j.jksus.2012.04.001
https://www.ncbi.nlm.nih.gov/pubmed/24555336
https://doi.org/10.1016/j.wasman.2003.10.010
https://www.ncbi.nlm.nih.gov/pubmed/15120436
https://doi.org/10.1016/j.biombioe.2011.02.024

	Introduction 
	Sources of Literature 
	Description of Some Common Fruit By-Products: Overview 
	Banana (Musa spp.) By-Products 
	Apple (Malus Domestica Borkh.) By-Products 
	Mango (Mangifera indica L.) By-Products 
	Citrus (Citrus rutaceae L.) By-Products 
	Grape (Vitis vinifera) By-Products 
	Avocado (Persea americana) By-Products 
	Pineapple (Ananas comosus L.) By-Products 

	Nutritional Potentials of Fruit By-Products 
	Banana Fruit 
	Apple Fruit 
	Mango Fruit 
	Citrus Fruit 
	Grapes 
	Avocado Fruits 
	Pineapple 

	Health Benefits of Fruit By-Products 
	Health Benefits of Banana By-Products 
	Health Benefits of Apple By-Products 
	Health Benefits of Mango By-Products 
	Health Benefits of Citrus By-Products 
	Health Benefits of Grape By-Products 
	Health Benefits of Avocado By-Products 
	Health Benefits of Pineapple By-Products 

	Extraction Methods of Fruit By-Products 
	Enzyme-Assisted Extraction 
	High Hydrostatic Pressure (HHP) 
	Membrane Separation 
	Microwave-Assisted Extraction 
	Pressurized Solvent Extraction 
	Pulsed Electric Fields 
	Supercritical Fluid Extraction 
	Ultrasound 

	Current Knowledge on the Utilization of Fruit By-Products 
	Banana Fruit 
	Apple Fruit 
	Mango Fruit 
	Citrus Fruit 
	Grapes 
	Avocado Fruit 
	Pineapple Fruit 

	Prospective Impact of Fruit By-Products on Food and Nutrition Security 
	Summary and Research Needs 
	References

