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Abstract 1 

Background: For modern food industry, sustainability of food processing is a major 2 

concern coupled to the reduction of waste generation. Fruit and vegetable processing 3 

require of modernization to valorize the waste and by-products highly generated, 4 

particularly because they are rich in natural beneficial components which are demanded 5 

to human health. Melon (Cucumis melo L.) processing generate a high amount of peels 6 

and seeds, which are recognized with higher content of bioactive compounds than pulp, 7 

including polyphenols, carotenoids and oils. 8 

Scope and approach: In this review, we summarize information about of the bioactive 9 

compounds present in the melon fruit, together with the nutritionals properties that it 10 

presents as a functional food, with a focus on its by-products (pulp, seed and peel). The 11 

melon fruit contains important bioactive compounds, mainly the peel has a high content 12 

of antioxidants which are of interest in the food, cosmetic and pharmaceutical 13 

industries. These findings pretend to support new research concerning the formulation 14 

of novel functional foods based on melon by-products.  15 

Key finding and conclusions: Extracts of melon fruit, mainly from the peel, have been 16 

shown to possess phytochemical compounds that exhibit antioxidant, antimicrobial, 17 

antidiabetic, antiviral, anti-inflammatory, anti-hypoglycemia and anti-proliferative 18 

effects in various in vitro and in vivo test. However, it is necessary for further analyze 19 

the nutritional and functional potential of these by-products, the therapeutic and clinic 20 

mechanisms involved and to develop its industrial process as functional or nutraceutical 21 

food products.  22 

 23 

Key words: Cucumis melo; industrial by-products; polyphenols; carotenoids; functional 24 

bioactivities 25 
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1. Introduction 22 

Consumption of some fruits is strongly associated with several health benefits due to their 23 

high nutritional value and properties in risks reduction of certain illness such as cancers, 24 

cardiovascular diseases and cataracts fully justified and attributed to the presence of 25 

bioactive compounds (BCs) in the plant matrices (Shofian et al., 2011; Saini, Nile, & Park, 26 

2015). Melon (Cucumis melo L.) belongs to the Cucurbitaceae family (Figure 1), which is 27 

originated from Iran and Pakistan. It is one of the most popular fruit cultivated in tropical 28 

countries considered a valuable cash crop grown worldwide (Rashid et al., 2011).  29 

Melon fruit is a tasty and juicy fruit well-known for its nutritive and medicinal properties. 30 

Fatty acids, polyphenols and carotenoids are BCs, present in melon with several beneficial 31 

activities, which can improve human health. In the past, melon consumption has been 32 

categorized as a natural curative agent that plays a therapeutic and preventive role against a 33 

number of chronic diseases such as aging, inflammation and certain cancers (Shofian et al., 34 

2011; Rodríguez-Pérez, Quirantes-Piné, Fernández-Gutiérrez, & Segura-Carretero, 2013). 35 

In addition, C. melo is recommended for the treatment of cardiovascular disorders, diuretic, 36 

stomachic and vermifuge (Parle & Singh, 2011). Generally, BCs from melon are ingested 37 

through the fresh fruit mesocarp which is the most studied part of the fruit compared with 38 

peels and seeds. In this regard, in recent years, C. melo and its by-products have been the 39 

target fruit of a number of studies intended to use these organic matrices for the recovery 40 

and extraction of BCs. On the other hand, based on data published by the FAO, the annual 41 

production of melon fruit in the world was more than 40 million tonnes, whereas in 42 

Portugal and Mexico it was approximately 57 and 594 thousand tons, respectively 43 

(FAOSTAT 2018). Its industrial processing produces a wide range of natural consumer 44 
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products such as juices, jams, dehydrated pulp and salads or snacks. However, these 45 

industrial activities also generate a large number of fruit by-products throughout 46 

processing. Most of the industrially produced fruit by-products have been commonly used 47 

as animal feed, organic material to prevent soil erosion, and nowadays as biofuel precursors 48 

(Lucas-Torres, Lorente, Cabañas, & Moreno, 2016). These by-products are increasingly 49 

being studied in contrast to other fractions due to their richness in compounds with 50 

biological activity (Yan, Teng, & Jhi, 2006). Currently, some researchers have reported 51 

higher levels of phenolic compounds and ascorbic acid in peels than in fruit pulp (Goulas & 52 

Manganaris, 2012).  53 

In contrast to a number of reports on the extraction of BCs from the pulp, studies for the 54 

valorization of melon by-products have recently been conducted with renewed and growing 55 

interest. Excellent reviews have been published by researcher (Rolim, Seabra, & de 56 

Macedo, 2019; Vella, Cautela, & Laratta, 2019; Silva et al., 2018), which were aimed at the 57 

macromolecular, functional and bioactive explorations, particularly for production of pectin 58 

(Adiba et al., 2016; Güzel & Akpınar, 2019), novel oils (Ok & Yilmaz, 2019; Rezig et al., 59 

2019; Alexandra Silva et al., 2019), and even hydrogen-type fuels ( Turhal, Turanbaev, & 60 

Argun, 2018). However, a great effort is needed to develop new efficient methods and 61 

feasible strategies for the re-use of melon by-products for the recovery of natural BCs or 62 

high nutritional value supplements (Mallek-Ayadi, Bahloul, & Kechaou, 2017). These raw 63 

materials could also have potential applications focused on human nutrition, developing 64 

new food supplies with functional benefits due to their abundance BCs, in particular 65 

vitamins, minerals, fiber, oils, carotenoids and polyphenols (Torres-Leon et al., 2018). 66 
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Recently, Silva et al. (2018) described the potential of melon by-products as ingredients for 67 

novel functional foods. 68 

In this paper, a detailed analysis of the melon by-products has been extensively reviewed, 69 

focusing on the richness of BCs with biological properties. The aim of this paper is also to 70 

generate research interest in the valorization of melon fruit and its by-products. To this 71 

order, firstly, to better understand the phytochemical composition and bioactivity of melon 72 

fruit that promotes human health and, secondly, to encourage further novelty in the design 73 

and development of innovative products that can solve problems related to food loss, waste 74 

and pollution.  75 

2. Muskmelon Anatomical Description  76 

The Cucurbitaceae family contains approximately 825 species, such as squash, pumpkins, 77 

cucumbers and melons (M. A. Silva et al., 2018). The fleshy fruit is produced from most of 78 

the tendril-bearing vine plants, derived from the inferior ovary, the pepo. Each melon fruit 79 

varies in size, shape and rind characteristics and the color of the flesh that depends on the 80 

varieties of melon. The outer skin (peel) may be smooth, netted, ribbed, furrowed, yellow-81 

brown, green flesh yellow. Ripe melon is almost found, yellowish-green, and rough-82 

textured. Seeds are cream-colored and over 10 mm long (Saltveit, 2011; Parle & Singh, 83 

2011). The C. melo species is further divided into a number of botanical varieties or types. 84 

Table 1 shows the three most important varieties of melon fruit; cantalupensis, inodorus 85 

and reticulates. The edible part is the most valuable component of the melon fruit due to its 86 

high content of BCs and represents at least 65% of the total weight, while the peels and 87 

seeds represent 25% and 7%, respectively (Fundo et al., 2017). Although the peels, seeds 88 

and bagasse are usually rejected in fruit processing, these by-products have stood out by 89 
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maintaining a high concentration of BCs and representing a significant percentage of total 90 

weight. In the current scenario, approximately 1.81, 6.53, 15.0 and 32.0 million tons of fruit 91 

and vegetable by-products are produced by fruit and vegetable processing, packing, 92 

distribution and consumption in the industrial sector in India, the Philippines, the USA and 93 

China, respectively (Wadhwa & Bakshi, 2013). On the other hand, melon seeds represent a 94 

high quantity of these by-products, with almost 984 thousand tons produced per year 95 

(FAOSTAT 2018), which promotes hazardous environmental issues related to their 96 

accumulation in landfills. For this reason, their management and re-utilization in the 97 

context of valorization, namely cost reduction and less use of toxic methodologies, are the 98 

main challenge in the field of biotechnology to solve pollution problems and to meet the 99 

growing demand for food supplies (Kolayli et al., 2010; Condurso et al., 2012; Atef et al., 100 

2013). 101 

3. Phytochemical and Nutritional Composition of Melon Fruit 102 

Cucurbitaceae fruit is not a significant sources of calories, and it can be vital sources of 103 

dietary fiber, minerals, polyphenols, provitamin A (β-carotene) and vitamin C. Melons are 104 

naturally low in fat and sodium, have no cholesterol and provide many essential nutrients 105 

such as potassium (Atef et al., 2013). The general aspects and characteristics of melon 106 

mesocarp commonly and traditionally used in human consumption as a salad or dessert are 107 

shown in Figure 2. Mesocarp is the most studied part of the melon with respect to 108 

nutritional composition determination (Amaro et al., 2010; Falah, Nadine, & Suryandono, 109 

2015). For example, see the study of Rodríguez-Pérez, Quirantes-Piné, Fernández-110 

Gutiérrez, & Segura-Carretero, (2013) who identified different BCs, including; amino acids 111 

and their derivatives, organic acids, phenolic acids and their derivatives, esters, flavonoids, 112 
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lignans and other polar compounds from the melon pulp of 3 different varieties. These facts 113 

support the richness of functional bioactive compounds (especially phenolics, carotenoids 114 

and essential oils) in melon fruit. 115 

3.1. Phenolic compounds  116 

Phenolic compounds or polyphenols are widely distributed throughout the plant kingdom. 117 

Chemical compounds of this class are the most commonly found in fruits, plant-derived 118 

beverages, peels, husks and seeds that are widely known for their biological activity 119 

(Martínez-Ávila, Aguilera-carbó, Rodríguez-herrera & Aguilar C. N., 2012). Polyphenols 120 

are classified into different groups on the basis of their chemical structure, such as tannins, 121 

lignans, flavonoids, phenolic acids and others (Martins et al., 2011). The most common 122 

polyphenols of melon fruit are flavonoids and phenolic acids. Flavonoids are further 123 

divided into several categories such as flavones, flavonols, flavanones and flavonols 124 

(Tadmor et al., 2010). While, phenolic acids are simple molecules comprising a different 125 

category of hydroxybenzoic and hydroxycinnamic acids (Dey et al., 2016). Such chemical 126 

compounds are abundant in plants performing various functions such as pigmentation and 127 

plant defense against attacks by microorganisms and insects. Furthermore, they are also 128 

recognized as beneficial compounds that could prevent certain neurodegenerative diseases 129 

such as Alzheimer's and Parkinson's (Poiroux-Gonord et al., 2010). As a result, these types 130 

of BCs have been completely characterized in a number of fruit extracts due to their 131 

potential health benefits.  132 

3.1.1. Phenolic compounds content in melon fruit  133 

Melon fruit contains a very high concentration of polyphenols (Ullah, Zahoor, Ali, & Khan, 134 

2014). These compounds provide potential health benefits, in particular by supporting the 135 
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cardiovascular system (Rodríguez-Pérez, Quirantes-Piné, Fernández-Gutiérrez, & Segura-136 

Carretero, 2013).  Total phenolic content (TPC) of sunmelon pulp determined by Shofian et 137 

al. (2011) found a concentration of 16.71 mg acid equivalents (GAE)/100 g fresh weight 138 

(FW). Ismail, Chan, Mariod, & Ismail, (2010) analyzed the TPC of cantaloupe melon pulp, 139 

peels, and seeds and found concentrations of 168, 470, 285 mg of GAE/100 g extract, 140 

respectively. The total flavonoid content (TFC) was also, reported with 203, 513, 162 μg of 141 

rutin equivalents (RE)/100 g extract, respectively. In relation to the quantification of 142 

phenolic compounds in melon by-products, Table 2 shows the range of values found in 143 

different melon varieties. Recently, Fundo et al. (2017) reported the highest concentration 144 

of TPC in methanolic extracts from reticulatus melon seeds (22.91 mg/100 g extract) 145 

followed by peel extracts (14.1 mg/100 g extract) and a lower concentration in pulp (9.54 146 

mg/100 g extract). In addition, Mallek-Ayadi, Bahloul, & Kechaou, (2017) quantified and 147 

identified eighteen individual phenolic compounds by HPLC (Table 3 and Figure 3) and 148 

reported values of TPC (332 mg GAE/100 g extract) and TFC (95.46 mg QE/100 g extract) 149 

in peels of maazoun melon cultivar. Moreover, Al-Sayed & Ahmed (2013) found in melon 150 

peels that 4-hydroxybenzoic acid was the most representative phenolic acid (32.53 mg/100 151 

g dry weight = DW) followed by vanillin (19.92 mg/100 g DW), coumaric acid (8.08 152 

mg/100 g DW) and chlorogenic acid (6.62 mg/100 g DW) in Sharlyn melon peels. During 153 

their work, these researchers also used the richness of melon by-products to develop a 154 

natural and functional food rich not only in antioxidants but also in dietary fibers and as a 155 

substitute for functional wheat flour in cake making. All of these reports on the diversity 156 

and content of phenolic compounds of melon fruit by-products, namely pulp, peels and 157 

seeds, show an important and high nutritional value that could be used for the development 158 
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of novel and cheaper foods or nutrient-enhancing ingredients. This will help overcome the 159 

problems of hunger and malnutrition in developing countries.  160 

3.2. Carotenoids compounds  161 

Carotenoids are one class of phytochemicals responsible for the natural pigments that are 162 

commonly metabolized by algae, photosynthetic bacteria and plants, such as yellow one 163 

(lutein), orange (β-carotene) and red (lycopene) in various fruits (Poiroux-Gonord et al., 164 

2010; Arscott, 2013). These compounds are C40 tetraterpenoid pigments, biosynthesized by 165 

the linkage of two C20 geranylgeranyl diphosphate molecules (Namitha & Negi, 2010). It 166 

can also be classified into two groups on the basis of a functional group. These may be 167 

xanthophylls containing oxygen as a functional group including lutein and zeaxanthin, and 168 

carotenes or only a parent hydrocarbons chains without any functional group, such as α-, β-169 

carotene and lycopene (Saini, Nile, & Park, 2015). Melons are a good source of carotenoids 170 

like many other fruits: mainly β-carotene and lutein (Amaro, Oliveira, & Almeida, 2015). 171 

Nevertheless, other carotenoids have also been detected such as α-carotene, β-carotene, β-172 

cryptoxanthin, phytoene, violaxanthin, neoxanthin and zeaxanthin (Yano et al., 2005; Laur 173 

& Tian, 2011; Condurso et al., 2012). These BCs present in melon play an important role in 174 

the photoprotection of the eye (provitamin A), improving immune function and preventing 175 

chronic diseases (Arscott, 2013). For these reasons, carotenoids and their extraction from 176 

natural sources are of primary interest to researchers, nutritionists, food processors and 177 

consumers in developing new functional products to promote health. 178 

3.2.1. Carotenoids content and diversity in melon fruit 179 

Carotenoid molecules present in melon fruit, contribute to their beneficial bioactivity in the 180 

prevention of anti-inflammatory, anti-cancer, neuroprotective and cardiovascular diseases 181 
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(Saini, Nile, & Park, 2015). In melon, it is possible to find α-carotene, β-carotene, lutein, β-182 

cryptoxanthin, phytoene, violaxanthin, neoxanthin and zeaxanthin (Yano et al., 2005). Atef 183 

et al. (2013) recorded 0.56 mg/100 g DW of total carotenoid content (TCC) in the melon 184 

pulp while β-carotene and lutein were between 0.06-3.85 and 0.007-0.032 mg/100 g FW 185 

respectively, reported by Laur & Tian (2011) in different melon varieties of different 186 

geographical origins. Later, levels of β-carotene (1.44 mg/100 g FW) and ζ-carotene (1.08 187 

mg/100 g FW) were also reported by Condurso et al. (2012). The TCC in pulp, peels and 188 

seeds were compared by Fundo et al, (2017) in reticulatus melon, they found 68.92, 23.46 189 

and 30.51 mg TCC /g FW, respectively. The differences in carotenoid levels in melon may 190 

be due to varietal differences, maturity time and growing conditions (Sarungallo et al., 191 

2015). These observations reinforce the value of melon and its by-products as a good 192 

source of carotenoids and together with the very scarce reports involving the extraction of 193 

melon carotenoids, this subject could generate research interest on the developing eco-194 

friendly methodologies for major recovery yields.  195 

3.3. Essential oils and fatty acids  196 

Edible oil is a biological mixture of esters derived from glycerol and a chain of fatty acids 197 

(Da Silva & Jorge, 2014). Physical and chemical characteristics of oil are influenced by the 198 

type and proportion of the fatty acids on the triacylglycerol. Fatty acids may be classified as 199 

short-chain (2-8 C), medium (8-12 C) and long-chain (13-24 C) or saturated (SFA), 200 

monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA) depending on the 201 

presence or absence of double bonds (Kostik, Memeti, & Bauer, 2013). Long-chain fatty 202 

acids (LCFA) are meanly composed of oleic acid (C18:1), linoleic acid (C18:2) and 203 

palmitoleic acid (C16:0) (Zhang, Su, Baeyens, & Tan, 2014). They play an important role 204 
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in the human diet due to the control of the metabolism of cholesterol associated with 205 

cardiovascular disease ( Dorni, Sharma, Saikia, & Longvah, 2018). Melon peels and seeds 206 

by-products have been recognized as a good source of fatty acids whereas seeds are the 207 

richest in LCFA in the whole melon (Ismail, 2010). Moreover, oils extracted from seed are 208 

rich sources of BCs such as tocopherols, essential fatty acids, phytosterol, carotenoids and 209 

squalene. These BCs have been shown to have various potential applications in various 210 

industries such as biodiesel, cosmetics and pharmaceuticals (Górnaś & Rudzińska, 2016). 211 

Tocopherols and tocotrienols are lipid-soluble compounds commonly referred to as vitamin 212 

E. They are natural antioxidants that play a vital role in the human diet and health. They 213 

protect unsaturated fatty acids from oxidation and ensure the stability of lipid membranes 214 

through their function. Their derivatives could be used as a natural anticancer and chronic 215 

disease agent. (Górnaś, Pugajeva, & Segliņa, 2014a). In addition, biological properties as 216 

antioxidants and antimicrobial activity have been reported in oil fractions and have been 217 

attributed to the presence of these BCs (Desbois & Smith, 2010).  218 

3.3.1. Essential oils and fatty acids content in melon fruit 219 

In the last decade, melon seed valorization is taking place since it has been reported as a 220 

rich source of essential oil. Rashid et al. (2011) optimized biodiesel production using melon 221 

seeds oil and obtained yields of 75.55-86.00% extracted by Shoxlet method with n-hexane 222 

and transesterification of melon seeds oil showed that linoleic (4.6%), oleic (21.12%), 223 

palmitic (17.68%) and stearic (10.84%) were the major fatty acids in melon seeds. The 224 

content of fatty acids and BCs present in various types of melon seeds are shown in Table 225 

4. Da Silva & Jorge (2014) reported yields of oil fraction from melon seeds of 30.6% DM, 226 

integrated by linoleic (59%), oleic (26.4%) and palmitic (8.7%) acid as well as α-227 
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tocopherol and γ-tocopherol (20.5 and 249.6 mg/kg, respectively). Górnaś & Rudzińska, 228 

(2016) quantified linoleic (59.04%), oleic (24.71%), palmitic (9.57%) and stearic (5.74%) 229 

acids from Honeydew melon seeds whereas in previous reports they found α-tocopherol 230 

and γ-tocopherol in canary melon seeds ranging from 2.23 to 6.88 and 17.73 to 63.08 231 

mg/100 g of oil, respectively (Górnaś, Pugajeva, & Segliņa, 2014a, b). In a recent study on 232 

the composition of fatty acids, oil was extracted from a powdered sample of maazoun 233 

melon seeds using fatty acid methyl esters (FAMEs) and then analyzed by gas 234 

chromatography. Linoleic acid (68.98%), oleic acid (15.84%) and palmitic acid (8.71%) 235 

were found primarily in the composition of fatty acids, while steric, myrical and erucic 236 

acids were found in low concentration (Mallek-Ayadi, Bahloul, & Kechaou, 2018). The 237 

broad spectrum of reports on melon seeds and their richness in essential oils highlights the 238 

importance of valorizing these by-products for the development of functional foods or 239 

ingredients due to the high levels of linoleic, oleic acids and BCs (α-tocopherol and γ-240 

tocopherol) that could potentially contribute to human health in the prevention of coronary 241 

heart disease, chronic disease and LDL-cholesterol (Chuyen et al., 2105).  242 

4. Biological Activities and Human Health  243 

Traditionally, fresh or aqueous extracts of the edible part of melon fruit had been used in 244 

the treatment of common diseases such as analgesic, purgative, painful discharges, dysuria 245 

and anti-inflammatory (Parle & Singh, 2011). Currently, a few studies of melon pulp, peels 246 

and seeds have shown that melon fruit has many useful biological properties, such as 247 

antioxidant, provitamin A, anticancer and antimicrobial activity. The following section 248 

discusses the various biological activities of phytochemical found in melon fruit by-249 

products. 250 
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4.1. Antioxidant activity  251 

The high levels of polyphenols and carotenoids are mainly responsible for the antioxidant 252 

activity of melon fruit. Carotenoids,  particularly β-carotene have been recognized due to 253 

their antioxidant activity against free radicals, which indicate protective roles for reducing 254 

the risk of certain types of cancers and cardiovascular diseases (Henan et al., 2016; 255 

Vishwakarma, Gupta, & Upadhyay, 2017). The antioxidant activity found in various parts 256 

of fruit is shown in Table 5. For example, Henan et al. (2016) investigated the anti-radical 257 

activity by oxidation of 2,2-azinobis-3ethyl-benzothiazoline-6-sulfinic acid (ABTS) of 258 

lipophilic extracts from different varieties of melon. The highest antioxidant activity found 259 

in maazoun melon extracts was 100 g FW equivalent to 160 μM Trolox (TE) whereas the 260 

lowest activity of the galaouia variety was 22μM TE/ 100 g FW. A previous studies carried 261 

out by Shofian et al. (2011) in order to determinate the free radical scavenging activity by 262 

reduction of 2,2-diphenyl-1-picrylhydrazyl (DPPH) and ferric-reducing antioxidant activity 263 

(FRAP) of methanolic extracts from different fresh and freeze-dry fruit pulp including 264 

musk melon (Table 5)  . Morais et al. (2015) conducted an experimental study to determine 265 

and compare antioxidant activity from the extracts of different tropical fruits parts and their 266 

processed peels (including melon fruit by-products). The free radical inhibition of FRAP 267 

and DPPH in the extracts of processed peels was found to be greater than the extracts of 268 

tropical fruit parts. These evidence demonstrate that melon fruit by-products are a good 269 

source of natural antioxidant molecules, and with high potenctial to be studied towards new 270 

applications.  271 

4.2. Provitamin A activity  272 
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Provitamin A activity is the ability of carotenoids to make vitamin A (retinol and retinal) by 273 

the action of carotene dioxygenase (Saini, Nile, & Park, 2015). In addition, provitamin A 274 

activity plays a role in lipid oxidation and anticarcinogenic properties, which are very 275 

important biological functions (Kuhad, Gupta, and Singh, 2011). The human body cannot 276 

synthesize carotenoids compounds, so the only source is the intake of provitamin A 277 

compounds from foods. Fruits may therefore be highly regarded as such foods, as they are a 278 

rich source of carotenoids (like lycopene, β-carotene, α-carotene, lutein, zeaxanthin, β-279 

cryptoxanthin and others) (Sarungallo et al. 2015). There are only three carotenoids (Figure 280 

4), such as β-carotene, α-carotene and β-cryptoxanthin, which can be converted to retinol 281 

(vitamin A) in the body that we call provitamin A carotenoids (Laur & Tian, 2011). C. melo 282 

has been regarded as one of the principal sources of β-carotene present in pulp, peels and 283 

seeds. Nevertheless, there are limited studies on its bio-accessibility/bioavailability and 284 

provitamin A activity (Fleshman et al., 2011). A study previously mentioned of Laur & 285 

Tian (2011) employed different varieties of melon fruit and quantified and identified some 286 

carotenoids from the pulp and their provitamin A activity. They reported using conversion 287 

factors of 0.6 mg β-carotene = 1 IU vitamin A and 12 mg dietary β-carotene = 1 RAE 288 

(Table 6). Since there are few reports about provitamin A activity from melon and its by-289 

products, this will open up a new field of research for the extraction and recovery of 290 

valuable molecules from this natural source and the development of functional products 291 

with potential health benefits.  292 

4.3. Anticancer activity  293 

Other biomolecules present in Cucurbitaceae family are cucurbitacin, a natural anticancer 294 

agent. Cucurbitacins are highly oxygenated tetracyclic-triterpenes with strong taste and 295 
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toxic effects. However, information about these molecules and their biological activity is 296 

limited but some reports indicate the potential of cucurbitacins to treat pathologies such as 297 

cancer (Amaro, Oliveira, & Almeida, 2015). Chan et al. (2010) reported that cucurbitacin B 298 

inhibits five different leukemia cells. This suggests that cucurbitacin is a potential 299 

therapeutic candidate in the treatment of human cancer diseases. Ibrahim et al. (2016) 300 

identified a new triterpenoid (cucumol A) in methanol extracts of the melon reticulates 301 

seeds. This new compound showed cytotoxic activity towards L5178Y and Hela cancer 302 

cells with ED50 values of 1.30 and 5.40 μg/ml respectively compared to paclitaxel. 303 

Moreover, polyphenols and carotenoids provitamin A have also been reported for its 304 

biological activities in the treatment of some cancer (Miao & Wang, 2013; Govea Salas et 305 

al., 2013). However, reports on the application of polyphenols and carotenoids from melon 306 

fruit against human cancer diseases have not been found. Thus, it can be concluded that 307 

pharmacological studies have a broad scope for future research in this area.  308 

4.4. Antimicrobial activity  309 

Traditionally, C. melo has been used as an anti-parasitic agent (anthelmintic or vermifuge 310 

activity) (Vishwakarma, Gupta, & Upadhyay, 2017). However, there is very little 311 

information regarding antimicrobial activity from melon fruit and its by-products. A study 312 

of methanolic and ethanolic extracts from melon seeds and leaves showed antibacterial 313 

inhibition against Staphylococcus aureus and Gram-positive in this case (Ibrahim & 314 

Mohamed, 2015; Ibrahim et al. 2016). In addition, polyphenol compounds have been well-315 

recognized with antimicrobial activity by inhibiting enzymatic reactions that promote the 316 

growth of microorganisms (Martins et al., 2011; Govea Salas et al. 2013). In this context, 317 

many publications are very acceptable for the inhibition capacity of plant-based 318 
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polyphenol-rich extracts due to the antimicrobial activity against several bacteria and fungi. 319 

Pereira et al. (2007) used water olive leaf extracts attributed to the high content of phenolic 320 

compounds (oleuropein, luteolin-7-O-glucoside, apeginin-7-O-glucoside and caffeic acid) 321 

and reported the microbial inhibition against bacteria such as Bacillus cereus, B. subtilis 322 

and S. aureus [Gram positive], Pseudomonas aeruginosa, Escherichia coli and Klebsiella 323 

pneumoniae [Gram negative]) as well as fungi (such as Candida albicans and Cryptococcus 324 

neoformans). Mhamdi, Abbassi, and Abdelly (2015) also identified different phenolic 325 

compounds (such as quercetin, flavone, apeginin, luteolin and others) in Ononis natrix 326 

methanolic extracts and tested for their antimicrobial activity against bacterial strains (viz. 327 

Enterococcus faecalis and S. aureus) and fungal strains (viz. C. albicans) resulting in high 328 

growth inhibition. Presently, polyphenols extracted from mango peels showed strong 329 

antimicrobial effect against Colletotrichum gloeosporioides, Sclerotinia sclerotiorum, 330 

Mucor spp. and Fusarium oxysporum strains (Rojas et al., 2018). In addition, essential oils 331 

have also been reported as antimicrobial agents presenting different mechanisms of action 332 

against Gram-positive and negative bacteria, yeasts and molds have been shown to cause 333 

cell membrane damage. These mechanisms are related to alternating the composition of the 334 

cell membrane fatty acids, damaging the cytoplasmic membrane and reducing the proton 335 

motive force, altering the energy generation of bacteria as well as leakage from metabolites 336 

and ions (Figure 5). These mechanisms have been attributed to the ability to penetrate 337 

inside of the cell through the bacterial cell's outer membranes and cytoplasmic membranes. 338 

This actions lead to the disintegration of the cell structure, making it more permeable to the 339 

surrounding essential oils (Desbois and Smith, 2010; Rao et al., 2019). Thus, all the 340 

previously described reports show that melon and its by-products represent an attractive 341 

source of valuable BCs (such as oleuropein, luteolin-7-glucoside, apigenin-7-glucoside, and 342 
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flavone). They have been well proven to have an effective antimicrobial activity. In 343 

addition, gallic acid, caffeic acid, hydroxytyrosol, and tyrosol are other polyphenols 344 

identified in melon fruit that have also been recognized as antimicrobial molecules (Govea-345 

Salas et al., 2016; Antónia Nunes et al., 2018). Nonetheless, information about 346 

antimicrobial properties concerning melon fruit polyphenols is still limited, which will 347 

open up a new broad spectrum of naturally occurring antimicrobial studies for food 348 

applications to improve the product shelf-life.  349 

5. Recent Research and Advanced Trends for Future Prospects  350 

5.1. Existing patents regarding melon fruit  351 

In various countries, there are few intellectual properties as patents on melon fruit. 352 

However, a number of these patents relate to genetic identity and modification, such as the 353 

invention of Alexandros Aggelis and coworkers which provides the isolated DNA sequence 354 

for fruit ripening from C. melo (Aggelis et al., 2000). The procedure for the production of 355 

transgenic seedlings from genetically modified buds belonging to the species of C. melo 356 

containing a single gene introduced by the intermediary of Agrobacterium tumefaciens was 357 

patented by  Michiel De Both et al. (1995). In addition, Kassies and coworkers patented a 358 

method for producing C. melo plants that resistant to the Cucumber Vein Yellowing Virus 359 

(CVYV) (Kassies et al. (2015). This invention was specifically related to plants which had 360 

a genetic element in its genome to combat the viral problem. In a patent disclosure, Garcia-361 

Andres et al. (2016) also showed tolerance to Cucurbit Yellow Stunt Disorder Virus 362 

(CYSDV) and lack of negative traits associated with CYSDV tolerance, such as increased 363 

fruit size and reduced fruit set. Jeffrey M. Mills also published an innovation relating to 364 

melon hybrid SV3394MF plants, seeds and tissue cultures and their parent lines (Mills, 365 
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2017). This innovation seted out the methods for the production of a melon plant produced 366 

by the crossing of such plants on its own or with any other melon plant. Diergaarde et al. 367 

(2014) submitted a patent on powdery mildew resistance to the genes of the Cucumis 368 

family, wherein the amino acid sequence encoded by said resistance-conferring gene.  369 

On the other hand, fewer inventions have been published for products or derivatives 370 

of melon fruit; for example; Dreyer et al. (2006) disclosed a composition consisting of an 371 

active plant extract containing superoxide dismutase, coated or microencapsulated in a fat-372 

soluble agent based on a fatty substance. “MELON CUTTING BOARDS” was the patent 373 

title published by Geier (2014) which describes the artefact for the removal of fruit peels, 374 

produced from a variety of materials (including metals, resins and plastics, ceramics or 375 

composites). Furthermore, there are also few patents concerned with the development of 376 

technologies for the production of new fractions and ingredients from melon fruit and its 377 

by-products.   378 

In the last ten years, there have been very few patents for the use of melon fruit. 379 

Therefore, it can be inferred that this will offer great opportunities for new inventions, 380 

development and knowledge for further research in the future, which will set out the 381 

methodologies for linking science and technology to the development of new or novel 382 

products. Likewise, new patents based on melon products should be a presumed innovation 383 

with well-defined industrial uses and close to commercial availability.   384 

5.2. Melon by-products as functional ingredients 385 

Nowadays, functional foods are described as food or food ingredients that have diverse 386 

health benefits, helping to prevent or reduce the risk of certain diseases such as cancers, 387 

cardiovascular and inflammatory disorders and diabetes (M. A. Silva et al., 2018). Diabetes 388 
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and its complications are a serious problem of global concern that is gradually caused by 389 

oxidative stress (OS). This progression is due to the imbalance between the over-production 390 

of reactive oxygen spices (ROS) and the low intake of natural antioxidants (such as 391 

polyphenols and carotenoids). It is well known that such BCs are capable of counteracting 392 

the negative impact of ROS on OS-related issues (Lo et al., 2017). Beyond that future 393 

perspectives for the valorization of melon by-products could be as functional ingredients 394 

due to these raw materials still retain a high content of relevant nutrients namely fiber and 395 

proteins as well as various BCs (carotenoids and polyphenols), which are linked to the 396 

prevention of health diseases. For example, these organic materials can be used directly as a 397 

source of dietary fiber (flour). This natural polymer has been used for the modulation of 398 

intestinal microbiota, such as Bifidobacterium. These bacteria have been associated with 399 

colon, stomach, breast and prostate cancer prevention (Veiga et al., 2018). On the other 400 

hand, polyphenols exhibit good inhibition of digestive enzymes (such as lipase, amylase 401 

and glucosidase) that minimize hyperglycemia which is also strongly associated with 402 

diabetes and obesity disorders (Sulaiman & Ooi, 2014). By virtue of these functional 403 

properties, and on the basis of their richness in nutrients and bioactive components, melon 404 

by-products could be used as functional ingredients to develop new food products such as 405 

cookies, fiber bars or cereals. 406 

5.3. In Solid-state fermentation 407 

Traditionally, BCs have been recovered from plant matrices through conventional 408 

liquid/solid extraction processes using water or a mixture of organic solvents. Emerging 409 

technologies such as microwaves, ultrasound or the use of supercritical fluids have also 410 

been used (Giacometti et al., 2018). But these processes reflect only the initial pretreatment 411 
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of total hydrolysis products, which are expensive processes for the successful extraction of 412 

BCs  Huynh, Van Camp, Smagghe, & Raes, 2014). Industrially, acidic or alkaline 413 

pretreatment is used during the hydrolysis process but the products derived may have some 414 

toxicity and cause environmental pollution (Wang et al., 2010; Huynh, Van Camp, 415 

Smagghe, & Raes, 2014). For example, β-carotene is used in the food, feed, cosmetics and 416 

pharmaceutical industries. However, the pigment used in these industries is mostly 417 

chemically synthesized with less stability and activity (Roadjanakamolson & Suntornsuk, 418 

2010). These unfavorable methodologies create an obligation to explore new ways of using 419 

these lignocellulosic materials. As a result, alternative technologies have been sought that 420 

mimic the processes taking place in nature, thus following the soft principle, such as 421 

biocatalysis chemistry. Nowadays, solid-state fermentation has been well documented in 422 

the use of fruit by-products on a dry weight basis for the production of BCs by 423 

microorganisms, such as the production of enzymes and the extraction of polyphenols and 424 

carotenoids (Larios et al., 2017; Soccol et al., 2017). In this context, solid-state 425 

fermentation coupled with melon by-products could emerge as an important strategy for the 426 

recovery of these high-value molecules for their potential applications in the food and 427 

pharmacological industries. 428 

 5.4. Eco-green technologies for protein extraction  429 

The valorization of fruit by-products involves a field of study in which protein extraction 430 

from fruit by-products is performed after processing. Cucumisin [EC 3.4.21.25] is a serine 431 

protease which is meanly isolated from the melon mesocarp (Arima et al., 2013). However, 432 

this enzyme was however extracted by traditional methods, such as organic solvents, 433 
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saturated salt solution, gel and ion-exchange chromatography. These methodologies have 434 

various limitations, including low industries scale, high costs and low purification rates, 435 

and in certain cases stability loss (Gagaoua et al., 2017). These unfavorable facts force the 436 

use and development of eco-green methodologies such as protein extraction by natural 437 

polyelectrolytes and aqueous two-stage systems. Such techniques have recently emerged as 438 

alternative separation methods for isolation and purification of protein because their 439 

advantages relate to a simple scale-up process, a reduction in volume and rapid separation 440 

(Campos et al., 2019; Duarte et al., 2015). On the other hand, proteins with proteolytic 441 

activity have been addressed as natural catalysts with a strong industrial application 442 

intended to avoid toxic and costly reactions. Protein extraction with biological activity is 443 

thus an emerging subject in the field of biotechnology for its advantages against chemical 444 

catalysts based on fruit by-products including bagasse, peels, seeds, leaf and stem (fresh 445 

weight basis).  446 

5.5. Production of micro- and nano-cellulose composites  447 

Another potential area in which melon by-products are used is the isolation and production 448 

of micro- and nano-cellulose. Some interesting studies have shown that these polymers are 449 

obtained from lignocellulosic waste on a dry basis (Zhao et al., 2018). In the last ten years, 450 

composites and nanocellulose materials have been attracting the attention of the scientific 451 

and industrial communities because they represent renewable and biodegradable materials 452 

and claim to replace traditional petroleum products that prevent environmental pollution. 453 

(Kargarzadeh et al., 2017). By-products are mainly constituted by lignocellulosic biomass. 454 

In this regard, the use of organic matter under the context of valorization has shown a 455 

growing interest in which by-products are considered as a matter of treatment, 456 
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minimization and the development of new reuse strategies to obtain new and value added 457 

products. In this way, melon by-products are very interesting matrices that provide a good 458 

source of different molecules for research on new products that are able to solve major 459 

issues worldwide, such as human nutrition, pollution and food.  460 

6. Conclusions  461 

Melon fruit demonstrated to has very high levels of beneficial BCs in its parts (pulp, peels 462 

and seeds), including carotenoids (α-, β-carotene and β-cryptoxanthin), polyphenols 463 

(flavonoids and phenolic acids) and fatty acids (oleic, linoleic and palmitoleic acid). Due to 464 

the content of BCs still present in melon by-products, they could emerge as a potential 465 

resource for the food and pharmaceutical industries. However, there are still many 466 

constraints which can be identified as i) inconsistent and conflicting data in the content of 467 

total BCs present in the melon fruit, ii) several existing methodologies for the extraction 468 

and quantification of these compounds which can generate different range of values and iii) 469 

the BCs concentration in melon is influenced by many factors such a variety, processing, 470 

agro-climate and post-harvest storage conditions and may be difficult to standardize final 471 

ingredients. These issues make difficult the analysis and standardization of all the existing 472 

data to infer consolidate conclusions. On the other hand, the valorization of melon by-473 

products is a critical step in food waste management to solve environmental problems. To 474 

achieve this, more research is needed, focusing on the optimization of extractive 475 

methodologies as well as the implementation of strategies for the scale-up industrial 476 

applicability and guarantee a broad exploitation of melon by-products towards value added 477 

molecules and products.  478 
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Tables 1 

 2 

Table 1. Major groups of melon fruit  

Groups Name  Characteristics  

Cantalupensis Skin rough and warty, not netted. e.g. European cantaloupe and 

Algerian melon. 

Inodorus Large, bright-yellow elongated melon with a pale green. e.g. Canary 

melon, Casaba, Kolkhozintsa melon, Hami melon, honeydew, Navajo 

Yellow, Piel de Sapo/Santa Claus, sugar melon. Tigger melon and 

Japanese melons. 

Reticulatus  True muskmelons, with netted skin. e.g. Bailan melon, North 

American cantaloupe, Galia, Ogem, Persian, Sharlyn melons. Modern 

crossbred varieties, e.g. Crenshaw (Casaba X Persian), Crane 

(Japanese X N.A cantaloupe). 

Source: Saltveit (2011) 
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Table 2. Total phenolic and total flavonoids from different by-products of melon fruit. 

Substrate 
Type 

Sample Type mg GAE/g 
extract 

mg QE/g 
extract 

Reference  

Leaf C. melo L. 111.77 59.48 Hashemi, Ebrahimzadeh, & 
Khalili, (2019) 

Pulp 80.98 78.88 

313.45* 72.62** Morais et al. (2015) 

Peel Ambrosia 1.45 − 

− 

- 

Ganji, Singh, & Friedman, 
(2019) 

Canary 2.40 

Cantaloupe 0.90 

Cantaloupe 25.48 15.19*** Vella, Cautela, & Laratta, 
(2019) 

Charentias 1.19 − 

− 

− 

− 

− 

− 

− 

− 

− 

Ganji, Singh, & Friedman, 
(2019) 

Galia 2.96 

Goddess 1.36 

Hami 2.08 

Hami gold 21.6 

Honeydew 0.96 

Santa claus 1.63 

Tuscan 0.69 

Vine 1.42 

Raw peel C. melo L. 357.80* 204.28** Morais et al. (2015) 

Lyophilized 
peel 

227.07* 199.98** 

Oven dried 
peel  

149.83* 106.18** 

Seed 99.69* 3.61** 

1.50 0.74*** Vella, Cautela, & Laratta, 
(2019) 

Golden 29.39 20.67 Olubunmi, Olajumoke, 
Bamidele, & Omolara, 
(2019) 
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Maazoun 3.04 0.87  Mallek-Ayadi, Bahloul, & 
Kechaou, (2018) 

Abbreviations: GAE: gallic acid equivalents; QE; quercetin equivalents 

*GAE/100 g dry matter;  

**QE/100 g dry matter;  

***mg catechin equivalents per g of extract 

− not reported 
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Table 3. Identified and quantified phenolic compounds by HPLC from peel extracts of various melon varieties. 

Compounds Name Class Melon Variety 
*Galia M 

(mg/100 mL) 

*Galia H 

(mg100 mL) 

**Cantaloupe 

(mg/100 g DM) 

***Maazoun 

(mg/100 g DM) 

Isovanillic acid  Hydroxybenzoic acids 30 33 − 23.70 

3-Hydroxybenzoic acid Hydroxybenzoic acids 48 53 − 33.45 

Chlorogenic acid Hydroxycinnamic acids 45 16 8 8.25 

Neochlorogenic acid Hydroxycinnamic acids 33 31 − − 

Luteolin-7-o-glucoside Flavones 55 60 − 16.51 

Apeginin-7-o-glucoside  Flavones 18 20 − 29.34 

Quercetin-3-galactoside  Flavonol 2 5 − − 

Gallic acid Hydroxybenzoic acid − − 245 12.07 

Rutin Flavonoid − − 6 − 

Ferulic acid Hydroxybenzoic acid − − 9 − 

Ellagic acid Hydrolyzable tannin  − − 57 − 

Quercetin Flavonol − − 2 − 

Kaempferol Flavonol  − − 32 − 

Hydroxytyrosol Phenylethanoid − − − 9.11 
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Protocatechuic acid Hydroxybenzoic acids − − − 3.46 

Tyrosol Phenolic alcohol − − − 11.35 

4-Hydroxybenzoic acid Hydroxybenzoic acids − − − 8.62 

Naringenin Flavanone glycosides − − − 11.58 

Oleuropein Secoiridoids − − − 18.88 

m-Coumaric acid Hydroxycinnamic acids − − − 19.91 

Phenylacetic acid Benzeneacetic acid − − − 3.27 

Luteolin Flavones − − − 6.73 

Pinoresinol Lignan − − − 1.92 

Flavone Flavones − − − 13.51 

Amentoflavone Flavones − − − 2.69 

Sources: *Ganji, Singh, & Friedman, (2019); **Vella, Cautela, & Laratta, (2019); and *** Mallek-Ayadi, Bahloul, & Kechaou, (2017) 

Abbreviations: Galia M: Galia melon from Mexico; Galia H: Galia melon from Honduras; DM: dry matter:  

− not reported 

 17 

 18 

 19 

 20 



6 
 

Table 4. Profile of fatty acids and bioactive compounds from oil extracts of different melon 
seeds. 

Composition Yellowa  Maazounb Honeydewc Canaryd  Inodorus Naudine 

Fatty Acids Profile (%) 

Saturated Fatty Acids 

Myristic (C14:0) nd 0.04 0.05 − nd 

Pentadecanoic 
(C15:0) 

nd 0.03 0.03 − nd 

Palmitic (C16:0) 17.1 8.71 9.57 − 8.7 

Margaric 
(C17:0) 

nd 0.07 nd − 0.10 

Margaroleic 
(C17:1) 

nd 0.03 0.02 − nd 

Stearic (C18:0) 2.8 5.54 5.74 − * 

Arachidic 
(C20:0) 

nd 0.16 0.18 − nd 

Lignoceric 
(C24:0) 

nd 0.06 nd − nd 

Unsaturated Fatty Acids 

Palmitoleic 
(C16:1 ω-7) 

nd 0.08 0.19 − nd 

Oleic (C18:1) 4.1 15.84 24.71 − 26.4 

Linoleic (Cl8:2) 26.5 68.98 59.04 − 59.0 

Linolenic 
(C18:3) 

21.4 0.2 0.18 − nd 

Gadoleic (C20:1 
ω-9) 

nd 0.12 nd − nd 

Eicosanoid 
(C20:1) 

nd 0.13 0.12 − nd 

Erucic (C22:0) nd nd 0.07 − nd 

Erucic (C22:1 
ω-9) 

nd 0.02 nd − nd 

Bioactive Compounds Profile 

Totals Phenolic − − − − 13.07 mg 
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compounds GAE/100 g DW 

Totals 
carotenoids 

− − − − 0.63 mg β-
carotene/100 g 
DW 

Phytosterols 

Avenasterol − − 0.05 (mg/g 
of oil) 

− − 

∆7−Avenasterol  − − 0.03 (mg/g 
of oil) 

− − 

β-sitosterol − − 0.58 (mg/g 
of oil) 

− 210.2 (mg/100 g 
DM) 

Campestanol  − − 0.05 (mg/g 
of oil)  

− − 

Campesterol − − 0.39 (mg/g 
of oil) 

− − 

Cycloatenol − − 0.05 (mg/g 
of oil) 

− − 

Stigmastanol − −  − 117.1 (mg/100 g 
DM) 

Stigmasterol − − 0.19 (mg/g 
of oil) 

− − 

∆7−Stigmasterol − − 0.57 (mg/g 
of oil) 

− − 

Tocols 

Tocopherols 

α-tocopherol − − − 6.88 mg/100 
g oil and 
2.23 mg/100 
g DM 

20.5 mg/kg 

β-tocopherol − − − nd nd 

γ-tocopherol − − − 63.08 
mg/100 g oil 
and 17.73 
mg/100 g 
DM 

249.6 mg/kg 
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δ-tocopherol − − − 0.77 mg/100 
g oil and 
0.20 mg/100 
g DM 

nd 

Tocotrienols 

α-tocotrienol − − − 0.47 mg/100 
g oil and 
0.10 mg/100 
g DM  

− 

β-tocotrienol − − − nd − 

γ-tocotrienol − − − 0.90 mg/100 
g oil and 
0.21 mg/100 
g DM 

− 

Sources: aBonesi et al. (2019); bMallek-Ayadi, Bahloul, & Kechaou, (2018); cGórnaś & 
Rudzińska (2016); dGórnaś, Pugajeva, & Segliņa, (2014a, b); eDa Silva & Jorge (2014)  

Abbreviations: nd: not detected; − not reported; DM: dry matter 

*percentage lower than 0.1%;  

 21 

 22 

 23 

 24 

 25 

 26 
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 28 

 29 

 30 

 31 
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Table 5. General spectrum of some studies regarding antioxidant activity from different 
varieties of melon by-products. 

Samples Substrates Type of 
Extract 

Employed 
Assay 

Remarks Reference  

Ambrosia Peel 
powder 

Methanolic 
extract  

ABTS (AAE/mL 
extract) 

0.19 Ganji, Singh, & 
Friedman, (2019) 

C. melo Leaf Methanolic 
extract 

DPPH IC50 

(μg/mL) 
780.1 Hashemi, 

Ebrahimzadeh, & 
Khalili, (2019) 

Lyophilized 
peel 

Methanol 
extract  

DPPH IC50 

(μg/mL) 
189.02 Morais et al. 

(2015) 

FRAP (μmol 
FeSO4/100 g 
DM) 

67.75 

Oven dried 
peel 

Methanol 
extract  

DPPH IC50 

(μg/mL) 
370.93 

FRAP (μmol 
FeSO4/100 g 
DM) 

29.36 

Pulp n-hexane 
extract 

ABTS IC50 

(mg/mL) 
4.9%  Bonesi et al. 

(2019) 

DPPH IC50 

(mg/mL) 
33.5%  

FRAP μM (Fe 
(II)/g DM 

6.4 

β-carotene 
bleaching test 
IC50 (mg/mL) 

0.2 

Methanolic 
extract 

DPPH IC50 

(μg/mL) 
582.7 Hashemi, 

Ebrahimzadeh, & 
Khalili, (2019) 

DPPH IC50 

(μg/mL) 
814.24 Morais et al. 

(2015) 

FRAP (μmol 
FeSO4/100 g 
DM) 

28.57 
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Raw peel  Methanol 
extract  

DPPH IC50 

(μg/mL) 
458.60 

FRAP (μmol 
FeSO4/100 g 
DM) 

49.49 

Seed Methanol 
extract  

DPPH IC50 

(μg/mL) 
653.57 

FRAP (μmol 
FeSO4/100 g 
DM) 

6.50 

Canary Peel 
powder 

Methanolic 
extracts  

ABTS (AAE/mL 
extract) 

0.21 Ganji, Singh, & 
Friedman, (2019) 

Cantaloupe Peel Ethanolic 
extracts  

DPPH (mg 
AAE/ g DM) 

12.27 Vella, Cautela, & 
Laratta, (2019) 

FRAP EC50 (mg/ 
mL) 

5.65 

Methanol 
extracts 

DPPH IC50 
(mg/mL) 

9.58 Ismail, Chan, 
Mariod, & Ismail, 
(2010) Hydroxyl radical 

(g DMSOE/ g) 
39.11 

Pulp Methanol 
extracts 

DPPH IC50 
(mg/mL) 

11.9 Ismail, Chan, 
Mariod, & Ismail, 
(2010) Hydroxyl radical 

(g DMSOE/ g) 
67.19 

Seeds Ethanolic 
extracts  

DPPH (mg 
AAE/ g DM) 

0.31 Vella, Cautela, & 
Laratta, (2019) 

FRAP EC50 (mg/ 
mL) 

55.03 

Methanol 
extracts 

DPPH IC50 
(mg/mL) 

25.44 Ismail, Chan, 
Mariod, & Ismail, 
(2010) Hydroxyl radical 

(g DMSOE/ g) 
37.37 

Cantaloupe Peel 
powder 

Methanolic 
extracts  

ABTS (AAE/mL 
extract) 

0.14 Ganji, Singh, & 
Friedman, (2019) 

Charentias 0.17 
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Galaoui Pulp Cetone 
extracts 

ABTS (μM 
Trolox/100 g 
FM) 

160.92  Henan et al. 
(2016) 

Galia  Peel 
powder 

Methanolic 
extracts  

ABTS (AAE/mL 
extract) 

0.26 Ganji, Singh, & 
Friedman, (2019) 

Goddess 0.20 

Golden  Seeds Methanolic 
extract  

DPPH 75.20% Olubunmi, 
Olajumoke, 
Bamidele, & 
Omolara, (2019) 

Lipid 
peroxidation  

83.24% 

Nitric oxide  80.50% 

Hami gold Peel 
powder 

Methanolic 
extracts  

ABTS (AAE/mL 
extract) 

0.20 Ganji, Singh, & 
Friedman, (2019) 

Hami 
melon 

0.14 

Peel  Aqueous 
extract 

FRAP (mmol 
FeSO4/100 g 
FM) 

0.52 Guo et al. (2003) 
Pulp  0.24 
Seed 0.31 

Honeydew Peel 
powder 

Methanolic 
extracts  

ABTS (AAE/mL 
extract) 

0.17 Ganji, Singh, & 
Friedman, (2019) 

Maazoun Pulp Acetone 
extracts 

ABTS (μM 
Trolox/100 g 
FM) 

22.00 Henan et al. 
(2016) 

Santa claus Peel 
powder 

Methanolic 
extracts  

ABTS (AAE/mL 
extract) 

0.20 Ganji, Singh, & 
Friedman, (2019) 

Sharlyn 
melon 

Peel 
powder 

− DPPH 12.53%  Al-Sayed & 
Ahmed (2013) 

Stambouli Pulp Acetone 
extracts 

ABTS (μM 
Trolox/100 g 
FM) 

127.34  Henan et al. 
(2016) 

Sun melon Freeze-dry 
pulp 

Methanolic 
extracts 

DPPH 30%  Shofian et al. 
(2011) 

FRAP (μmol 
Trolox/100 g 
FM) 

550 

Fresh pulp  Methanolic 
extracts 

DPPH 25%  

FRAP (μmol 
Trolox/100 g 
FM) 

500 
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Trabelsi Pulp Acetone 
extracts 

ABTS (μM 
Trolox/100 g 
FM) 

140.01  Henan et al. 
(2016) 

Tuscan Peel 
powder 

Methanolic 
extracts  

ABTS (AAE/mL 
extract) 

0.13 Ganji, Singh, & 
Friedman, (2019) 

Vine 0.17 

Abbreviations: AAE: ascorbic acid equivalents; ABTS: 2,2’-azino-bis-3-
ethylbenzthiazoline-6-sulphonic acid; DM: dry matter; DMSOE: Dimethy sulphoxide  
equivalents; DPPH: ,1-diphenyl-2-picrylhydrazyl; FeSO4: Ferrous sulfate; FM: fresh 
matter; FRAP: Ferric reducing antioxidant power 

 32 

 33 

 34 

 35 

 36 

 37 

 38 

 39 

Table 6. β-carotene and its corresponding vitamin A activity and lutein content in melon pulp 
from different geographical location of the origin and cultivation 

Varieties of Melon  GLO&C β-carotene 

(μg/100 g 
FW) 

Vitamin A 

(IU/100 g 
FW) 

Vitamin A 

(μg 
RAE/100 g 
FW) 

Lutein 

(μg/100 g 
FW) 

Cantaloupe Cantaloupe 
UkVar 

Guatemala 3861 6435 321.8 13.5 

Caribbean 
Gold 

Honduras 3633 6055 302.7 7.2  

Durango CA, USA 2448 4080 204.0 17.3 

Oro Rico CA, USA 3138 5230 261.5 12.7 

Honeydew Emerald  CA, USA 124.1 206.8 10.3 28.9 
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Honeydew 
UkVar 

Mexico 172.9 288.1 14.4 32.6 

Santa Fe CA, USA 109.1 181.8 9.1 25.5 

Saturno  CA, USA 118.7 197.9 9.9 27.7 

Summer 
Dew  

Honduras 99.0 165.0 8.2 13.7 

Vanessa  CA, USA 63.1 105.1 5.3 10.6 

Source: Laur & Tian (2011) 

Abbreviations: RAE: Retinol activity equivalent; GLO&C: Geographical Location of the Origin 
and Cultivation; CA, USA: California, United States of America; UkVar: Unknown variety; FW: 
Fresh weight. 

 40 

 41 

 42 



 

    
A) B) C) D) 

Figure 1. Major parts of melon fruits (Cucumis melo L.). A) mature fruit of C. melo 
inodorus cultivar, B) mesocarp, C) peel, and seed by-products. 
 
 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

Figure 2. Schem focusing on the principal generalities of C. melo fruit  



 

 

 

 
 

Gallic Acid  Hydroxytyrosol Protocatechuic acid 

 
 

 

Tyrosol Chlorogenic acid 4-Hydroxybenzoic acid 

 

 

 
Isovanillic acid 3-Hydroxybenzoic acid Luteolin-7-glycoside 

 
 

 Naringenin Apeginin-7-glycoside Oleuropein 

 

 

 



m-Cumaric acid Phenylacetic acid Luteolin 

 

 

 Pinoresinol        Flavone Amentoflavone 

Figure 3. Structure of phenolic compounds identified in melon peels (Mallek-Ayadi, 

Bahloul, & Kechaou, 2017).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

α-Carotene 

 

β-Carotene 

 

β-Cryptoxanthin 

Figure 4. Structure of the principal carotenoids present in melon with provitamin A 
activity. 

 



Figure 5. Antimicrobial mechanisms of action of essential oils (Rao, Chen, & 

McClements, 2019) 

 



Highlights 

- Fruit processing industrial activities generate a great amount of fruit by-products  

 

- Melon fruit is well known with medicinal and beneficial properties for human 

health 

 

- Musk melon by-products can emerge as a potential source of bioactive molecules  

 

- Carotenoids from melon are promising valuable molecules with pro-vitamin A 

activity  

 

- Studies on the valorization of melon by-products could solve some worldwide 

issues  

 


