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Abstract 

Melon seeds (Cucumis melo L.), accounting for 5% - 10% of the total melon weight, are 

regarded as a low value by-product within the melon supply chain, and are often 

disposed as a waste. However, this by-product holds potential as a source of 

nutritionally valuable compounds for food applications. To date, there is still 

insufficient information about valorisation strategies of melon seeds. Therefore, the 

aim of this study was to assess melon seed potential value and develop valorisation 

strategies for food applications. 

Compositional analysis showed that melon seed contains considerable levels of 

protein (28.4 - 30.4%, w/w), oil (43.5 - 48.3%, w/w), fibre (15.9 - 16.6%, w/w), as well 

as minerals, especially potassium (988.3 - 1076.6 mg/100 g DW) and magnesium 

(514.3 - 541.0 mg/100 g DW). Investigating and developing processing technologies 

are very important as it can reduce food waste and could result to products of good 

nutritional quality, suitable for human consumption. Melon seeds were processed via 

three processing methods namely, soaking, boiling, and roasting, to assess its effect 

on melon seeds nutritional quality. Soaking and boiling methods showed positive 

effect on reducing tannins content (13% - 20%, 10% - 26%, respectively), whereas 

roasting showed adverse effects, including increase in tannins (40% - 114%) and phytic 

acid content (3% - 5%), and decrease in linoleic acid content (approximately 8%). 

Melon seed oil extraction was investigated using solvent extraction (SE), cold-pressed 

extraction (CPE), and aqueous enzymatic extraction (AEE) methods. Melon seed oil 
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was identified as a rich source of linoleic acid (C18:2; 53.6% - 70.8%), β-sitosterol 

(119.5 – 291.9 mg/100 g), and squalene (101.1 - 164.7 mg/100 g). It was seen that the 

choice of oil extraction technology influenced melon seed oil quality; oil obtained by 

aqueous enzymatic extraction (AEE) exhibited higher tocopherol content and better 

oxidative stability as compared to SE and CPE. 

After oil extraction, the defatted melon seed, as a major by-product of melon seed oil 

extraction (often referred to as meal/residue), contained considerable as amounts of 

protein (34.1% w/w) and fibre (35.1% w/w). Subsequently, defatted melon seed was 

used as ingredient in bread formulations as partial substitute to wheat flour. The 

addition of defatted melon seed reduced dough strength, made dough softer and 

weaker, reduced bread specific volume and increased bread hardness. This could be 

attributed to gluten dilution and increased fibre content which induces greater 

disruption of the gluten network. In contrast, from a nutritional point, defatted melon 

seed addition at 10% (w/w) comprehensively improved the nutritional quality of bread 

that can be labelled as ‘source of fibre’ and could contribute to an increased dietary 

intake in fibre. 
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Chapter 1. General Introduction  

1.1. Introduction 

Food waste is currently a significant issue worldwide and has resulted in negative 

environmental, economic, and social impact (Jin et al., 2018). For this reason, most 

countries and organisations have developed strategies based on more circular food 

systems that are focused on capturing value and minimizing waste, aiming to reduce 

food waste by 50% by 2030 (Ellen MacArthur Foundation, 2019; European Commission, 

2015).  

Melon seed, as a major by-product from melon (Cucumis melo L.) supply chain, is 

scarcely utilised, and is usually discarded into landfill (Frankowska et al., 2019; Fundo 

et al., 2018; Miller et al., 2020; Rabadán et al., 2020; Wang et al., 2019). Literature 

shows that melon seeds contain nutritionally valuable compounds, such as protein, oil, 

fibre, and minerals (Miller et al., 2018; Rolim et al., 2020; Silva et al., 2020). In addition, 

melon seed oil contains considerable levels of unsaturated fatty acid, with linoleic acid 

(C18:2) representing the dominant fatty acid, and holds value as an alternative 

vegetable oil source (Mallek-Ayadi et al., 2018; Rezig et al., 2019). Despite their rich 

nutrient composition, melon seeds are underutilised as a food ingredient. Their 

consumption is only encountered in a few countries in Middle East countries, India, 

Indonesia, and China. In those countries, melon seeds are consumed either raw or 

processed (e.g. soaked, boiled, or roasted). According to Mallek-ayadi et al. (2019) and 

Wang et al. (2019), melon seeds have been used as a snack after roasting in the Middle 
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East, and then as sauce or drink after boiling and soaking in India and Indonesia. 

Overall, there is lack of knowledge on efficient ways to utilise melon seed as a source 

of food or as food ingredient. Therefore, the development of valorsation routes for 

melon seed is necessary, to establish this by-product as ingredient into various sectors, 

such as food, cosmetics, and pharmaceutical industries, reduce food waste and 

stimulate sustainable food production and circular economy. 

This project aims to develop valorisation strategies for melon seeds targeting the 

recovery of high value-added compounds, and investigate potential food applications 

as a valuable ingredient.  

 

1.2. Research aims and objectives:  

The overall aim of this project was to develop valorisation strategies for melon seeds, 

targeting the recovery of high value-added compounds, and investigate potential food 

applications as a valuable ingredient. In order to achieve this aim, the following 

objectives were identified: 

1) Evaluate the effect of different processing technologies on melon seed 

macronutrients and anti-nutritional compounds. 

2) Evaluate the effect of extraction technologies on the quality of melon seed oil.  

3) Evaluate the nutrition value and functional properties of defatted melon seed as 

food ingredient.  

4) Investigate the effect of partial substitution of wheat flour with defatted melon seed, 
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on dough properties and bread quality. 

1.3. Contents of the thesis 

Chapter 2 is a literature review covering the botanical characteristics, origin and 

species of melon, the physicochemical composition of melon seeds, processing 

technologies, bioactivities of key molecules in melon seeds, as well as well as current 

melon seed applications in food. 

Chapter 3 presents the results from investigating the impact of three processing 

technologies (soaking, boiling, and roasting) on the physicochemical components of 

melon seeds, including proximate composition, minerals, fatty acid composition, anti-

nutritional compounds, and amino acid profile. 

Chapter 4 presents the results from evaluating the effect of extraction methods 

(Soxhlet extraction, cold-pressed, and aqueous enzymatic extractions) on the 

physicochemical properties, bioactive compounds, and oxidative stability of melon 

seed oil. 

Chapter 5 presents the results from evaluating the defatted melon seed as functional 

food ingredient, analysis of their nutritional value, functional properties from three 

varieties of defatted melon seed and defatted pumpkin seed (as control group).  

Chapter 6 presents the results from reformulating bread by incorporating defatted 

melon seed as partial substitution of wheat flour, and subsequent analysis including 

dough development and bread quality.  
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Chapter 7 is a general discussion for this thesis, presenting key findings, limitations, 

and future work. 
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Chapter 2. Literature review 

 

Abstract 

Melon (Cucumis melo L.) is a commercial fruit planted worldwide in large quantities; 

meanwhile, substantial amounts of melon seeds as a by-product are generated with 

in the food chain supply. Studies have shown that melon seed is an excellent natural 

source of nutrients (oil, protein, minerals, and bioactive compounds), and could be 

considered as a novel ingredient in food development. In addition, melon seed 

extracts have been associated with positive effects on human health, such as 

antioxidant capacity and lowering the risk of diabetes and cardiovascular conditions. 

Currently, there has been extensive attention to valorisation strategies of melon seeds, 

driven by circular economy strategies and UN sustainable development goals agenda. 

Therefore, the aim of this literature review is to highlight melon seed nutritional 

composition, biological activities of individual components, and provide state- of-the-

art applications of melon seeds as ingredients in food product development. Focus is 

also given to promising green extraction technologies for maximising recovery value 

from melon seeds. Ultimately, a better understanding of melon seed properties could 

enable their efficient utilisation and promote viable valorisation routes. 
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2.1. Introduction  

The Food and Agriculture Organisation (FAO) of the United Nations reported in 2015 

that around 1.3 billion tons per year of globally food produced are lost or wasted 

across the food supply chain (FAO, 2015). Food waste is currently a significant issue 

worldwide and has resulted in negative environmental, economic, and social impact 

(Jin et al., 2018). For this reason, most countries and organisations have been focusing 

on the development of circular food systems that are based on capturing value and 

minimizing waste, aiming to reduce food waste by 50% by 2030 (Ellen MacArthur 

Foundation, 2019; European Commission, 2020; FAO, 2015). To this end, a variety of 

food waste management practices have been proposed: (i) recovery and reuse can 

contribute to food waste reduction and promote an efficient use of natural resources; 

(ii) development and design of green technologies and circular economy systems 

towards more sustainable patterns of production, to minimize the adverse effect of 

chemical and waste on human health and the environment; (iii) raise public’s 

awareness for sustainable development and promote lifestyles in harmony with 

nature (Ellen MacArthur Foundation, 2019; European Commission, 2015, 2020; Ritchie 

et al., 2018). Based on this background, the food biorefinery concept has been put 

forward to advance circular economy across the food supply chain (Ekman et al., 2013; 

Jin et al., 2018; Teigiserova et al., 2019). The food biorefinery concept considers the 

recovery of components from food supply chains, including waste or by-products and 

develops novel valorisation strategies as an extension or addition to established 

strategies (e.g. animal feed and composting), leading to the production of 
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medium/high value products, such as functional ingredients, chemicals and 

biomaterials (Lin et al., 2013).  

Melon (Cucumis melon L.) is an important commercial horticultural crop in the world. 

It belongs to the Cucurbitaceae family and is cultivated in several warm parts of the 

world, including Europe, Asia and Africa (Silva et al., 2020). Due to its sweet and juicy 

flesh as well as attractive aroma, melon appeals to a large consumer base and is also 

processed by the food industry into a variety of food products (e.g. juices, fruit salads, 

desserts, canned fruit, and ice cream) (Górnaś et al., 2015). Data from FAOSTAT (Food 

and Agriculture Organization of the United Nations Statistical Analysis) in 2021 showed 

that the annual melon worldwide production was approximately 29 million tons, with 

the largest production in Asia (77%), followed by America (11.5%) and Europe (6.9%). 

As a seasonal fruit, roughly 70% of melon is directly consumed as fresh fruit to 

households and the rest is processed to food products; in addition, about 49% of total 

melon weight is generally considered as non-edible part (seeds and peels), therefore 

classified as by-product and usually ends into landfill (Frankowska et al., 2019; Fundo 

et al., 2018; Miller et al., 2020; Rabadán et al., 2020; Wang et al., 2019). This disposal 

method reflects the inefficient use of natural resources, leading into economic value 

loss, and has negative impact on the environment [generating greenhouse gas (GHG) 

emissions when decompose in landfills, and soil/water contamination] (Osorio et al., 

2021; Socas-Rodríguez et al., 2021).  

Melon seeds (accounting for 5% - 10% of the melon total weight, about 1.5 to 2.9 

million tons) contain high amounts of lipids, proteins, minerals, and carbohydrates and 
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could be therefore considered as a renewable resource to produce medium to high 

value products (Miller et al., 2018; Rolim et al., 2020; Silva et al., 2020). Wang et al. 

(2019) reported that only the USA generates as much as 595 tons of melon seeds 

annually by household consumption, which can create over 6 million US dollars value. 

On the other hand, although melon seeds are rarely used as food ingredient in most 

countries, they are regarded as an edible ingredient in some countries’ traditional 

cuisine, including Middle East, India, Pacific Islands, and China (BBC, 2022; Cecily 

Dignan et al., 2004; Mallek-Ayadi et al., 2019; Rabadán et al., 2020). Specifically, melon 

seeds have been used as a ready-to-eat snack after roasting, or they are crushed and 

used into desserts, drinks, curries, and stews (BBC, 2022; Mallek-Ayadi et al., 2019; 

Rabadán et al., 2020). Nevertheless, in most countries, melon seed is regarded as an 

uncommon ingredient and has hardly been used in food product development. In line 

with the content of the United Nations Sustainable Development Goals (SDG), such as 

SDG 2 (zero hunger) and SDG 12 (sustainable consumption and production), melon 

seed has recently attracted attention as a potential food ingredient, aiming to improve 

the sustainability of the food system. Therefore, it is important to carry out research 

investigating the valorisation strategies for melon seeds; such approach would reduce 

food waste and environmental issues, and stimulate circular economy.  

 

2.2. Botany, origin and cultivation of Cucumis melo  

Melon (Cucumis melo) is one of the most ancient and important crops in the world 

and has been cultivated for several thousand years. The origin of melon is under 
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debate, but several areas have been proposed such as Asia, Africa and Australia (Endl 

et al., 2018). According to the geographical distribution and the most comprehensive 

phylogenetic analysis, it seems that the initially domesticated melon (Cucumis melo) 

originated in Asia (Laghetti et al., 2008; Paris et al., 2012). In addition, the highly 

diversified melon varieties in India and China further support this view (Thakur et al., 

2019). 

Melon (Cucumis melo L.) is a eudicot diploid plant species and belongs to the 

Cucurbitaceae family which includes watermelon, squash, cucumber and pumpkin 

(Garcia-Mas et al., 2012). As a result of variety, morphological, and physiological 

diversity, two subspecies were put forward to distinguish melon, C. melo subsp. melo 

and C. melo subsp. agrestis (Nee & Kirkbride, 1994). In addition, melon is divided 

further into 16 botanical species, with 11 botanical group classifications in the C. melo 

subsp. melo and 5 botanical group classifications in the C. melo subsp. agresits (Burger 

et al., 2010; Pitrat, 2008). Some of these groups are major commercial melon varieties 

due to their great taste and high productivity; the most commercially important 

groups and their representing varieties are listed in Table 2.1 and Figure 2.1. In the UK, 

the most consumed melon varieties are Galia, Honeydew, Cantaloupe, Piel de Sapo, 

and Matice, mainly from Spain, Brazil, Honduras, and Costa Rica (Frankowska et al., 

2019). 
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Table 2.1. The most commercially important cultivar groups of melon and their 
characteristics *. 
Number                                          Group name                                                   Representing 

variety 
Description 

(a) Reticulatus  
(subsp. melo) 

Netted 
muskmelon 

Round, netted, having a 
green or orange flesh, 
climacteric 

(b) Cantalupensis 
(subsp. melo) 

Cantaloupe 
melon 

Round, smooth or 
warted, flesh green or 
orange, non-netted, 
climacteric 

(c) Inodorus 
(subsp. melo) 

Honeydew 
melon 

Smooth-skinned, 
having a sweet, juicy, 
and light green to white 
flesh, non-climacteric 

(d) Flexuosus 
(subsp. melo) 

Serpent melon Long to very long 
(cucumber-like), 
wrinkled or smooth, 
flesh white and not 
sweet or with slightly 
acidic, climacteric 

(e) Conomon  
(subsp. agrestis) 

Oriental pickling 
melon 

Smooth, green or white 
peel, with white flesh, 
sweet or bland, not 
aromatic, non- 
climacteric 

(f) Chito * 
(subsp. melo) 
 

Garden melon Round, smooth, small 
lemon-size or orange-
size, with bland white 
flesh 

(g) Dudaim 
(subsp. melo) 

Queen Anne’s 
pocket melon 

Small, striped orange or 
brown, white and bland 
flesh, highly aromatic, 
climacteric 

(h) Chinensis  
(subsp. agrestis) 

Songwhan 
Charmi melon 

Pyriform, green with 
spots, medium sweet 
with green or orange 
flesh, no aromatic 

(i) Makuwa  
(subsp. agrestis) 

Oriental melon Oblate, smooth, light or 
yellow peel, sweet 
white flesh with quite 
aromatic, climacteric 

*Data compiled from: Burger et al., 2010; Moing et al., 2020; Monforte et al., 2014; 
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Swamy, 2017. Climacteric/non-climacteric: information not found in ‘Chito’ group. 

 

 

Figure 2.1. Images of representative melon cultivar varieties (Monforte et al., 2014; 
Swamy, 2017). 

 

2.3. Chemical composition of melon seeds 

Melon seed have an oval shape, smooth hard surface with yellow colour, and a white-

yellow inner kernel (Figure 2.2). It has been reported that melon seeds are a rich 

source of oil, protein, and minerals (Mallek-Ayadi et al., 2018; Silva et al., 2020). Their 

composition is summarised in Table 2.2 and is affected by multiple factors, including 

variety, region, climate, and growing conditions among others (Mallek-Ayadi et al., 

2019; Mian-Hao & Yansong, 2007; Petkova & Antova, 2015; Rabadán et al., 2020; Yanty 
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et al., 2008). 

 
Figure 2.2. The morphology of the different parts of melon seeds (Cucumis melo L.): 
(a) the whole melon seeds; (b) the shell of melon seeds; (c) the kernel of melon seeds. 

 

Table 2.2. Proximate composition of melon seeds *. 
Component Content (% w/w dry weight) 
Moisture  4.9 - 7.8 
Protein 14.9 - 39.8 
Ash 2.8 - 4.8 
Oil 25.0 - 51.4 
Carbohydrate 5.9 - 30.0 
Fibre 19.0 - 34.1 
Minerals Content (mg/100 g of dry weight) 
Potassium 509.8 - 1148.8 

Magnesium 101.7 - 1062.2 

Calcium 55.4 - 506.1 

Sodium 41.2 - 336.5 

Iron 2.7 - 23.1 

Zinc 2.3 - 9.4 

Copper 0.8 -64.9 

*Data compiled from: Bouazzaoui & Mulengi, 2018; De Melo et al., 2000; Mallek-Ayadi 
et al., 2018; Mian-Hao & Yansong, 2007; Petkova & Antova, 2015; Rezig et al., 2019; 
Sahin et al., 2022; Yanty et al., 2008. 
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2.3.1. Oil 

The oil content of melon seeds ranges from 25% to 51.4% w/w (Table 2.2). Compared 

with other conventional oilseeds such as sunflower seed (approximately 40% w/w) 

(Pérez-Vich et al., 1998), peanut (approximately 50% w/w) (Wang et al., 2012), and 

soybean (approximately 15% w/w) (Medic et al., 2014), the oil content in melon seed 

is generally similar to sunflower seed and peanut and higher than soybean. Due to the 

expansion of markets and the increased requirement for food and non-food 

applications of vegetable oils (e.g. biodiesel), the development of new oil sources has 

been important for many oilseed-importing countries (Zanetti et al., 2013). Compared 

with other novel sources, melon seeds have higher quantities of oil than mango seeds 

(7.0% w/w), strawberry seeds (7.6% w/w), grape seed (9.7% w/w) and kumquat (33.5% 

w/w) (da Silva & Jorge, 2017), indicating that melon seeds could be used as a novel 

source of oil. 

 

2.3.1.1. Fatty acid composition of melon seed oil  

The fatty acid composition of melon seed oil is shown in Table 2.3. It is mainly 

constituted of linoleic acid (50.7% - 69.0%), followed by oleic acid (12.1% - 34.0%), 

palmitic acid (7.1% - 23.9%), and stearic acid (4.6 - 7.4%) (Bouazzaoui & Mulengi, 2018; 

de Melo et al., 2000; Mallek-Ayadi et al., 2018; Mian-Hao & Yansong, 2007; Petkova & 

Antova, 2015; Rezig et al., 2019; Yanty et al., 2008). The linoleic acid content of melon 

seed oil is similar to apple seed oil (58.9%), sunflower oil (62.2%), soybean oil (53.2%), 

and grape seed oil (74.7%) (da Silva & Jorge, 2017; Orsavova et al., 2015; Zhang et al., 
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2021). According to Marangoni et al. (2020), linoleic acid is inversely correlated with 

cardiovascular disease risk. Additionally, Wang et al. (2019) detected conjugated 

linolenic acid (CLnA) in melon seed (1.97 - 2.16 mg CLnA/g seed), which was lower 

than cherry seed (12.79 CLnA/g seed), but higher than apple seed (0.38 mg CLnA/g 

seed) and pear seed (0.05 mg CLnA/g seed). CLnA is a positional and geometric isomer 

of linolenic acid (C18:3), which has been suggested to have potentially positive effects 

for cardiovascular health (Dhar Dubey et al., 2019; Fontes et al., 2017). 
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Table 2.3. Fatty acid composition of melon seed oil *. 
Fatty acid compositions Content (%) 
C4:0 (Butanoic acid) Trace 
C6:0 (Hexanoic acid) Trace 
C8:0 (Octanoic acid) Trace 
C10:0 (Decanoic acid) Trace 
C12:0 (Dodecanoic acid) Trace 
C13:0 (Tridecanoic acid) 0.0 - 0.4 
C14:0 (Tetradecanoic acid) 0.0 - 0.3 
C15:0 (Pendadecanoic acid) Trace 
C16:0 (Hexadecanoic acid) 7.1 - 23.9 
C17:0 (Heptadecanoic acid) 0.0 - 0.2 
C18:0 (stearic acid) 4.6 - 7.4 
C20:0 (Eicosanoic acid) 0.2 - 0.3 
C21:0 (Heneicosanoic acid) Trace 
C22:0 (Docosanoic acid) Trace 
C23:0 (Tricosanoic acid) 0.0 - 0.2 
C24:0 (Tetracosanoic acid) 0.0 - 1.5 
Saturated fatty acids 11.9 - 34.2 
C15:1 (10-Pentadecenoic acid) 0.0 - 0.3 
C16:1 (9-Hexadecenoic acid) 0.0 - 0.2 
C17:1 (1-Heptadecenoic acid) Trace 
C18:1 (Oleic acid) 12.1 - 34.0 
C20:1 (Eicosenoic acid) 0.0 - 0.2 
C22:1 (Erucic acid) 0.0 - 0.4 
C24:1 (Nervonic acid) Trace 
Monounsaturated fatty acids 12.1 - 35.1 
C18:2 (Linoleic acid) 50.7 - 69.0 
C18:3 (Linolenic acid) 0.2 - 0.9 
C20:2 (8,11-Eicosadienoic acid) Trace 
Polyunsaturated fatty acids 50.9 - 69.9 

*Data compiled from: da Cunha et al., 2020; De Melo et al., 2000; Mallek-Ayadi et al., 
2018; Manohar & Murthy, 2014; Mian-Hao & Yansong, 2007; Rabadán et al., 2020; 
Rezig et al., 2019; Yanty et al., 2008. 
 

 

 



 16 

2.3.1.2. Physicochemical characteristics of melon seed oil  

The physicochemical characteristics of the oil indicate its quality. Table 2.4 lists the 

various chemical and physical parameters of melon seed oil which highlight its 

potential as edible oil. The acid value is normally positively correlated with the free 

fatty acid content, whereas the peroxide value relates to the degree of lipid oxidation 

(He et al., 2016; Huang et al., 2023). These two parameters indicate oil stability during 

storage because high acid and peroxide values characterize oils that are more 

susceptible to oxidation (Nehdi et al., 2013). Melon seed oil has a relatively good 

oxidative stability, as shown by its low peroxide and acid values (Table 2.4) (Bora et al., 

2000; Nyam et al., 2009; Rabadán et al., 2020; Zhang et al., 2022). The iodine value 

reflects the level of unsaturated content in oil (Nehdi et al., 2013). The high iodine 

value of melon seed oil indicates a high level of unsaturated fatty acid composition as 

also confirmed by its high content of oleic acid (18: 1) and linoleic acid (18:2) (Mallek-

Ayadi et al., 2018; Manohar & Murthy, 2014; Rezig et al., 2019; Zhang et al., 2022). The 

saponification value indicates the content of high molecular weight triacylglycerols 

(Nyam et al., 2009). The saponification value of melon seed oil is slightly higher than 

other crop oils (e.g. sunflower oil, pumpkin oil, and kenaf seed oil) and this indicates a 

high content of high molecular weight triacylglycerols (Nehdi et al., 2013; Nyam et al., 

2009; Rezig et al., 2012). Generally, the iodine and saponification values can be used 

as indicators of the potential nutritional value of the oil (Huang et al., 2023; Kaur et al., 

2022). Therefore, and considering the above, it can be suggested that melon seed oil 

could be considered as a novel edible oil with commercial potential. 
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Table 2.4. Physicochemical parameters of melon seed oil *. 

Parameters Melon seed oil 

Acid value (mg KOH/g) 1.2 - 9.6 

Iodine value (g I2/100 g) 89.5 - 128.4 

Peroxide value (meq O2/kg) 0.0 - 7.4 

Saponification value (mg KOH/g) 178.3 - 226.8 

*Date compiled from: Bora et al., 2000; Mian-Hao & Yansong, 2007; Petkova & Antova, 
2015; Rabadán et al., 2020; Rezig et al., 2019. 

 

2.3.1.3. Sterols and tocopherols in melon seed oil  

Sterols have similar chemical structures and biological properties to cholesterol, and 

are associated LDL-cholesterol reduction in humans (Jew et al., 2015; Shahzad et al., 

2017). The sterols content in melon seed oil is shown in Table 2.5. Total sterol content 

is reported higher than some conventional oils, such as sunflower (192 mg/100 g of 

oil), pumpkin (91.3 mg/100 g of oil), and soybean (164.9 mg/100 g of oil), but lower 

than grape seed (300.5 mg/100 g of oil), tomato seed (169.8 mg/100 g of oil) and 

passion fruit seed oil (244.4 mg/100g of oil) (da Silva & Jorge, 2014; Fine et al., 2016; 

Mallek-Ayadi et al., 2018). Petkova & Antova (2015) analysed the sterol composition 

from three melon seed varieties and reported that β-sitosterol was the main 

component (50% - 64%), followed by Δ5-avenasterol (19.7% - 42.7%) and stigmasterol 

(2.7% - 4.8%).  

 

 

 



 18 

Table 2.5. Sterols and tocopherol content in melon seed oil*. 
Sterol Content (mg/100 g of oil) 

Campesterol  0.9 - 39.0 

Stigmasterol  1.2 - 19.0 

β-Sitosterol  58.0 - 206.4  

Δ5-avenasterol 2.2 - 153.3 

Cholesterol 0.3 - 3.3 

Total phytosterol  62.6 - 421.0 

Tocopherols  Content (mg/100 g of oil) 

α-tocopherol 1.2 - 20.5 

β-tocopherol 0.0 - 2.7 

γ-tocopherol 25.0 - 63.3 

δ-tocopherol 0.0 - 1.9 

Total tocopherols 26.2 – 88.4 

*Data compiled from: da Silva & Jorge, 2014; Górnaś et al., 2015; Mallek-Ayadi et al., 
2018; Rabadán et al., 2020; Rezig et al., 2012; Zhang et al., 2022.  

 

Tocopherols, major forms of vitamin E, are natural lipid-soluble antioxidants, which 

include homologues of α, β, γ, and δ (Figure 2.3). γ-Tocopherol is predominant in 

melon seed oil (Górnaś et al., 2015) and is considered a highly effective antioxidant 

that can inhibit oil oxidation and increase the oxidative stability by scavenging the 

peroxy radicals (Choe & Min, 2006). Hashemi et al. (2017) investigated the oxidative 

stability of several seed oils under microwave heating conditions; melon seed oil was 

more stable than watermelon oil, due to the tocopherol content of the former (125 

mg/kg) compared to watermelon oil (111 mg/kg).  
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Figure 2.3. Chemical structure of tocopherol (Fine et al., 2016). 

 

2.3.2. Protein 

The protein content of melon seed ranges from 14.9% to 39.8% (w/w) (Table 2.2) and 

is comparable to other high oil seeds in protein content, including flaxseed (20.3%, 

w/w), rapeseed (19%, w/w), sesame seed (15.7%, w/w), sunflower seed (24.2%, w/w) 

(Kotecka-Majchrzak et al., 2020). Glutelin (38.7% w/w of protein), albumin (34.5% w/w 

of protein), and globulin (24.1% w/w of protein) are the predominant protein fractions, 

whereas prolamin is usually present in low levels (2.8% w/w of protein). In terms of 

protein solubility, it is a typical U curve and the minimum solubility at pH 4 (Pasrija & 

Sogi, 2022; Siddeeg et al., 2015). With regards to amino acid profile, the major amino 

acids of melon seed protein are glutamic acid (17.5% - 20% of protein), arginine (13.4% 

- 17% of protein), leucine (7.4% - 7.5% of protein), and aspartic (9.0% - 10% of protein), 

whereas lysine (2.8% - 3.5% of protein) and methionine (0.8% - 2.2% of protein) are 

present in low levels (De Mello et al., 2001; Mallek-Ayadi et al., 2019; Mian-Hao & 

Yansong, 2007). Several studies have shown that melon seed protein contains all 10 

essential amino acids but is limited in cysteine (non-essential amino acid) (Mallek-

Ayadi et al., 2019; Mian-Hao & Yansong, 2007; Zhang et al., 2021).  

2.3.3. Fibre 
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Dietary fibre is important to human gut health and can increase satiety to reduce food 

intake (Hua et al., 2019). The dietary fibre in melon seed ranges from 19% to 34% w/w 

(Table 2.2). In addition, dietary fibre can be divided into soluble (SDF) (e.g. pectin, 

oligosaccharides, and soluble hemicelluloses) and insoluble (IDF) (e.g. cellulose, 

insoluble hemicelluloses, and lignin) (Hua et al., 2019). Studies conducted by Mallek-

Ayadi et al. (2018) reported that SDF and IDF in melon seeds of Maazoun variety were 

3.14% and 22.18% w/w, respectively, indicating that IDF is the major dietary fibre in 

melon seed. However, detailed information on the carbohydrate composition of melon 

seed is still scarce; further research is needed to provide more comprehensive 

understanding of melon seed carbohydrates, their nutritional profile and any potential 

benefits for human health. 

2.3.4. Minerals 

The mineral content of melon seeds is detailed in Table 2.2, with the most prominent 

ones being potassium, magnesium, calcium, and sodium. It is important to note that 

the potassium content can reach 1148 mg/100 g in melon seed. According to the new 

guidance on dietary potassium from WHO, potassium-rich foods include bean and 

peas (~1300 mg/100 g), nuts (~ 600 mg/100 g), spinach (~ 550 mg/100 g), and banana 

(~350 mg/100 g) (WHO, 2013). Compared with these potassium-rich foods, it can be 

concluded that melon seeds have high content of potassium and could be considered 

as a new source of potassium. High sodium dietary intake is a major public health issue 

in both developed and developing countries and is linked with increased risk of 

hypertension and cardiovascular diseases. WHO suggests increased potassium intake 
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and decreased sodium intake to reduce the risk of heart disease (Cepanec et al., 2017; 

Du et al., 2020). Besides, melon seed can also be regarded as a source of calcium (506 

mg/100 g) when compared with plain low-fat yogurt (189 mg/100 g), tofu (183 

mg/100 g), and whole milk (116 mg/100 g) (Titchenal & Dobbs, 2007).  

2.3.5. Polyphenols  

Polyphenols can be found in various plant sources, which through their antioxidant 

activities could offer benefits on human health, through their anti-inflammatory role 

and protection against chronic diseases (Yannone et al., 2012). The total phenolic 

content and antioxidant capacity in melon seeds ranges from 22.9 to 111.7 mg GAE 

(gallic acid equivalent)/100 g, which is similar to potato (92 mg GAE/100 g), rambutan 

seed (120 mg GAE/100 g), but lower than mango seed (895 mg GAE/100 g), passion 

fruit seed (440 mg GAE/100 g) (Fundo et al., 2018; Nguyen et al., 2019; Rolim et al., 

2018; Xu et al., 2009; Zeb, 2016). It would suggest that melon seeds could be 

considered as a relatively good source of antioxidants. However, in vitro antioxidant 

assays cannot accurately evaluate real antioxidant activity in vivo (Granato et al., 2018; 

Martinelli et al., 2021). Besides, these chemical assays also do not consider the 

relevant parameters within a biological environment (e.g. bioavailability, distribution, 

and absorption) as well as other confounding factors (e.g. age and gender) (Apak, 2019; 

Martinelli et al., 2021). Therefore, further research is required to establish reliable 

protocols to determine antioxidant activity of polyphenols in vivo (Granato et al., 2018). 

Moreover, studies conducted by Mallek-Ayadi et al. (2019) and Zeb (2016) investigated 

the phenolic profile of melon seed extracts and indicated that their antioxidant 
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capacity could be associated with the presence of various phenolic compounds 

including gallic acid (4.2 - 6.7 mg/100 g), caffeic acid (66.0 mg/100 g), vanillic acid (1.6 

- 3.9 mg/100 g), catechin (4.3 mg/100 g), ellagic acid (6.5 mg/100 g), resveratrol (2.9 

mg/100 g), and 4-hydroxybenzoic acid (3.3 mg/100 g). 

 

2.4. Extraction technology 

Based on their composition, melon seeds hold potential as a source of value-added 

compounds, such as lipids, proteins, carbohydrates, minerals, and polyphenols, which 

can have a variety of applications in many sectors, such as food, pharmaceutical, and 

cosmetics. Moreover, they could be used as a resource for bioenergy production 

through bioconversion processes (e.g. enzymatic and fermentation processes). 

Recovery of these value-added compounds can maximise value from melon seed. 

Therefore, appropriate extraction technologies are key for scale-up studies and 

commercial applications (More et al., 2022). In the following sections, extraction 

technologies are discussed in detail, including conventional and novel green 

technologies, targeting the recovery of value-added compounds from melon seed. 

Additionally, the advantages and disadvantages for conventional and novel green 

technologies (supercritical fluid extraction, enzyme assisted extraction, and ultrasonic 

assisted extraction) are listed in Table 2.6. 
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Table 2.6. Summary of advantages and disadvantages of conventional and novel green technologies *. 
Method Advantage Disadvantage 

Conventional solvent extraction (CSE) Simplicity of process 
Cost effectiveness 
Modulation of selectivity by solvent choice 

Solvent residue in final products 
Use of large amount of toxic solvents  
Energy intensive 
Flammable risks 

Supercritical fluid extraction (SFE) Low temperature 
Less or no solvent usage 
Fast extraction rate 
Easy solvent recovery avoiding expensive 
post-processing 

Expensive and complex equipment  
High operation cost 
Low polarity of supercritical CO2 

Enzyme assisted extraction (EAE) Enzyme reusability 
Mild reaction conditions 
Low energy consumption and operational 
costs 
High selectivity 
Ease of operation 

Long incubation time 
Complicated drying process after enzymatic 
treatment 
Lack of long-term stability of enzymes 
Enzyme cost 

Ultrasonic assisted extraction (UAE) Simplicity of process 
High yield 
Fast extraction rate 
Less solvent usage 

Non-uniformity distribution of ultrasound 
energy  
Degradation of active compounds from plant 
matrices due to oxidative pyrolysis caused by 
hydroxyl (OH-) radicals during cavitation 

* Data compiled from: AlYammahi et al., 2023; Ameer et al., 2017; Garavand et al., 2019; Geow et al., 2021; Gligor et al., 2019; Renard, 2018; Wu 
et al., 2017. 
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2.4.1. Conventional solvent extraction (CSE)  

Solvent extraction is a conventional method for the recovery of high value-added 

compounds, such as protein, oil, polysaccharides, and polyphenols. Solvent extraction 

usually includes solid-liquid and liquid-liquid extraction. The process involves mixing 

the material with a suitable non-polar solvent (e.g. hexane and petroleum ether for oil 

extraction) or polar solvent (e.g. ethanol and methanol for polyphenols extraction) to 

make the compound solubilise into the extraction solvent where it can be recovered 

from (Alexandre et al., 2018; Jha & Sit, 2022; More et al., 2022). However, some of the 

organic solvents used, such as n-hexane and tetrahydrofuran could be potentially 

harmful and toxic for humans, animals and/or the environment (Chemat et al., 2020). 

Besides, conventional solvent extraction has many drawbacks, including long 

operation times, poor extraction efficiency, solvent residue in final products and 

flammable risks (Garavand et al., 2019; Wu et al., 2017). Therefore, novel, 

environmentally friendly extraction methods are needed to improve on these 

drawbacks. 

 

2.4.2. Supercritical fluid extraction (SFE) 

Supercritical fluid extraction (SFE) is an environmentally friendly extraction method 

that mainly uses carbon dioxide (CO2; typical non-polar solvent; non-toxic and green) 

as supercritical fluid. CO2 at its supercritical fluid state, has high solvation power and 

can diffuse like a gas in solid matrices (Rai et al., 2016; Sagar et al., 2018; Sharif et al., 

2014). In addition, ethanol or methanol, as a polar co-solvent, can be added into 
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supercritical CO2 to target the extraction polar compounds (Figure 2.4) (Chemat et al., 

2020). Supercritical fluid extraction has many advantages compared with conventional 

solvent extraction including a faster, cleaner, and easier separation of the solute from 

the solvent. Maran & Priya (2015) used SFE to extract oil from melon seeds. They 

reported that the fatty acid composition of melon seed oil was not different between 

SFE and hexane extraction, but the total yield of oil (48.11%) using SFE (extraction at 

44 MPa, 49 ℃, 0.64 g/min of flow, and 81 mins of extraction time) was slightly higher 

than hexane Soxhlet extraction (46.83%). Ekinci & Gürü (2019) reported that the 

highest yields of extracted oil, β-sitosterol and stigmasterol by SFE were 36.8 g/100 g, 

304 mg/kg, and 121 mg/kg, respectively, whereas the optimal conditions were 33 ℃, 

200 bar, and 11 g CO2/min. 

 

 
Figure 2.4. Schematic representation of supercritical CO2 system coupled with co-
solvent (Koubaa et al., 2015). 
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2.4.3. Enzyme assisted extraction (EAE) 

Enzyme assisted extraction (EAE) is an environmentally friendly extraction method, 

because enzymes replace traditional solvents (Wen et al., 2020). The principle of 

enzyme assisted extraction is that specific enzymes (such as cellulases, pectinases and 

hemicellulases) are selected to disrupt or hydrolyse the cell wall structure, enhance 

cell permeability and thus increase the extraction yield of targeted components (e.g. 

oil and polyphenols) (Alexandre et al., 2018; Marić et al., 2018; Tang et al., 2022). It is 

important to note that many parameters should be considered to achieve optimal 

extraction conditions in the enzyme assisted processing, including pH, temperature, 

time, enzyme concentration, agitation, as well as the ratio between enzyme and 

substrate (Alexandre et al., 2018; Garavand et al., 2019; Wen et al., 2020). EAE has 

demonstrated its potential for oil extraction, and the schematic representation of 

enzyme assisted oil extraction is presented in Figure 2.5. For example, Ribeiro et al. 

(2016) compared oil extraction from sesame oil by EAE (using pectinase and alcalase) 

and conventional solvent extraction; it showed that the quantity of the oil extracted 

by EAE (36.65%) was lower than solvent extraction (SE) (59.97%), while the quality of 

the EAE extracted sesame oil was better than that of conventionally extracted in terms 

of antioxidant capacity, total phytosterols content, and total polyunsaturated fatty acid 

content. However, in practical oil extraction, EAE could leads into the formation of an 

emulsion, which in turn needs de-emulsification processing to further improve the oil 

extraction yield. 
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Figure 2.5. Schematic representation of enzyme assisted oil extraction. 

 

2.4.4. Ultrasonic assisted extraction (UAE) 

The principle of ultrasonic assisted extraction (UAE) is based on the energy change of 

the expansion of sound waves in a liquid (Figure 2.6) (Jha & Sit, 2022). In UAE 

processing, the transmission of ultrasound through the medium generates cavitation 

bubbles which grow further and collapse, resulting in vibration, mixing, and 

pulverization; these in turn, enhance the molecular vibration frequency, disrupt the 

cell wall, and accelerate the rate of heat or mass transfer (Alexandre et al., 2018; 

Chemat et al., 2020; Mwaurah et al., 2020). Therefore, extraction yield is increased 

and extraction time is decreased (Mwaurah et al., 2020). Process parameters such as 

type of solvent, extraction time and temperature, as well as frequency of ultrasound 

wave have been mentioned as keys variables for the effectiveness and efficiency of 

UAE process (Bruno Siewe et al., 2021). Besides, UAE can be combined with other 
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extraction methods to facilitate cell wall disruption and overcome some limitations of 

other extraction methods (e.g. considerable long extraction time and low extraction 

efficiency) (Wen et al., 2020). For example, it can be combined with enzymes, leading 

to an ultrasonic-assisted enzymatic extraction (UAEE) method (Alexandre et al., 2018). 

Tang et al. (2022) and Kumar et al. (2022) used UAEE method to extract dietary fibre 

and oil in bamboo shoot by-products and sea buckthorn berry, respectively. The 

potential advantage that UAEE could offer is the acceleration of extraction and 

enzymatic hydrolysis process through cavitation, thereby improving the enzymatic 

extraction efficiency (Gao et al., 2022). 

 

 
Figure 2.6. Schematic representation of Ultrasonic assisted extraction: (a) the 
ultrasound controller; (b) transducer; (c) the ultrasound probe; (d) the jacketed beaker 
with sample-solvent mixture inside; (e) water bath system; (f) cavitation bubbles 
phenomena (Wen et al., 2021).  

 

2.5. Utilisation of melon seeds in food product development 
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The conversion of food by-products as ingredients in food formulations is one of the 

most attractive strategies to reduce food loss and capture value. Recently, the 

utilisation of melon seed and their subsequent components in food formulation has 

been explored and has demonstrated their potential as ingredient. The following 

section presents current advances in the application of melon seeds and their 

components in various food matrices. 

Karakaya et al. (1995) developed a melon seed beverage which was made of melon 

seeds, sugar, and water through blending, and demonstrated that the beverage was a 

good source of mineral (iron and magnesium) and protein, and gave very good results 

in hedonic test as ‘liked very much’ (4.9 on a 5-point hedonic scale). In addition, Zungur 

Bastıoğlu et al. (2016) produced a plant-based milk from melon seed spray dried 

powder as alternative to vegans, vegetarians, and lactose-intolerant. Melon seed 

spray-dried powder showed good solubility (92.0% - 99.2%) and storage stability 

(moisture content and water activity are 2.1% - 2.4 % and 0.260 to 0.310, respectively), 

but exhibited poor flowability (50.44 - 53.23 Carr index value) and tended to form 

lumps. In terms of sensory evaluation, melon seed milk showed very good visual 

attributes, particularly a creamy, white colour appearance.  

da Cunha et al. (2020) used melon seeds in confectionary products. Specifically, melon 

seed flour was used as raw material to partly replace wheat flour in three inclusions: 

10% melon seed flour, 30% melon seed flour, and 50% melon seed flour; the control 

was 100% wheat flour. The results demonstrated that all cakes containing melon seed 

flour were well accepted by the panel, as did the control group (100% wheat flour), in 
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terms of their flavour (sweetness) attribute, the score was slightly reduced with 

increasing the ratio of melon seed flour. The 10% melon seed flour cake had the 

highest acceptance.  

Tarjuelo et al. (2022) reformulated dried sausage (fuet) using melon seed oil (extracted 

by hydraulic press) as a pork fat substitute, at 50%, 75%, and 100% (w/w). 

Reformulated fuet sausages had higher linoleic acid content as compared to control 

fuet sausages (100% pork fat). However, in the sensory evaluation, the sensory score 

for fuet sausages made with melon seed oil was lower than that of the control in terms 

of appearance, texture, odour, and taste. In terms of texture, fuet sausage made with 

melon seed oil had significant lower (p < 0.05) hardness value than control. Overall, 

from a nutritional point of view, the evidence in this study suggests the possibility of 

melon seed oil into sausage application, which could lead into nutritionally more 

balanced meat products. 

The above studies highlight some promising progress with regards to melon seeds 

utilisation in food formulations. However, challenges in product quality and 

organoleptic aspects still exist and further work is required to optimise processing 

parameters and develop products acceptable by consumers. Additionally, food matrix 

can influence the bioactivity and bioavailability of nutrients during digestion process, 

and currently, there is still no sufficient information regarding the potentially 

nutritional properties of incorporated melon seed in food. Based on this point, further 

research is needed to identify and evaluate the bioavailability, absorption, and 

bioactivity of melon seed nutrients in vivo. Moreover, considering the safety and 
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quality of by-products is also an important part of valorisation strategies to ensure 

food safety for customer consumption. In general, allergens, microbiological safety, 

and contamination assessment (e.g. pesticides residues and toxins) are most common 

considerations in food safety evaluation (Ayuso et al., 2022; Socas-Rodríguez et al., 

2021). Although there is no available information about melon seed safety and quality 

at present, it merits an important aspect of research in the future. 

 

2.6. Biological activity of melon seed compounds 

Melon seeds could be a potential source of natural bioactive compounds. Research 

studies have indicated the biological activity of melon seeds including their antioxidant 

and anti-proliferative activities, as well as their health benefits in preventing or 

reducing the risk of chronic diseases, such as diabetes, obesity, and cardiovascular 

conditions (Chen et al., 2014; Chen & Kang, 2013; Hao et al., 2020; Rasouli et al., 2017; 

Rolim et al., 2018). Studies by Chen & Kang (2013) demonstrated in vitro that hexane 

extracts of the melon (Cucumis melo L. var. makuwa Makino) seed have potential 

ability on anti-diabetic by inhibiting the activity of α-glucosidase and α-amylase by 35% 

and 62%, respectively; this is because the inhibition of these enzymes can delay 

carbohydrate digestion and glucose absorption thereby controlling the increase in 

post-prandial plasma glucose, which has potential benefit for type 2 diabetics. 

According to the study, this could be attributed to presence of unsaturated fatty acids 

in the hexane extracts of melon seeds. Additionally, Chen et al. (2014) further 

demonstrated that the three key fatty acids in the melon extracts, palmitic, linoleic 
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and oleic acid, had high enzyme inhibitory effects in vitro, especially linoleic acid which 

demonstrated the strongest inhibition towards α-glucosidase and α-amylase.  

Rolim et al. (2018) studied the anti-proliferative effects of melon seed extracts on 

cancer cells (SiHa, Hela, HT-29, and 786-0) and attributed this to their phenolic content. 

The results showed that melon seed extracts, obtained using distilled water, aqueous 

ethanol (30:70 v/v), and aqueous methanol (30:70 v/v) as solvents, exhibited 

inhibition activity for all four types of cancer cells. Zhang et al. (2020) demonstrated 

that melon seed extracts obtained using methanol, distilled water, and chloroform 

showed highly effective anticancer activity in HeLa cell lines and were more cytotoxic 

to HCT116 cell lines. 

Rasouli et al. (2017) purified protein from melon seed as trypsin inhibitor and explored 

its potential anti-angiogenesis and anti-proliferation activities. The results showed that 

the molecular mass of purified protein was 3 kDa and the trypsin inhibition activity 

was 765 CIU/mg (chymotrypsin inhibitory unit per mg of protein). When the 

concentration of purified protein reached 40 μg/ml, the angiogenesis in the Human 

Umbilical Vein Endothelial Cells (HUVEC) capillary tube formation model was 

completely inhibited. Moreover, even at very high concentrations of TICMS, i.e. 120 

μg/mL, there was no cytotoxic effect. Thus, this study indicated that purified melon 

seed protein could be used as a botanical derivative promoting anti-angiogenesis and 

anti-proliferation effects.  

Although melon seed extracts seem to exhibit promising bioactive properties in vitro 
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studies, there is lack of information deriving from in vivo studies that could further 

support these findings. Therefore, there is a need for in vivo studies to produce more 

comparable and reliable data, to validate the bioactive effects of melon seed extracts 

on health and assist in the design of melon seed valorisation strategies. 

 

2.7. Conclusions 

Melon seeds hold potential as a source of oil as well as other functional food 

ingredients (protein/peptides, polyphenols, minerals, and dietary fibre). Research on 

the valorisation of melon seeds should aim at maximising their utilisation, converting 

into value-added products, applicable in food or other sectors (e.g. pharmaceuticals 

and cosmetics), to reduce waste and promote sustainability. Moreover, efficient, 

environmentally friendly, and scalable extraction methods should be evaluated to 

contribute to the transition into a circular economy through producing diverse value-

added products from melon seeds. Regarding melon seed applications in food, the 

main limitation relates to their quality and organoleptic aspects. Therefore, optimising 

intrinsic quality parameters influencing the incorporation of melon seeds or their 

components in foods is an important area of research which should be further pursued. 
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Chapter 3. Impact of processing on the composition of melon seeds 

(Cucumis melo L.)  

 

Abstract 

This study aimed to investigate the composition of two varieties of melon seeds (Galia 

and Cantaloupe) (Cucumis melo L.) and evaluate the impact of processing. The seeds 

were processed by three methods including soaking, boiling, and roasting, and 

analysed in terms of their proximate composition, mineral content, anti-nutritional 

compounds, as well as fatty acid and amino acid contents. Soaking and boiling reduced 

the tannins content (by 13% - 20%, 10% - 26%, respectively). Boiling had a positive 

effect on the extractability of oil, while it resulted in a slight decrease in protein 

content (by approximately 6%) and a significant potassium loss (up to 36% decrease) 

(p < 0.05). Roasting enhanced mineral content (especially in zinc and iron), but 

increased tannin (by 40% - 114%) and phytic acid (3% - 5%) content. Of the three 

processing methods, roasting was not effective in reducing the levels of anti-

nutritional compounds. Overall, this study demonstrated that the melon seeds have 

considerable potential to be valorised through their use as a nutritious food ingredient. 
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3.1. Introduction 

Melon (Cucumis melo L.) is a member of the Cucurbitaceae family; it is one of the most 

important commercial horticultural crops in the world (Yanty et al., 2008). Melons are 

increasingly cultivated and consumed due to their sweet flesh and attractive aroma, 

with the global production being about 28 million tons in 2018 (FAOSTAT, 2018). Melon 

seeds (accounts for 10% of melon weight), is a major by-product in the melon supply 

chain, and are usually generated from household consumption and food industrial 

processing, such as the production of fruit salads and drinks (Gómez-García et al., 

2020). However, melon seeds are scarcely utilised, mainly due to the lack of 

understanding of their nutritional value and suitable processing technologies. Recently, 

studies showed that melon seeds have high nutritional value, attributed to the high 

levels of proteins (15% - 45%), lipids (25% - 45%), dietary fibre (19% - 25%), and 

minerals (rich in potassium), indicating that they would be a potentially nutritious food 

ingredient for human consumption (De Melo et al., 2000; Mallek-Ayadi et al., 2018; 

Mian-Hao & Yansong, 2007; Petkova & Antova, 2015; Rabadán et al., 2020). The 

variation in the nutritional composition of melon seeds might be associated with the 

variety of melons, growing conditions, and seasonal variation of harvest (De Melo et 

al., 2000; Mallek-Ayadi et al., 2018; Mian-Hao & Yansong, 2007). 

Despite their rich nutritional profile, melon seeds are not generally included in culinary 

or food formulations. However, in some countries, melon seeds can be consumed as a 

food following processing. Traditionally, in India and Nigeria, melon seeds can be 

added into sauces, soups, and desserts to provide flavour and a thick texture (Rabadán 
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et al., 2020). In addition, melon seeds after roasting are also regarded as a ready-to-

eat snack in Arabian countries (Mallek-Ayadi et al., 2018). Overall, melon seeds need 

to be processed to improve their edibility before consumption as well as for safety 

(Tenyang et al., 2017).  

In terms of processing technologies, soaking, boiling, and roasting are commonly used 

in both domestic cooking and in the food industry (Feizollahi et al., 2021; Zhao et al., 

2019). During processing, the texture, sensory, and physicochemical properties of the 

food matrix can significantly change, which may have both beneficial or adverse effects. 

It has been shown that after processing, the sensory characteristics, food safety, and 

shelf life of food could be improved, whereas the bioavailability of nutrients could be 

enhanced by decreasing the levels of anti-nutritional compounds (Jain et al., 2016; 

Sharma et al., 2022; Xiong et al., 2019). On the other hand, processing could result in 

nutritional value loss, for example through leaching of minerals and degradation of 

unsaturated fatty acids (Yang et al., 2014; Zhao et al., 2019). 

From a food sustainability and a nutrition point of view, investigating and developing 

processing technologies to add value to various agri-food by-products and residues is 

very important as it can reduce food waste and could result to products of good 

nutritional quality that are suitable for human consumption. To our knowledge, there 

is no available information in the literature on the effect of processing on the 

composition and nutritional quality of melon seeds. Therefore, this study aimed to 

investigate the effect of three processing methods, namely soaking, boiling, and 

roasting, on the proximate composition, as well as the mineral, anti-nutritional 
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compounds, fatty acid and amino acid contents of melon seeds. This will generate 

important knowledge on the impact of processing on the nutritional value of melon 

seeds, and thus contribute towards the development of appropriate valorisation 

processes for melon seeds and reduce food waste. 

 

3.2. Materials and methods 

3.2.1. Chemicals and standards 

Mineral standards (potassium, zinc, magnesium, iron, calcium), hydrochloric acid 

(36%), and sulfuric acid (96%) were purchased from Fisher Scientific (UK). FAME mix 

standard (C4-C24) and isooctane (for gas chromatography ECD and FID) were 

purchased from Supelco (UK). Xylose (≥99%, GC grade), arabinose (≥99%), glucose 

(≥99.5%, GC grade), oxalate (≥99%), vanillin (99%), sodium methoxide solution (0.5 M, 

ACS reagent), and catechin (≥98%, HPLC grade) were purchased from Sigma Aldrich 

(UK).  

3.2.2. Melon seed preparation 

Galia and Cantaloupe melons (both from Spain) were purchased (50 melons for each 

variety) from Waitrose Supermarket (Reading, UK) in July 2021. The seeds were 

separated manually from the fresh fruits, and then washed to remove any flesh 

residuals from their surface. The melon seeds were processed by different cooking 

methods as described in Section 3.2.3. A portion of the melon seeds (control group) 

was dried at 50 °C for 16 h in a tray dryer (Wolverine proctor, USA), grounded in a food 
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grinder (Caterlite, CK686, Bristol, UK), passed through a 600 μm standard sieve, and 

then sealed in a plastic container and stored into freezer at -20 °C until further analysis.  

3.2.3. Processing methods 

3.2.3.1. Soaking  

The soaking method described by Sahni & Sharma (2020) was followed, with some 

modifications. Briefly, 100 g of melon seeds were soaked in 1000 mL of tap water at 

room temperature for 12 h at 1:10 (w/v). In order to prevent rotting, the water was 

changed halfway. After treatment, the seeds were dried at 50 °C for 16 h in a tray dryer 

(Wolverine proctor, USA), grounded (Caterlite, CK686, Bristol, UK) for 30 s, and then 

passed through a 600 μm standard sieve. The seed powder was sealed in a plastic 

container and stored in a freezer at -20 °C until further analysis. 

3.2.3.2. Boiling  

100 g of melon seeds were cooked in 1000 mL of boiling tap water (100 °C) in a ratio 

of 1:10 (w/v) for 30 min. After boiling the seeds were washed with cold water. The 

samples were drained and then were dried at 50 °C for 16 h in a tray dryer (Wolverine 

proctor, USA), grounded (Caterlite, CK686, Bristol, UK) for 30 s, and then passed 

through a 600 μm standard sieve. The seed powder was sealed in a plastic container 

and stored in a freezer at -20 °C until further analysis. 

3.2.3.3. Roasting  

100 g of melon seeds were spread on an oven tray fitted tin foil at the base, and 
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roasted in an oven at 150 °C for 30 min. The roasted melon seeds were grounded 

(Caterlite, CK686, Bristol, UK) for 30 s and then passed through a 600 μm standard 

sieve. The seed powder was sealed in a plastic container and stored in a freezer at -

20 °C until further analysis. 

3.2.4. Proximate analysis 

The proximate composition of the raw melon seeds (control) and processed melon 

seeds was determined by the AOAC (Association of Official Analytical Chemists) 

standard method (AOAC, 2005). The moisture content was determined using a 

moisture analyser (Mettler Toledo, UK). The protein content (conversion factor used 

was 6.25) was determined using the Kjeldahl method according to the AOAC method 

979.09. The lipid content was determined by Soxhlet extraction according to the AOAC 

method 948.22. The ash content was determined according to the AOAC method 

923.03.  

The carbohydrate composition was determined using the protocol by The National 

Renewable Energy Laboratory, NREL/TP-510-42618 (Sluiter et al., 2008). Briefly, 300 

mg of sample were hydrolysed with 3 mL of (72%, v/v) H2SO4 and incubated at 30 °C 

for 1 h. Afterwards, the mixture was diluted by adding 84 mL distilled water and 

autoclaved at 121°C for 30 min, and then was cooled to room temperature and filtered. 

The monosaccharides including glucose (derived from cellulose), xylose, and 

arabinose were quantified by using HPLC (Agilent, 1260 series) with an Aminex HPX-

87H column (300 mm x 7.8 mm, Bio-Rad, California, USA); the operating conditions 
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were as follows: injection volume was 20 μL, mobile phase was 0.005 M sulphuric acid, 

flow rate was 0.6 mL/min, column temperature was at 65°C. Calibration standard 

curves were constructed using external standards [xylose (0 - 5 mg/mL, R2 = 1), glucose 

(0 - 5 mg/mL, R2 = 1), and arabinose (0 - 5 mg/mL, R2 = 1)]. The acid-soluble lignin was 

measured using filtered acid-hydrolysed sample with a UV-Vis spectrometer (BioMate 

3, Thermo, UK) at 320 nm. The acid-insoluble lignin was measured by gravimetric 

analysis and was calculated by the following the Equation 4.1. The calorific values 

(kcal/100 g) were calculated using Atwater general factor system (energy values of 4 

kcal/g for carbohydrate, 4 kcal/for protein, g, and 9 kcal/g for lipid). 

Equation 4.1: 

The acid-insoluble lignin content (g) = the solid residue after hydrolysis (g) – [ash of 

solid residue after hydrolysis (g) + protein content of sample(g)]. 

3.2.5. Mineral content 

The mineral content was analysed by digestion of the ash (Mbuma et al., 2022). Briefly, 

1 g of melon seed was ashed. The ash was digested with 5 mL concentrated 

hydrochloric acid (36%) and evaporated to dryness on a hot plate (100 °C), followed 

by dilution to 50 mL using water (HPLC grade), and then determining the concentration 

of different minerals [zinc (0 - 2 mg/L, R2 = 0.99), magnesium (0 - 2 mg/L, R2 = 0.99)，

calcium (0 - 10 mg/L, R2 = 0.99), iron (0 - 10 mg/L, R2 = 0.99)] using an atomic 

absorption spectrophotometer (Nov AA 350, Analytik Jena GmbH, Germany). 

Potassium (0 - 200 mg/L, R2 = 0.92) was determined using a flame photometer (PFP7, 
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Janway, UK). 

3.2.6. Anti-nutritional compounds analysis 

3.2.6.1 Phytic acid 

The phytic acid content was determined using a phytic acid kit (Megazyme, Ireland) 

and following the manufacturer’s assay procedure (Megazyme, 2017). Briefly, 1 g of 

sample was mixed with 20 mL of 0.66 M HCL for 3 h at room temperature. 1 mL of the 

extract was collected and centrifuged (Mini Spin, Eppendorf, Germany) at 13,000 rpm 

for 10 min. Then, 0.5 mL of the supernatant was mixed with 0.5 mL of 0.75 M NaOH 

solution for neutralisation. The neutralised sample was used to determine the phytic 

acid content using Phytic Acid Assay Kit (Megazyme, Ireland), which was calculated 

following the Equation 4.2 (provided by Megazyme).  

Equation 4.2: 

Phytic acid content = Phosphorus (g/100)/0.282 

3.2.6.2 Tannins 

The tannins content was determined according to Shawrang et al. (2011), with slight 

modifications. 0.5 g of seed powder was extracted with 10 mL of methanol on a shake 

plate (Variomag Poly, Thermo) at 600 rpm for 12 h at room temperature. 1.5 mL of 

extract was collected and centrifuged (Mini Spin, Eppendorf, Germany) at 13,000 rpm 

for 10 min. After this step, 1 mL of supernatant was mixed with 5 mL of freshly 

prepared vanillin-HCL reagent (the reagent was prepared by mixing 4% vanillin in 

methanol and 8% HCL in methanol at a ratio of 1:1). The mixture was incubated at 
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room temperature for 20 min and then the absorbance was measured at 500 nm using 

a UV-Vis spectrometer (BioMate 3, Thermo, UK). Catechin (0 - 50 μg/mL) was used for 

constructing a calibration curve (R2 = 0.99). The tannins content was expressed as mg 

of CE (Catechin equivalent)/100 g of dry weight. 

3.2.6.3. Oxalate  

The oxalate content was determined using the method described by Israr et al. (2013). 

Briefly, 1 g of seed powder was added into 50 mL of 1 M of H2SO4 and incubated in a 

water bath at 15 °C for 15 min. After incubation, the mixture was transferred into a 

100 mL volumetric flask and the volume was made up to 100 mL with 1 M of H2SO4. 1 

mL of the mixture was centrifuged (Mini Spin, Eppendorf, Germany) at 3,000 rpm for 

15 min; the supernatant was filtered (0.20 um filter) and then analysed by HPLC. The 

HPLC analysis was performed in an Agilent 1260 series (Agilent technologies, UK) with 

a UV-Vis detector set at 210 nm and an Aminex ion exclusion HPX-87H (300 x 7.8 mm) 

analytical column fitted with an Aminex cation-H guard column. The mobile phase was 

0.005 M H2SO4 whereas a flow rate of 0.6 mL/min was used; the column temperature 

was 65 °C. A calibration curve (0 - 0.2 mg/mL, R2 = 1) with oxalate standards was 

constructed for quantification.   

3.2.7. Amino acid analysis 

The amino acid composition of the processed melon seeds and control was 

determined according to Eze et al. (2022). Briefly, 0.1 g of sample was mixed with 6 M 

HCL in a sealed container with nitrogen flushed into it to prevent oxidation reactions; 
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the suspension was hydrolysed at 110 C° for 24 h. The hydrolysate was analysed for its 

amino acid content using the EZ-Faast amino acid analysis derivatisation kit 

(Phenomenex, Torrance, CA). The derivatised samples were analysed in electron 

impact mode using an Agilent -5975GC-MS system (Agilent, Santa, Clara, CA) equipped 

with a zebron ZB-AAA column (100 x 0.25 x 0.25). The analytical conditions were as 

follows: the oven temperature was held initially at 110 °C for 1 min, then increased at 

a rate of 30 °C/min to 310 °C; the temperature of the transfer line and ion source were 

kept 320 °C and 230 °C, respectively; the flow rate of the carrier gas was 1.5 mL/min 

and the split rate was 1:40. Amino acids were quantified from calibration curves (0 -

200 µmol/L, R2 = 0.99) constructed using amino acid standard solutions provided in 

the EZ-Faast kit. Cysteine and tryptophan were not detected as they were degraded 

during acid hydrolysis. Samples and standards were analysed in duplicate, and the 

retention time of the standards were used to identify the respective amino acids peak. 

3.2.8. Fatty acid composition analysis 

The fatty acid composition was determined according to Milinsk et al. (2008) with 

certain modifications. 50 mg of seed oil, obtained by Soxhlet extraction were added 

to 2 mL of 0.5 M sodium methoxide solution in methanol and mixed for 5 min for 

methylation reaction to take place. Subsequently, 1 mL of isooctane and 5 mL of 

saturated sodium chloride solution were added and stirred vigorously for 15 min; the 

mixture was allowed to settle for 10 min. The upper layer was then collected and 

transferred into a GC vial, and was analysed by GC (7690B, Agilent, USA) equipped 

with a flame ionization detector (FID) and a fused silica capillary column HP-88 (100 x 
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0.25 x 0.2). The oven temperature was held initially at 120 °C for 1 min, then increased 

to 175 °C at a rate of 10 °C/min and remained at 175 °C for 10 min; it then increased 

to 210 °C at a rate of 5 °C/min and remained for 5 min; it then increased to 230 °C at 

a rate of 5 °C/min and remained for 10 min. The temperature of the injection and 

detector were kept at 250 °C and 280 °C, respectively. The split ratio was at 1:50. The 

carrier gas was helium and the flow rate was 1.5 mL/min. FAME (Fatty acid methyl 

esters) were identified by comparing the retention times to a FAME standard mixture. 

Samples and standards were analysed in duplicate. The individual fatty acid 

composition was expressed as a percentage of total fatty acids (%). 

3.2.9. Statistical analysis 

All experiments were carried out in triplicate unless otherwise stated. The data were 

analysed using the Minitab statistical software (version 20, State College, USA). One-

way analysis of variance (ANOVA) and Tukey’s test were used to compare the mean 

values (p < 0.05) among samples. 

 

3.3. Results and Discussion 

3.3.1. Proximate composition 

Data in Table 3.1 show the proximate composition of the two varieties of melon seeds 

without being subjected to any processing (control), and after processing, namely 

soaking, boiling, and roasting. Both varieties of melon seeds showed considerable 

levels of lipid (43.5% - 46%, w/w) and protein (30.4% - 30.7%, w/w). This result is 
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similar to that of Petkova & Antova (2015) who reported a range of 41% - 45% w/w for 

lipid and 34% - 40% w/w for protein, but higher than others (de Melo et al., 2000; 

Mallek-Ayadi et al., 2018; Mian-Hao & Yansong, 2007; Yanty et al., 2008) who reported 

a range of 25% - 35% w/w for lipid and 15% - 29% w/w for protein. These differences 

regarding the lipid and protein contents of the melon seeds could be attributed to 

differences in variety, region, seasonal variation of harvest, and growth conditions 

(Mallek-Ayadi et al., 2018). Metabolic and physiological traits of crops are affected by 

the genotypes and environmental factors (e.g. soil, rainfall, temperature, frost, and 

salinity), therefore, these factors can affect plant’s growth as well as nutrient 

absorption, resulting in various change in nutritional quality (Gonzalez et al., 2012). To 

the best our knowledge, there is limited information regarding the presence of 

carbohydrates in melon seeds. The glucose content was 4.8% - 5.4%, w/w, indicating 

the presence of cellulose and mixed linkage-glucans, whereas xylose plus arabinose 

were 3.3% - 3.7%, w/w, indicating the presence of hemicellulose such as arabinoxylan; 

meanwhile, the lignin content was 6.0% - 6.8%, w/w. Overall, it was indicated that 

cellulose and hemicellulose-based dietary fibre was more likely the major 

carbohydrate in melon seeds; this aligned to the reports of other researchers (de Melo 

et al., 2000; Mallek-Ayadi et al., 2018; Yanty et al., 2008). The ash content ranged from 

5.2 to 5.7%, w/w. The calorific value of both varieties of melon seeds (549.5 - 569.2 

kcal/100 g) was similar to peanut (557.6 kcal/100 g) and cashew nut (563.6 kcal/100 

g), indicating that it could be considered as a good contributor of energy (Freitas et al., 

2012). Taking into account this and the proximate analysis, it can be suggested that 
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that melon seeds have good nutritional value and can be used as a food ingredient; 

this concept was supported by Mallek-Ayadi et al. (2018) study. 

As expected, melon seeds after roasting showed significantly lower (p < 0.05) moisture 

content than the control melon seeds. No significant change (p > 0.05) in moisture 

content was observed after boiling, whereas a significant increase (p < 0.05) was 

observed only in the Galia seed after soaking. It is possible that during the long soaking 

process, the seeds absorbed water, thus increasing their moisture content compared 

to the control. In terms of protein content, a significant decrease (p < 0.05) was 

observed for both of varieties of melon seeds after boiling. This result was in line with 

previous studies, which reported a decrease in the protein content of sunflower seeds 

after boiling; it was suggested that boiling most likely helped in loosening the seed 

structure (particularly the seed coat), which resulted in the diffusion of some of the 

soluble proteins into the boiling water (Tenyang et al., 2022). On the other hand, 

according to DeVries et al. (2017) and Gao et al. (2015), the principle of Kjeldahl 

method is to measure the total nitrogen content and calculate protein content using 

an appropriate nitrogen-to-protein conversion factor, thus, some non-protein nitrogen 

compounds (e.g. non-protein amino acids) are also accounted for conversion to 

protein content. Therefore, the protein loss phenomenon after boiling could also be 

associated with the non-protein nitrogen loss rather than true protein loss. In contrast, 

in terms of lipid content, a significant increase (p < 0.05) was observed for both of 

varieties of melon seeds after boiling. This result was in line with Mariod et al. (2012) 

study, who reported that the oil content of safflower seed increased from 34.1% to 
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36.1% after 40 min boiling processing. The increase in oil content after boiling could 

be attributed to the protein denaturation and alteration of the oil body lipoprotein 

membranes after boiling, thereby enhancing oil release from oil bodies and 

membranes, resulting in increased oil extractability (Cai et al., 2021). The above 

suggests that boiling could be potentially used as a pre-treatment method, especially 

before oil extraction, to improve the oil yield. In terms of the ash content, no significant 

changes (p > 0.05) were observed in both of varieties of melon seeds after the three 

processing methods. In terms of carbohydrates, a significant increase (p < 0.05) in 

glucose content was observed for both varieties of melon seeds after roasting. It is 

possible that roasting disrupted the crystalline structure of lignocellulosic component 

of the seeds, causing the release of the free cellulose from its lignin seal (McIntosh & 

Vancov, 2011). 
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Table 3.1. Chemical composition of Galia and Cantaloupe melon seeds after different processing methods. 
Composition 
(%, w/w DW) 

Galia   Cantaloupe 

Control Soaking Boiling Roasting   Control Soaking Boiling Roasting 

Moisture 5.8 ± 0.1 b 6.4 ± 0.2 a 5.8 ± 0.3 b 3.3 ± 0.0 c 5.7 ± 0.2 a 5.8 ± 0.3 a 5.6 ± 0.2 a 3.7 ± 0.1 b 
Lipid 43.5 ± 0.3 b 45.0 ± 0.2 a 44.0 ± 0.4 a 44.5 ± 0.3 a 46.0 ± 0.4 b 46.0 ± 0.3 b 48.3 ± 0.2 a 44.6 ± 0.2 c 
Protein 30.4 ± 0.1 a 29.4 ± 0.2 b 28.4 ± 0.1 c 29.2 ± 0.1 b 30.7 ± 0.3 a 30.9 ± 0.1 a 28.9 ± 0.2 b 30.8 ± 0.1 a 
Ash 5.2 ± 0.1 ab 5.1 ± 0.0 ab 4.9 ± 0.2 b 5.3 ± 0.0 a 5.7 ± 0.1 ab 5.3 ± 0.2 b 5.6 ± 0.2 ab 5.9 ± 0.0 a 

Total 
carbohydrate 9.1 ± 0.2 9.3 ± 0.2 9.9 ± 0.4 9.9 ± 0.4 8.1 ± 0.1 8.0 ± 0.2 8.1 ± 0.3 9.6 ± 0.2 

Glucose 5.4 ± 0.1 b 5.7 ± 0.1 ab 6.0 ± 0.2 a 6.0 ± 0.2 a 4.8 ± 0.1 bc 4.7 ± 0.0 c 5.0 ± 0.2 b 5.8 ± 0.1 a 
Xylose 3.1 ± 0.1 a 3.0 ± 0.0 a 3.2 ± 0.2 a 3.2 ± 0.1 a 2.8 ± 0.0 b 2.8 ± 0.0 b 2.6 ± 0.1 c 3.3 ± 0.0 a 
Arabinose 0.6 ± 0.0 a 0.6 ± 0.0 a 0.7 ± 0.1 a 0.7 ± 0.0 a 0.5 ± 0.0 a 0.5 ± 0.0 a 0.5 ± 0.0 a 0.5 ± 0.0 a 

Lignin 6.8 ± 0.3 6.6 ± 0.1 6.7 + 0.3 7.6 ± 0.6 6.0 ± 0.7 6.7 ± 0.2 6.1 ± 0.2 7.3 ± 0.2 

Acid 
insoluble 
lignin 

2.3 ± 0.2 a 2.1 ± 0.1 a 2.6 ± 0.4 a 2.9 ± 0.4 a 2.3 ± 0.3 b 2.2 ± 0.2 b 2.7 ± 0.1 ab 3.3 ± 0.3 a 

Acid soluble 
lignin 4.5 ± 0.1 a 4.5 ± 0.1 a 4.1 ± 0.4 a 4.7 ± 0.4 a 3.7 ± 0.5 ab 4.5 ± 0.3 a 3.4 ± 0.3 b 4.0 ± 0.3 ab 

Calorific 
value 549.5 559.8 549.2 556.9 569.2 569.6 582.7 563.0 

Data represented as mean ± standard deviation (n = 3). Values with different lowercase letters in the same row within each variety are significantly 
different (p < 0.05).
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3.3.2. Mineral composition 

Data in Table 3.2 show the mineral content of the two varieties of melon seeds without 

any processing (control) and after processing. In the two varieties of the control melon 

seeds, potassium (988.3 - 1076.6 mg/100 g) was the major mineral, followed by 

magnesium (514.3 - 541 mg/100 g), and calcium (189.1 - 196.9 mg/100 g); Iron and 

zinc were present in relative low content, 22.2 - 34.6 (mg/100 g) and 4.7 - 6.5 (mg/100 

g), respectively. These results agree with previous reports indicating that potassium 

was the most abundant mineral (Mallek-Ayadi et al., 2018; Morais et al., 2017). 

Compared to the above studies, the potassium level of the melon seeds in the present 

study was similar to the Mallek-Ayadi et al. (2018) study (~1150 mg/100 g), but 

considerably lower than the Morais et al. (2017) study (~2080 mg/100 g). Petropoulos 

et al. (2019) indicated that the variations in the seed mineral contents were mostly 

due to the different growing conditions, such as soil, climate, and location of 

cultivation, since these factors play an important role in determining the solubility and 

availability of nutrients in the root zone of plants thereby influencing nutrient uptake 

of plants. According to the WHO guidelines for potassium intake, the recommended 

potassium intake in adults is at least 3510 mg (WHO, 2012), therefore, the high amount 

of potassium in the melon seeds, indicates that they could be potentially used as a 

functional food ingredient. 

After processing, significant changes were observed in some cases. In terms of 

potassium, a significant reduction (p < 0.05) was observed in the case of boiled melon 

seeds compared to the control melon seeds. The reduction in potassium could be 

attributed to a leaching effect of potassium into the boiling water (Avanza et al., 2013). 
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In contrast, with the exception of soaked and boiled melon seeds, the zinc content was 

significantly increased (p < 0.05) for both varieties of melon seeds after roasting. 

Tenyang et al. (2022) reported a similar result for roasted sunflower seeds (at 120 °C 

for 20 min) compared to control (raw sunflower seed), as the zinc content increased 

from 7.37 to 10.02 (mg/100 g). According to Klepacka et al. (2020), during processing, 

minerals can be released from some complexes, indicating that the roasting process 

could have induce certain modifications in some complexes’ structures causing the 

liberation of bound zinc. The iron content showed a significant increase (p < 0.05) in 

roasted Cantaloupe melon seeds as compared to control. On the other hand, the 

magnesium and calcium contents showed no significant difference (p > 0.05) for both 

varieties of melon seeds after processing. 
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Table 3.2. The mineral content of Galia and Cantaloupe seeds after different processing methods. 
 
Galia 

Minerals (mg/100 g DW) 

Potassium Magnesium Calcium Iron Zinc 

Control 1076.6 ± 29.2 a 541.0 ± 12.4 a 189.1 ± 19.7 a 34.6 ± 4.0 a 4.7 ± 0.9 b 
Soaking 1050.1 ± 11.0 a 517.8 ± 9.1 a 175.3 ± 15.9 a 39.9 ± 0.1 a 4.0 ± 1.3 b 
Boiling 833.0 ± 26.1 b 531.6 ± 10.5 a 205.7 ± 34.4 a 36.9 ± 3.0 a 4.2 ± 0.1 b 
Roasting 1115.4 ± 37.1 a 511.2 ± 40.4 a 240.9 ± 30.9 a 38.5 ± 1.8 a 7.3 ± 1.0 a 

Cantaloupe      

Control 988.3 ± 41.4 a 514.3 ± 17.6 a 196.9 ± 17.3 ab 22.2 ± 1.9 b 6.5 ± 0.1 b 
Soaking 836.5 ± 18.6 b 502.2 ± 9.6 a 162.7 ± 10.5 b 29.9 ± 4.5 ab 6.0 ± 0.2 bc 
Boiling 637.0 ± 41.1 c 519.7 ± 29.0 a 209.5 ± 5.6 a 31.6 ± 4.9 ab 5.8 ± 0.1 c 
Roasting 1013.0 ± 41.1 a 474.6 ± 21.9 a 213.4 ± 20.3 a 32.0 ± 2.8 a 7.0 ± 0.3 a 

Data represented as mean ± standard deviation (n = 3). Values with different lowercase letters in the same column within each variety are 
significantly different (p < 0.05).
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3.3.3. Fatty acid composition 

Data in Table 3.3 show the fatty acid content of the two varieties of melon seeds 

without any processing (control), and after processing; the individual fatty acid content 

was expressed as a percentage of total fatty acids (%). Linoleic acid (74.9% - 75.7%) 

was the most abundant fatty acid in melon seeds, followed by palmitic acid (9.6% - 

10.6%) and oleic acid (8.7% - 10.2%). These results were in agreement with previous 

studies (Mallek-Ayadi et al., 2018; Rabadán et al., 2020; Yanty et al., 2008). Comparing 

the linoleic acid content of melon seed oil with most conventional vegetable oils, it is 

considerably higher than many other oils, such as sesame (41% - 59%), corn (47% - 

60%), and sunflower (31% - 60%), suggesting that melon seed oil could be considered 

as a good source of linoleic acid (Moreau et al., 2009; Nehdi et al., 2013; Tenyang et 

al., 2017). From a nutritional value point, several published works have shown that 

there is a link between increasing dietary intake of unsaturated fatty acids, such as 

linoleic acid and oleic acid, and reducing the risk of cardiovascular disease (Bowen et 

al., 2019; Marangoni et al., 2020). The presence of high amounts of unsaturated fatty 

acid (around 85%, consisting primarily of linoleic acid, oleic acid, and α-linolenic acic) 

in melon seeds oil demonstrates its potential to be used as a novel source of plant oil 

into the human diet.  

During processing, the levels of unsaturated fatty acids were affected, primarily of 

linoleic acid. After roasting, the linoleic acid content was significantly decreased (p < 

0.05) for both varieties of melon seeds (reduced from 74.9% to 69.5% in Galia, and 

from 75.7% reduced to 69.6% in Cantaloupe). This finding is supported by Jain et al. 
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(2016), who reported a similar result for the garden cress (Lepidium sativum) seeds 

after roasting (at 150 °C for 3 min), where the linoleic acid content decreased from 

11.4% to 10.3%. This could be attributed to the oxidation of linoleic acid due to the 

high temperature; it has been reported that temperature is an important factor to 

cause unsaturated fatty acid oxidation, with a higher temperature resulting in a higher 

oxidation rate (Jain et al., 2016; Lin et al., 2016). Furthermore, the higher rate of fatty 

acid oxidation could be attributed to the increasing the number of double bonds, since 

the hydrogen attached to the carbon between two double bonds is removed more 

easily, therefore, polyunsaturated fatty acid (PUFA) (e.g. linoleic acid) is more 

susceptible to oxidation than monounsaturated fatty acid (MUFA) (Valdés et al., 2015). 

After boiling, the linoleic acid content significantly decreased (p < 0.05) for the Galia 

variety (74.9% reduced to 68.3%), while it did not significantly change (p > 0.05) for 

the Cantaloupe variety. The overall differences between roasting and boiling could be 

attributed to the differences in temperature; a higher temperature increases the rate 

of linoleic acid oxidation, and thus results in more linoleic acid becoming oxidised (Suri 

et al., 2019; Tenyang et al., 2017). In addition, soaking of the melon seeds resulted in 

similar changes to boiling, with a decrease in the linoleic acid content observed only 

for the Galia variety (from 74.9% to 71.9%). Overall, the results indicate that roasting 

has a more negative impact on the linoleic acid content compared to boiling and 

soaking. 
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Table 3.3. The fatty acid composition of Galia and Cantaloupe seeds after different processing methods. 
Fatty acids 
(%) 

Galia  Cantaloupe 
Control Soaking Boiling Roasting  Control Soaking Boiling Roasting 

Palmitic acid 
(C16:0) 

9.6 ± 0.1 a 9.3 ± 0.0 b 9.7 ± 0.0 a 9.4 ± 0.0 b 10.6 ± 0.1 a 10.8 ± 0.0 a 10.8 ± 0.2 a 
 

9.6 ± 0.0 b 

Stearic acid 
(C18:0) 

4.3 ± 0.1 d 4.8 ± 0.0 c 5.4 ± 0.0 a 5.1 ± 0.0 b 4.3 ± 0.0 b 4.3 ± 0.0 b 4.4 ± 0.0 b 5.4 ± 0.0 a 

Arachidic acid 
(C 20:0) 

0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a 

Tricosanoic 
acid (C23:0) 

0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a _ _ _ _ 

Oleic acid 
(C18:1) 

10.2 ± 0.0 d 13.1 ± 0.0 c 15.6 ± 0.0 a 14.9 ± 0.0 b 8.7 ± 0.0 b 8.6 ± 0.0 b 8.7 ± 0.1 b 14.7 ± 0.1 a 

Linoleic acid 
(C18:2) 

74.9 ± 0.2 a 71.9 ± 0.1 b 68.3 ± 0.1 d 69.5 ± 0.0 c 75.7 ± 0.1 a 75.5 ± 0.1 a 75.4 ± 0.1 a 69.6 ± 0.1 b 

α-Linolenic 
acid (C18:3) 

0.4 ± 0.0 a 0.3 ± 0.0 a 0.3 ± 0.0 a 0.3 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.01 a 0.2 ± 0.0 a 

SFA 14.3 14.5 15.5 14.9 15.1 15.3 15.4 15.2 
MUFA 10.2 13.1 15.6 14.9 8.7 8.6 8.7 14.7 
PUFA 75.3 72.2 68.6 69.8 75.9 75.7 75.6 69.8 
Unknown 0.2 0.2 0.2 0.4 0.3 0.4 0.3 0.3 

Data represented as mean ± standard deviation (n = 2). Values with different lowercase letters in the same row within each variety are significantly 
different (p < 0.05). SFA - saturated fatty acid; MUFA - monounsaturated fatty acid; PUFA - polyunsaturated fatty acid.
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3.3.4. Amino acid composition 

Data in Table 3.4 show the amino acid composition of the two varieties of melon seeds 

without any processing (control), and after processing. The two varieties of raw melon 

seeds had similar amino acid profiles. In terms of essential amino acids, leucine 

(approximately 2.4% w/w), valine (approximately 1.8% w/w), and phenylalanine (1.4 - 

1.5%, w/w) were the major essential amino acids present in melon seeds. However, 

melon seeds were relatively low concentration in methionine (approximately 0.2% 

w/w), followed by lysine (approximately 0.5% w/w). This result was in accordance with 

previous reports (Mallek-Ayadi et al., 2019; Mian-Hao & Yansong, 2007). In terms of 

the non-essential amino acids, glutamic acid (6.5 - 7.8%, w/w) and aspartic acid (2.9 - 

3.0%, w/w) were the most predominant in melon seeds. Dos Santos et al. (2020) 

reported that ingredients that are naturally rich in glutamic acid can be used as flavour-

enhancers for culinary applications and help to reduce salt without reducing the 

sensory properties. Results from the current study validate this and indicate that 

melon seeds are potential flavour ingredients that could be potentially used as a 

complementary strategy for achieving sodium content reduction in food.  

The results indicated no significant changes (p > 0.05) in the amino acid profiles of the 

melon seeds as a result of the three processing methods. Gurumoorthi et al. (2008) 

reported a similar result for velet bean after soaking, boiling, and roasting. During 

processing, the side chains of some protein-bound amino acids can react chemically 

with each other or with other components (e.g. fat and polysaccharides) under 

appropriate conditions, resulting in a change in the composition of amino acids and/or 
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in individual amino acid content, therefore, changes in amino acid content may 

depend on processing methods and parameters (e.g. time, temperature, and pressure), 

and investigated species of melons (Cobas et al., 2022; Korus, 2012). 
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Table 3.4. Amino acid composition (%, in g/100 g seed DW) of Galia and Cantaloupe seeds after different cooking processing methods. 
Essential 
amino acids 

Galia  Cantaloupe 

Control Soaking Boiling Roasting  Control Soaking Boiling Roasting 

Leucine 2.3 ± 0.0 b 2.4 ± 0.0 ab 2.6 ± 0.1 a 2.4 ± 0.1 ab 2.4 ± 0.1 a 2.4 ± 0.0 a 2.4 ± 0.1 a 2.4 ± 0.0 a 

Methionine 0.2 ± 0.1 a 0.2 ± 0.1 a 0.2 ± 0.0 a 0.2 ± 0.1 a 0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.1 a 0.2 ± 0.1 a 

Phenylalanine 1.4 ± 0.1 a 1.5 ± 0.0 a 1.5 ± 0.0 a 1.4 ± 0.1 a 1.5 ± 0.1 a 1.5 ± 0.0 a 1.5 ± 0.0 a 1.4 ± 0.1 a 

Threonine 0.7 ± 0.1 a 0.8 ± 0.1 a 0.7 ± 0.2 a 0.7 ± 0.1 a 0.7 ± 0.1 a 0.7 ± 0.1 a 0.7 ± 0.1 a 0.7 ± 0.0 a 

Lysine 0.5 ± 0.2 a 0.6 ± 0.2 a 0.6 ± 0.4 a 0.5 ± 0.1 a 0.5 ± 0.2 a 0.5 ± 0.3 a 0.4 ± 0.2 a 0.5 ± 0.2 a 

Valine 1.8 ± 0.1 b 1.9 ± 0.1 ab 2.0 ± 0.0 a 1.9 ± 0.0 ab 1.8 ± 0.0 a 1.9 ± 0.1 a 1.9 ± 0.1 a 1.8 ± 0.1 a 

Isoleucine 1.3 ± 0.1 a 1.3 ± 0.0 a 1.4 ± 0.0 a 1.4 ± 0.0 a 1.3 ± 0.0 a 1.4 ± 0.0 a 1.4 ± 0.1 a 1.3 ± 0.1 a 

Non-essential amino acids 

Alanine 1.1 ± 0.1 a 1.1 ± 0.0 a 1.2 ± 0.0 a 1.2 ± 0.0 a 1.2 ± 0.1 a 1.1 ± 0.1 a 1.1 ± 0.0 a 1.1 ± 0.0 a 

Glycine 1.7 ± 0.1 a 1.7 ± 0.1 a 1.8 ± 0.1 a 1.8 ± 0.1 a 1.8 ± 0.1 a 1.7 ± 0.0 ab 1.6 ± 0.1 b 1.8 ± 0.1 a 

Tyrosine 0.4 ± 0.2 a 0.4 ± 0.1 a 0.4 ± 0.1 a 0.4 ± 0.1 a 0.4 ± 0.1 a 0.4 ± 0.1 a 0.4 ± 0.1 a 0.4 ± 0.1 a 

Glutamine 1.9 ± 0.1 a 1.7 ± 0.2 a 1.8 ± 0.5 a 2.1 ± 0.2 a 1.7 ± 0.0 a 2.0 ± 0.3 a 2.0 ± 0.2 a 2.0 ± 0.2 a 

Serine 0.9 ± 0.1 a 1.0 ± 0.1 a 1.0 ± 0.0 a 0.9 ± 0.2 a 0.9 ± 0.1 a 0.8 ± 0.2 a 0.8 ± 0.1 a 0.8 ± 0.1 a 

Proline 1.1 ± 0.1 a 1.1 ± 0.1 a 1.1 ± 0.1 a 1.1 ± 0.0 a 1.1 ± 0.0 a 1.1 ± 0.0 a 1.1 ± 0.0 a 1.1 ± 0.1 a 

Aspartic acid 3.0 ± 0.1 a 3.0 ± 0.2 a 2.9 ± 0.2 a 2.9 ± 0.2 a 2.9 ± 0.1 a 2.8 ± 0.2 a 2.7 ± 0.1 a 2.7 ± 0.2 a 

Glutamic acid 7.8 ± 0.3 a 7.9 ± 0.3 a 7.1 ± 0.3 a 7.5 ± 0.1 a 6.5 ± 0.8 a 6.4 ± 0.6 a 5.7 ± 0.3 a 6.4 ± 0.7 a 

Data represented as mean ± standard deviation (n = 2). Values with different lowercase letters in the same row within each variety are significantly 
different (p < 0.05).
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3.3.5. Analysis of anti-nutritional compounds 

Data in Table 3.5 show the anti-nutritional compounds of the two varieties of melon 

seeds without any processing (control), and after processing. To the best our 

knowledge, there is limited information on the presence of anti-nutritional 

compounds in melon seeds. For this reason, we analysed phytic acid, tannins, and 

oxalate, because they are widely distributed in edible seeds and are regarded as a 

major limitation for seeds’ nutritional quality and their applications as ingredient in 

food production (Nikmaram et al., 2017).  

Phytic acid (Figure 3.1), with its six reactive phosphate groups, is a strong chelator 

naturally present in plants. It has the ability to form insoluble complexes with minerals 

and protein, and thus reduce their bioavailability, hence it is regarded as an anti-

nutritional compound in food (Samtiya et al., 2020; Shawrang et al., 2011). Phytic acid 

content in melon seeds was approximately 4.1% w/w. Compared with the control, no 

statistically significant (p > 0.05) reduction in phytic acid was observed after soaking 

and boiling. However, for the Cantaloupe variety, roasting resulted in a significant 

increase (p < 0.05) in phytic acid. Sharma et al. (2022) observed a similar result for 

quinoa grains after roasting (at 180 °C for 6.5 min); it was suggested that the increase 

in phytic acid after roasting could be attributed to the complete inactivation of the 

endogenous phytase enzyme. The phytase enzyme is present endogenously in seeds 

and has been suggested as being responsible for the degradation of phytic acid during 

processing; at high-temperature roasting, the intrinsic phytase enzyme could be 

deactivated completely, thus, it cannot degrade phytic acid further down the 

production and supply chain process (Embaby, 2010; Kumar et al., 2021; Sharma et al., 
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2022). 

 

 

Figure 3.1. Chemical structure of phytic acid (Sykam et al., 2021). 

 

Tannins (Figure 3.2) are water-soluble phenolic compounds (molecular weight of more 

than 500 Da), and their anti-nutritional effect is associated with protein digestibility. 

They can inhibit digestive enzymes or bind to proteins resulting in the formation of 

complexes, thus, interfering with protein digestibility (Nikmaram et al., 2017). The 

tannins content of the control melon seeds ranged from 7.8 to 9.8 (mg CE/100 g). 

Soaking and boiling resulted in significant tannins reduction (p < 0.05) for both 

varieties of melon seeds. This could be attributed to a leaching effect because tannins 

are water-soluble (Kataria et al., 2021; Yang et al., 2014). In contrast, the tannins 

content was significantly increased (p < 0.05) after roasting for both varieties. Godrich 

et al. (2023) observed a similar result as tannins increased after roasting chickpeas and 

red kidney beans at 180 °C for 20 min. There are several possible explanations for this 

increase: (1) roasting can modify the structure of cellular membranes and walls 
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thereby releasing more tannins; (2) at high temperature, high-molecular weight 

tannins are broken down into lower molecular weight forms that are more soluble 

which results to a higher content using the spectrophotometric method (Babiker et al., 

2021; Kataria et al., 2021; Xiong et al., 2019). Overall, the results of this study suggest 

that soaking and boiling are the most effective cooking methods for reducing the 

tannins content.  

 

Figure 3.2. Chemical structure of tannins. Hydrolysable tannins: (a) tannic acid, (b) 
gallic acid, (c) ellagic acid. Condensed tannins: (d) prodelphinidin, (e) monomeric 
flavonoid unit. Complex tannins: (f) epigallocatechin-gallate and (g) acutissimin A. 
Phlorotannins: (h) phlorotannin hexamer, and (i) monomeric phloroglucinol (1,3,5-
trihydroxybenzene) unit (Vera et al., 2023). 

 

Oxalate (Figure 3.3) has a negative effect on mineral absorption due to its ability to 

bind divalent metallic cations, such as calcium. For example, a high intake of oxalate in 

the diet could lead to the formation of calcium oxalate stones in the kidney (Israr et 

al., 2013; Nikmaram et al., 2017). In this study, oxalate was not detected in melon 

seeds. Ruan et al. (2013) determined oxalate content in some foods; almond (296.1 

mg/100 g), cashew nut (265.9 mg/100 g), hazel (194.4 mg/100 g) were considered as 

high oxalate foods, whereas sweet corn (6.1 mg/100 g), mung bean (14.3 mg/100 g), 
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and millet (12.7 mg/100 g) were considered as low oxalate food. Comparing melon 

seeds with the above results, it can be suggested that melon seeds should be 

considered as a low oxalate foods. 

 

Figure 3.3. Chemical structure of oxalate (Salgado et al., 2023). 

. 
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Table 3.5. Anti-nutritional compounds of Galia and Cantaloupe seeds after three different processing methods. 
Anti-nutritional 
compounds 

 Galia     Cantaloupe   

Control Soaking Boiling Roasting  Control Soaking Boiling Roasting 

Phytic acid (%, in 
g/100 g DW) 

4.1 ± 0.1 ab 4.0 ± 0.1 ab 3.8 ± 0.1 b 4.2 ± 0.1 a 4.1 ± 0.1 b 4.0 ± 0.1 b 3.9 ± 0.1 b 4.3 ± 0.0 a 

Tannins (mg CE/100 
g DW)  

9.8 ± 0.0 b 7.8 ± 0.1 d 8.8 ± 0.0 c 13.8 ± 0.1 a 7.8 ± 0.1 b 6.8 ± 0.1 c 5.8 ± 0.0 d 18.8 ± 0.0 a 

Data represented as mean ± standard deviation (n = 3). Values with different lowercase letters in the same row within each variety are significantly 
different (p < 0.05); ND: not detected. Oxalate was not detected in any of the samples. 



 75 

3.4. Conclusions 

This study demonstrated that melon seeds are a good food source of protein, oil, 

minerals and dietary fibre. Additionally, the high level of unsaturated fatty acids 

(especially linoleic acid) in the seed oil indicated its potential nutritional quality as a 

novel plant oil. In terms of processing of melon seeds, boiling increased the lipid 

content (by 2% - 5%) and reduced the tannin content (by 10% - 26%), while it led to 

considerable potassium loss (by 23% - 36%) and slightly reduced linoleic acid content 

(by 0.3% - 9%). Roasting slightly improved the zinc and iron contents (by 8% - 55% and 

11% -44%, respectively), while it had a negative effect on the linoleic acid content (~8% 

reduction) and anti-nutritional compounds (phytic acid and tannins); the latter could 

be unfavourable for the bioavailability of nutrients (e.g. mineral and protein). Soaking 

reduced the tannin content (by 13 - 20%), although not as effectively as boiling. Future 

work will aim to investigate the sensory characteristics (e.g. colour and flavour) and 

acceptability of melon seeds treated under different food industrial processing and 

home cooking methods, as well as the bioavailability of melon seed nutrients (e.g. 

protein and minerals), in order to develop a novel and highly nutritious food ingredient 

from a low value feedstock. 
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Chapter 4. Effect of extraction methods on the physicochemical 

properties, and oxidative stability of melon seed oil 

 

 

Abstract 

Melon seed oil was extracted with three different methods (Soxhlet, cold-pressed, and 

aqueous enzymatic extraction), aiming to evaluate the physicochemical properties, 

and oxidative stability of melon seed oil. Melon seed oil contained high levels of 

linoleic acid (53.6% - 70.8%, w/w), squalene (101.1 - 164.7 mg/100 g), and β-sitosterol 

(119.5 - 291.9 mg/100 g). In terms of oil yield, Soxhlet extraction was the most efficient 

(37% - 40.9%, w/w), followed by cold-pressed (16.2% - 17.5%, w/w) and aqueous 

enzymatic extraction (10.7% - 11.3%, w/w). Results shown that the choice of the 

extraction method did not alter fatty acid composition, but impacted on the 

physicochemical properties, content of bioactive compounds and oxidative stability of 

the oil. Specifically, melon seed oil obtained by aqueous enzymatic extraction (AEE) 

exhibited higher tocopherol content and exhibited better oxidative stability compared 

to oil samples obtained by other two extraction methods. Overall, melon seed oil has 

high potential as an alternative source of edible oil. 
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4.1. Introduction 

Edible oil is an important ingredient in daily diet, providing nutritional and 

phytochemical compounds associated with energy and health benefits (Cicero et al., 

2018). With the increasing world population, the identification of sustainable 

alternative oil sources with high nutritional quality is necessary to satisfy the growing 

food demand. On the basis of developing resilient food systems, oil recovery from 

agricultural residues or by-products has recently attracted research interest (Grajzer, 

Wiatrak, et al., 2020; Haller et al., 2022). 

Melon (Cucumis melo L.) belongs to the Curcurbitaceae family and is one of the most 

important commercial tropical fruits cultivated in the world. Melon seeds represent 

10% of the total melon weight; currently, they are underutilised and are usually 

discarded as waste (Silva et al., 2020). Recent studies have shown that melon seeds 

contain considerable amounts of oil (30.7% - 44.5%, w/w) (Petkova & Antova, 2015; 

Rabadán et al., 2020), rich in unsaturated fatty acids and bioactive compounds, such 

as linoleic acid and tocopherols (Mallek-Ayadi et al., 2018; Zhang et al., 2022).  

Conventional solvent and cold-pressed extraction methods are widely used in the oil 

industry. Conventional solvent extraction uses large amounts of organic or nonpolar 

solvents, and has limitations with regards to oil quality (Nie et al., 2020). In contrast, 

cold-pressed extraction takes place in the absence of organic solvents and can 

maintain oil quality, but may cause lipid oxidation issues (Tura et al., 2022). The 

limitations of the above mentioned traditional extraction methods have prompted the 

development of novel, environmentally friendly, and sustainable extraction processes 

that yield edible oil of high quality. Aqueous enzymatic extraction (AEE) has received 
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much attention in this regard (Nonviho et al., 2015). Compared with traditional 

extraction methods, the use of water as extraction solvent and the potential of enzyme 

reusability are major advantages in AEE (Nguyen et al., 2020). Nevertheless, low oil 

recovery is one of the major challenges for AEE; recent studies have shown that its 

combination with other extraction technologies such as ultrasonication and 

microwave, could improve oil yield (Latif & Anwar, 2011; Mwaurah et al., 2020). 

Studies have also reported that oil quality and nutritional components can vary 

depending on extraction methods (Nie et al., 2020; Zhang et al., 2022). However, to 

date, there is scarce information regarding the quality and nutritional value of melon 

seed oil obtained by different extraction methods.  

Therefore, the aim of this study was to evaluate the effect of three extraction methods 

(Soxhlet, cold-pressed and aqueous enzymatic extraction) on the physicochemical 

properties, content of bioactive compounds, and oxidative stability of melon seed oil.  

4.2. Materials and methods 

4.2.1. Chemicals and standards 

Methanol (HPLC grade), 2-propanol (Laboratory reagent grade), n-hexane (HPLC 

grade), petroleum ether (laboratory reagent grade), and acetonitrile (HPLC grade) 

were purchased from Fisher Scientific (UK). Tri-sil HTP reagent was purchased from 

Thermo Scientific (UK). FAME standard mixture (C4-C24) and isooctane (for gas 

chromatography ECD and FID) were purchased from Supelco (UK). Protease (from 

Bacillus amyloliquefaciens), cellulase (from Trichoderma reesei), 5α-cholestan-3β-ol 

(≥95%), sodium methoxide solution (0.5 M, ACS grade), β-sitosterol (≥95%), 

cholesterol (≥99%, sigma grade), squalene (≥98%), campesterol (~65%), stigmasterol 
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(~95%), α-tocopherol (≥96%, HPLC grade), γ-tocopherol (≥96%, HPLC grade), and δ-

tocopherol (≥90%) standards were purchased from Sigma Aldrich (UK). 

4.2.2. The preparation of sample 

Galia melon (from Honduras), Honeydew melon (from Brazil) and Cantaloupe melon 

(from Brazil) were obtained (200 melons for each variety) from Sainsbury Supermarket 

(Reading, UK) in March 2021. Seeds were manually separated from the fresh, and were 

washed with water to remove any flesh residual on the seeds’ surface. Seeds were 

dried in vacuum dryer (Townson & Mercer Ltd, Croydon, UK) at 75 oC and 25 kPa for 

24 h. Afterwards, melon seeds were stored at - 18 oC for further analysis.  

4.2.3. Soxhlet extraction (SE) 

30 g of melon seed powder (grounded and passed through 600 μm sieve) were 

weighted and extracted in a Soxhlet apparatus with petroleum ether for 6 h at 40 oC. 

After the extraction process, a rotary evaporator (R-144, BUCHI, UK) was used to 

remove the residual solvent from the extracted oil. The melon seed oils were stored in 

the freezer at -18 oC to avoid oil oxidation until further analysis. Oil yield was calculated 

according to Equation 4.1. The oil yield was 37% - 40.9%, w/w. 

Equation 4.1: 

Oil yield (g/g, %) = Mass oil extracted (g)/Mass of the sample initially processed (g) x 

100 

4.2.4. Cold-pressed extraction (CPE) 

200 g of melon seeds were pressed at room temperature using a cold-press machine 

(KK 20F SPEZ, oil press GmbH & Co, KG, Germany). After pressing, the oils were 
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centrifuged at 1107 x g for 15 min (ST 8 Centrifuge, Thermo) at room temperature to 

separate the oil from the residue; then the cold-pressed oil was collected and stored 

in the freezer (-18 °C) to avoid oil oxidation for future analysis. Oil yield was calculated 

following the Equation 4.1 (Section 4.2.3). The oil yield was 16.2% - 17.5%, w/w. 

4.2.5. Aqueous enzymatic extraction (AEE) 

Aqueous enzymatic extraction of melon seed oil was based on the method reported 

by Mat Yusoff et al. (2016). Briefly, 5 g of melon seed powder (grounded and passed 

through 600 μm of sieve) were mixed with 25 mL of distilled water, at a liquid/solid 

ratio of 5:1. The pH was adjusted at 6 with using 1.0 M HCL/NaOH, and then 3% (v/w) 

of protease and cellulase, in a ratio of 3:1, were added to the mixture. Then, the 

mixture was incubated in a water bath at 50 °C and 150 rpm for 6 h. After extraction, 

the suspension was centrifuged at 1107 x g for 20 min (ST 8 Centrifuge, Thermo). The 

oil (upper layer) was collected using micropipette and stored at -18 °C to avoid oil 

oxidation for further analysis. Oil yield was calculated following the Equation 4.1 

(Section 4.2.2). The oil yield was 10.7% - 11.3%, w/w. 

4.2.6. Oil physicochemical properties 

The following parameters were evaluated based on their respective AOAC method 

(AOAC, 2005): acid value (AOAC method, 969.17), iodine value (AOAC method, 993.20), 

saponification value (AOAC method, 920.160), and peroxide value (AOAC method, 

965.33). 

4.2.7. Fatty acid composition analysis 

The fatty acid composition was determined according to Milinsk et al. (2008) with 

some modifications. Briefly, 50 mg of melon seed oil samples were added into 2 mL of 
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0.5 M sodium methoxide solution in methanol and mixed for 5 min for methyl 

esterification. After this step, 1 mL of isooctane and 5 mL of saturated sodium chloride 

solution were added and stirred vigorously for 15 min. The upper layer was collected 

and transferred into a GC vial, and was analysed by GC (7690B, Agilent, USA) equipped 

a flame ionization detector (FID). The analysis of fatty acid methyl esters (FAME) was 

conducted using a fused silica capillary column HP-88 (100 x 0.25 x 0.2). The oven 

temperature was held initially at 120 °C for 1 min, then increased to 175 °C at a rate of 

10 °C/min and remained at 175 °C for 10 min; then increased to 210 °C at a rate of 

5 °C/min and remained at 210 °C for 5 min; then increased to 230 °C at a rate of 

5 °C/min and remained for 10 min. The temperature of the injection and detector were 

kept at 250 °C and 280 °C, respectively. The split ratio was 1:50. The carrier gas was 

helium and flow rate at 1.5 mL/min. FAME were identified by comparison of retention 

time of FAME standard mixture. The individual fatty acid composition was expressed 

as a relative percentage of total fatty acids identified (%). 

4.2.8. Determination of sterols and squalene content 

Sterols and squalene content were determined according to the method described by 

Liu et al. (2019) with some modifications. Briefly, 0.2 g of oil sample was mixed with 

20 mL of 1.0 M KOH in ethanol and 1 mL of 1.0 M internal standard (5α-cholestan-3β-

ol), and heated at 90 °C for 1 h in a reflux condenser. After that, 10 mL of distilled water 

and 5 mL of n-hexane were added to the mixture, followed by vigorous mixing for 30 

s. Then, samples were left to rest for 5 min and the n-hexane layer was collected with 

a micropipette. The extraction with n-hexane was repeated three times and all extracts 

were combined and evaporated under N2 flow at 40 °C until dryness. The residue was 
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derivatized by using 0.5 mL of Tri-sil HTP reagent for 30 min at 60 °C in a water bath. 

Afterwards, the derivatized sample was transferred into GC vials, and was analysed by 

GC (7690B, Agilent, USA) equipped a flame ionization detector (FID) using a HP-5ms 

column (30 m x 0.25 mm x 0.25 μm; J&W Scientific, Folsom, CA, USA). The column 

temperature was initially held at 200 °C for 0.5 min, then increased to 270 °C at a rate 

of 10 °C/min, and then held at 270 °C for 25 min. FID detector temperature was set at 

290 °C and the temperature of injection port was set at 280 °C. Helium was used as 

carrier gas and kept the flow rate was 1.0 mL/min. The split ratio was 20:1. Sterols and 

squalene were quantified according to calibration curves made with known 

concentrations of external standards, including β-sitosterol (0 - 0.4 mg/mL, R2 = 1), 

campesterol (0 - 0.2 mg/mL, R2 = 0.99), stigmasterol (0 - 1 mg/mL, R2 = 0.99), 

cholesterol (0 - 1 mg/mL, R2 = 0.99), and squalene (0 - 1 mg/mL, R2 = 0.99). 

4.2.9. Analysis of tocopherol content 

The tocopherol content of melon seeds oil was determined according to Martakos et 

al. (2020) with slight modifications. Briefly, 100 μL of oil sample was dissolved into 900 

μL of 2-propanol, mixed, filtered (0.20 μm filter), and analysed by HPLC coupled with 

a diode array detector (DAD) (Agilent 1260, Agilent Technologies, Stockport, UK) in a 

Zorbax SB-C18 column (150 x 4.6 mm, Agilent, UK). An isocratic method was applied 

using (A) methanol (50%) and (B) acetonitrile (50%) as mobile phase. The flow rate was 

1.0 mL/min, and the DAD was set at 295 nm. Each tocopherol compound was 

quantified according to calibration curves made with known concentrations of 

external standard, including α-tocopherol (0 - 0.5 mg/mL, R2 = 0.99), γ-tocopherol (0 - 

0.5 mg/mL, R2 = 0.99), and δ-tocopherol (0 - 0.5 mg/mL, R2 = 0.99). 
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4.2.10. Determination of oil oxidation stability  

The determination of oxidation stability of melon seeds oil was carried out as 

described by Kiralan et al. (2014) with some modifications. Briefly, 10 g of oil sample 

were placed in an air oven at 60 °C for 30 days. Peroxide value was measured according 

to AOAC method (965.33), in three-day-intervals for a total of 30 days storage duration. 

4.2.11. Statistical analysis 

All samples were analysed in triplicate. The data was analysed by Minitab (version 20) 

statistical analysis software. One-way analysis of variance (ANOVA) with Tukey’s HSD 

test were used to evaluate significant difference (p < 0.05) between samples. 

 

4.3. Results and Discussion 

4.3.1. Oil yield and physicochemical properties of melon seed oil 

The oil yield differed depending on the extraction method, with the highest achieved 

via Soxhlet extraction (SE, 37% - 40.9%, w/w), followed by cold-pressed extraction (CPE, 

16.2% - 17.5%, w/w) and aqueous enzymatic extraction (AEE, 10.7% - 11.3%, w/w). 

The differences in the obtained oil yield are primarily due to the mechanism of 

extraction for each technique (Zhang et al., 2022; Zhang et al., 2023). The principle of 

SE is based on the contact and interaction between organic solvents and solute 

compounds to extract oil by dissolving, thus there are usually high extraction yields 

associated with the method, which is also AOAC approved (Zhang et al., 2022). CPE is 

based on the mechanical pressing technique to force oil to be squeezed out of plant 

cells; due to inherent limitations during pressing, not all the oil can be removed from 
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pressed oilseeds, and this method is often accompanied by a second solvent extraction 

step, in order to remove most of the oil from the matrix (Zhang et al., 2023). AEE is 

using water as extraction solvent with selected enzymes for oil extraction, thus, 

numerous variables can affect oil yield, such as type of enzyme, temperature, and 

chemical structure and composition of oilseeds. In addition, AEE can lead to the 

formation of an emulsion during extraction, which will further negatively affect oil 

yield and often requires subsequent steps to retrieve the extracted oil (Mat Yusoff et 

al., 2016). 

The physicochemical parameters of melon seed oils from three varieties, obtained by 

different extraction methods, are shown in Table 4.1. The parameters assessed, 

namely acid value, peroxide value, iodine value, and saponification value, are all 

related to oil quality. 

Acid value represents the free fatty acid content in oils, which reflects the degree of 

lipid rancidity and is associated with oil quality, since free fatty acids could denote 

triglyceride hydrolysis during storage (He et al., 2016). The acid value of melon seed 

oils ranged from 0.7 to 1.8 mg KOH/g, indicating low lipid rancidity. Comparing the acid 

values of oils extracted by different methods, there was no significant difference 

between cold-pressed and aqueous enzymatic extraction (p > 0.05), but both were 

lower than Soxhlet extracted oil, indicating that the latter had a relative higher free 

fatty acid content. This could be attributed to prolonged extraction processing and 

other non-triglyceride content (e.g. monoacylglycerols and diacylglycerols) that can be 

extracted by polar solvents (Mat Yusoff et al., 2020). 

Peroxide value is an indicator of the degree of oil oxidation (Mat Yusoff et al., 2020). 
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There was no significant differences between extraction methods (p > 0.05) (Table 4.1). 

The peroxide value of all melon seed oils ranged from 6.7 to 8.9 meq O2/kg, 

consistently lower than the Codex standard for edible oils (up to 15 meq O2/kg), 

indicating that melon seed oil could be considered as edible (Codex Alimentarius 

Commission, 2001). 

Iodine value reflects the unsaturation degree of fatty acids. Based on data in Table 4.1, 

no consistent changes were observed in iodine values with different extraction 

method. Values between 117.0 - 147.3 g I2/100 g were obtained, which were higher 

than those reported for sunflower, olive, and rapeseed oil (80.0 - 107.5 g I2/100 g), 

indicating the unsaturated nature of melon seed oil (Konuskan et al., 2019).  

Saponification value reflects the average chain length of fatty acids, a higher 

saponification value indicates a shorter chain length of fatty acids (He et al., 2016). The 

saponification value of melon seed oil ranged from 108.9 to 205.4 mg KOH/g, whereas 

the saponification values of melon seed oil obtained by cold-pressed and aqueous 

enzymatic extraction were higher than that of Soxhlet extracted oil. This indicated that 

the latter contained longer fatty acids (Wu et al., 2020). According to Górnaś et al. 

(2013), high saponification value in oils indicates their suitability for soap production. 

As such, another avenue that could be explored based on this quality parameter is the 

utilisation of melon seed oil obtained by cold-pressed and aqueous enzymatic for soap 

making. 
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Table 4.1. The physicochemical parameters of Galia, Cantaloupe, and Honeydew seed oil from different extraction methods. 
Variety Extraction method Acid value  

(mg KOH/g) 

Peroxide value  

(meq O2/kg) 

Iodine value 

(g I2/100 g) 

Saponification value 

(mg KOH/g) 

 SE 1.8 ± 0.1 a 8.1 ± 0.4 a 147.3 ± 2.0 a 129.0 ± 1.4 c 

Galia CPE 1.3 ± 0.0 b 7.8 ± 0.3 a 137.7 ± 2.1 b 190.2 ± 1.6 b 

 AEE 1.2 ± 0.2 b 8.4 ± 0.5 a 132.6 ± 3.3 b 205.4 ± 2.0 a 

 SE 1.8 ± 0.3 a 8.9 ± 0.4 a 141.1 ± 2.6 a 108.9 ± 5.0 b 

Cantaloupe CPE 1.1 ± 0.0 b 8.3 ± 0.4 a 133.6 ± 3.1 b 190.2 ± 0.9 a 

 AEE 1.0 ± 0.2 b 6.7 ± 0.1 b 126.9 ± 1.4 c 183.9 ± 1.4 a 

 SE 1.4 ± 0.2 a 8.1 ± 0.4 a 124.2 ± 3.5 ab 123.0 ± 2.3 c 

Honeydew CPE 0.7 ± 0.1 b 7.8 ± 0.4 a 129.7 ± 7.4 a 185.5 ± 0.9 a 

 AEE 1.0 ± 0.2 ab 8.2 ± 0.5 a 117.0 ± 4.3 b 152.2 ± 1.2 b 

Data represented as mean ± standard deviation (n = 3). Different lower letters in the same column within each variety indicates significant 
difference associated with extraction method (p < 0.05). SE - Soxhlet extraction; CPE - cold-pressed extraction; AEE - Aqueous enzymatic extraction. 
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4.3.2. Fatty acid profile of melon seed oil 

Data in Table 4.2 show the fatty acid profile of extracted melon seed oil. In relation to 

the extraction methods, no significant differences (p > 0.05) were observed in the fatty 

acid compositions of each variety. In terms of fatty acid profile, all samples were rich 

in unsaturated fatty acids (over 80%, w/w), with linoleic acid representing the 

predominant one (53.6% - 70.8%, w/w), followed by oleic acid (14.5% - 29.9%, w/w). 

In terms of saturated fatty acids, palmitic acid (8.8% - 10.2%, w/w) was found to be 

the main one, followed by stearic acid (4.5% - 6.1%, w/w). The results of this study are 

in agreement with previous reports, highlighting the abundance of linoleic acid in 

melon seed oil (Mallek-Ayadi et al., 2018; Rabadán et al., 2020). With regards to fatty 

acid profile differences among the varieties, large differences were found in linoleic 

and oleic acid content, and less in palmitic and stearic acid content. Among the three 

varieties, Galia and Cantaloupe exhibited much higher linoleic acid content than 

Honeydew, whereas Honeydew exhibited higher oleic acid content compared to the 

other two varieties (Table 4.2). Similar results was reported by Coetzee et al. (2008), 

who investigated the fatty acid composition in eight varieties of kenaf seed oil from 

South Africa; these differences could be due to genotypic variations and the impact of 

varying growth parameters (e.g. climate, soil, and year of harvest) (Boschin et al., 2008; 

Coetzee et al., 2008; Wang et al., 2013). 

Overall, the considerable levels of unsaturated fatty acids (mainly due to linoleic and 

oleic acid) render melon seed oil a nutritionally valuable oil as compared to other 

commercial vegetable oils, such as olive (80%) and sunflower oil (85%) (Cerchiara et 

al., 2010). 
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Table 4.2. Fatty acid profile (%) of Galia, Cantaloupe, and Honeydew melon seed oil from different extraction methods. 
Fatty acid   Galia    Cantaloupe    Honeydew  
 (%) SE CPE AEE  SE CPE AEE  SE CPE AEE 
Palmitic 
acid (C16:0) 9.6 ± 0.1 a 9.6 ± 0.0 a 8.8 ± 0.0 b 9.9 ± 0.0 b 9.9 ± 0.0 b 10.2 ± 0.1 a 9.4 ± 0.1 a 9.4 ± 0.0 a 9.4 ± 0.0 a 

Stearic acid 
(C18:0) 4.5 ± 0.0 c 4.7 ± 0.0 b 4.8 ± 0.0 a 6.0 ± 0.0 a 6.1 ± 0.0 a 5.5 ± 0.1 b 5.9 ± 0.1 b 6.1 ± 0.0 a 5.7 ± 0.0 c 

Oleic acid 
(C18:1) 14.9 ± 0.1 b 15.5 ± 0.1 a 14.5 ± 0.1 c 15.4 ± 0.0 b 15.8 ± 0.0 a 14.5 ± 0.1 c 29.1 ± 0.1 b 29.9 ± 0.1 a 28.2 ± 0.1 c 

Linoleic acid 
(C18:2) 69.9 ± 0.1 b 69.3 ± 0.1 c 70.8 ± 0.1 a 67.4 ± 0.0 b 67.3 ± 0.0 b 68.8 ± 0.2 a 54.3 ± 0.1 b 53.6 ± 0.1 c 55.3 ± 0.1 a 

α-Linolenic 
acid (C18:3) 0.2 ± 0.0 b 0.2 ± 0.0 b 0.3 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a 0.1 ± 0.0 b 0.2 ± 0.0 a 

Arachidic 
acid (C20:0) 0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a 0.3 ± 0.0 a 0.2 ± 0.0 b 0.2 ± 0.0 b 0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a 

Gondoic 
acid (C20:1) 0.1 ± 0.0 a 0.1 ± 0.0 a 0.1 ± 0.0 a _ _ _ 0.1 ± 0.0 a 0.1 ± 0.0 a 0.1 ± 0.0 a 

Tricosanoic 
acid (C23:0) 0.1 ± 0.0 b 0.1 ± 0.0 b 0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a 0.2 ± 0.0 a 0.1 ± 0.0 b 

SFA 14.5 14.7 14.0 16.4 16.4 16.1 15.8 16.0 15.5 
MUFA 15.0 15.6 14.6 15.4 15.8 14.5 29.3 30.0 28.3 
PUFA 70.1 69.5 71.1 67.6 67.5 69.0 54.5 53.7 55.5 
Unknown 0.4 0.2 0.3 0.6 0.3 0.4 0.4 0.3 0.7 

Data represented as mean ± standard deviation (n = 3). Different lower letters in the same row within each variety indicate significant difference 
associated with extraction methods (p < 0.05). SE - Soxhlet extraction; CPE - cold-pressed extraction; AEE - Aqueous enzymatic extraction; SFA - 
total saturated fatty acid; MUFA - total monounsaturated fatty acid; PUFA - total polyunsaturated fatty acid. 
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4.3.3. Tocopherol content in melon seed oil 

Tocopherols (Vitamin E) are oil-soluble natural antioxidants, which play an important 

role in oil oxidative stability and human health (Górnaś, 2015; Nie et al., 2020). The 

tocopherol content of three melon seed oil varieties extracted with different methods 

are presented in Table 4.3. γ-Tocopherol was the major tocopherol in melon seed oils, 

ranging from 6.8 to 67.3 mg/100 g. In addition, α-tocopherol was not detected in any 

of the oils, whereas δ-tocopherol was only detected in low amounts in the Cantaloupe 

seed oil (0.9 - 1.2 mg/100 g). This indicated that γ-tocopherol was the dominant 

tocopherol in melon seed oil, in agreement with previous studies (Rabadán et al., 2020; 

Zhang et al., 2022). Notably, the highest γ-tocopherol content was found in Galia 

melon seed oil (Table 4.3). Compared with previous studies, Rabadán et al. (2020) and 

Zhang et al. (2022) detected low concentrations of α-tocopherol (1.2 - 7.4 mg/100 g) 

and δ-tocopherol (0.9 - 2.7 mg/100 g) in melon seed oil. In addition, tocopherol 

content varied significantly among the three melon varieties in this study; previous 

studies reported that tocopherol content in plant materials is mostly influenced by 

agronomical factors including variety, region, soil, and climate (Górnaś, 2015; Zhang et 

al., 2019). Considering the total tocopherol content of melon seed oils, significant 

differences on tocopherol content were observed with different extraction methods 

(p < 0.05); the sequence was listed as AEE > CPE > SE, except Galia variety. It can be 

seen that extraction methods affect tocopherol content. High tocopherol content in 

AEE extracted oil could be attributed to enzymatic hydrolysis that degrades substrate 

molecules (proteins and polysaccharides) and reduces the formation of tocopherol 

complexes with protein or polysaccharides, thereby enhancing their final 

concentration in the extracted oil (Gai et al., 2013; Latif & Anwar, 2011).  
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Table 4.3. Tocopherol content (mg/100 g) of Galia, Cantaloupe, and Honeydew melon 
seed oil from different extraction methods. 
Variety Extraction α-tocopherol γ-tocopherol δ-tocopherol Total 

 SE ND 52.4 ± 0.4 b ND 52.4 

Galia CPE ND 47.4 ± 0.3 c ND 47.4 

 AEE ND 67.3 ± 0.2 a ND 67.3 

 SE ND 28.6 ± 0.4 c 1.2 ± 0.0 a 29.8 

Cantaloupe CPE ND 32.5 ± 0.0 b 0.9 ± 0.0 b 33.4 

 AEE ND 46.9 ± 0.3 a ND 46.9 

 SE ND 6.8 ± 0.2 c ND 6.8 

Honeydew CPE ND 14.6 ± 0.0 b ND 14.6 

 AEE ND 15.0 ± 0.1 a ND 15.0 

Data represented as mean ± standard deviation (n = 3). Different lower letters in the 
same column within each variety indicate significant difference associated with 
extraction method (p < 0.05). SE - Soxhlet extraction; CPE - cold-pressed extraction; 
AEE - Aqueous enzymatic extraction; ND - not detected. 
 

4.3.4. Sterol and squalene content in melon seed oil 

Sterols are commonly present as components of the unsaponifiable part in vegetable 

oils. Numerous studies have reported that sterols have anti-inflammatory activity, 

inhibit cholesterol absorption, and may also exhibit antioxidant and anti-bacterial 

effects (Wu et al., 2020; Zhang et al., 2019). 

Sterol content in melon seed oils obtained with different extraction methods is 

presented in Table 4.4. Results showed that β-sitosterol was the major sterol (119.5 - 

291.9 mg/100 g), followed by campesterol (83.6 - 133.2 mg/100 g); cholesterol and 

stigmasterol were not detected. The abundance of β-sitosterol in melon seed oil has 

led to the suggestion of utilising this sterol as an identification maker for melon seed 

oil (da Silva & Jorge, 2014; Górnaś & Rudzińska, 2016; Mallek-Ayadi et al., 2018). As 

shown in Table 4.4, the amount of individual sterols and total sterols seemed to be 
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influenced by the oil extraction method. Li et al. (2007) and Zhang et al. (2020) 

reported similar results in sea buckthorn and milk thistle seed oils obtained by 

different extraction methods. Sterols are located in monolayers and bilayers of various 

cell organelles, such as oil bodies, chloroplast, and chromoplasts, form protective 

layers on seed surfaces or are components of cell membranes (Dąbrowski et al., 2019; 

Liao et al., 2021); during oil extraction, the extraction of these compounds requires 

disruption of the membrane matrix or contact and interaction with extraction solvent, 

followed by release into the oil (Dąbrowski et al., 2019). Therefore, the final 

concentration of these compounds in oil can be affected by their physicochemical 

properties (e.g. polarity, structure, and partition coefficient) and extraction methods 

as well as the relevant extraction conditions (e.g. temperature, pressure, polarity of 

solvent) (Li et al., 2007; Liao et al., 2021; Tir et al., 2012).  

Squalene is a compound of high nutritional value with potential health benefits, 

including anti-photooxidative and anti-atherosclerotic effects (Lou-Bonafonte et al., 

2018; Lyashenko et al., 2021). The squalene content of melon seed oils ranged from 

101.1 to 164.7 mg/100 g (Table 4.4). Compared with other commercial vegetable oils, 

the squalene content of melon seed oil was higher than that of rapeseed sunflower, 

corn, and palm oil, all of which have been reported to contain squalene in the range 

of 11.9 to 43.7 mg/100 g (Cicero et al., 2018; Tuberoso et al., 2007).  
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Table 4.4. Sterols and squalene content (mg/100 g) of Galia, Cantaloupe, and Honeydew melon seed oil from different extraction methods. 
Variety Extraction Cholesterol Campesterol Stigmasterol β-sitosterol Total sterols Squalene 

 SE ND 98.1 ± 1.3 a ND 177.6 ± 1.9 b 275.7 118.7 ± 1.5 b 

Galia CPE ND 83.6 ± 1.6 b ND 157.9 ± 3.7 c 241.5 101.1 ± 1.9 c 

 AEE ND 96.9 ± 1.5 a ND 238.7 ± 2.1 a 335.6 156.2 ± 0.4 a 

 SE ND 133.2 ± 1.6 a ND 291.9 ± 3.9 a 425.1 164.7 ± 1.1 a 

Cantaloupe CPE ND 121.6 ± 1.6 b ND 182.6 ± 2.7 c 304.2 146.5 ± 2.3 b 

 AEE ND 99.9 ± 1.5 c ND 204.7 ± 5.7 b 304.6 107.8 ± 1.5 c 

 SE ND 97.7 ± 4.1 a ND 157.3 ± 8.5 a 255.0 135.0 ± 7.9 a 

Honeydew CPE ND 103.6 ± 2.3 a ND 119.5 ± 4.9 b 223.1 141.1 ± 2.3 a 

 AEE ND 102.5 ± 2.5 a ND 130.5 ± 0.6 b 233.0 112.8 ± 2.6 b 

Data represented as mean ± standard deviation (n = 3). Different lower letter in the same column within each variety indicates significant 
difference associated with extraction method (p < 0.05). SE - Soxhlet extraction; CPE - cold-pressed extraction; AEE - Aqueous enzymatic extraction; 
ND - not detected. 
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4.3.5. Oil oxidative stability 

Oil oxidative stability is an important index to evaluate oil quality and shelf life 

(Bettaieb Rebey et al., 2019). Data in Figure 4.1 show the oxidative stability of melon 

seed oils, based on peroxide value changes under storage at 60 °C (accelerated storage 

conditions). 

 
Figure 4.1. Peroxide value change in melon seed oils from different extraction methods 
during storage at 60 °C. (a) Galia variety; (b) Cantaloupe variety; (c) Honeydew variety; 
SE- Soxhlet extraction; CPE - cold-pressed extraction; AEE - aqueous enzymatic 
extraction. Error bars are shown in the symbol.  
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At the end of storage period (30th day), AEE-derived melon seed oils (Galia 77.7 meq 

O2/kg, Cantaloupe 91.2 meq O2/kg, and Honeydew 134.5 meq O2/kg) had the lowest 

peroxide value compared to SE (Galia 131.6 meq O2/kg, Cantaloupe 157.9 meq O2/kg, 

and Honeydew 171.6 meq O2/kg) and CPE (Galia 153.8 meq O2/kg, Cantaloupe 325.1 

meq O2/kg, and Honeydew 428.7 meq O2/kg), indicating that AEE-derived melon seed 

oil had better oxidative stability. Furthermore, under the same extraction method, 

Honeydew seed oil showed the lowest oxidative stability compared to other two 

varieties. These could be attributed to the tocopherol content in the extracted oil 

(Table 4.3), since the presence of tocopherol had positive effect on oil oxidative 

stability. In contrast, although CPE extracted oil contained higher tocopherol content 

than SE extracted oil (Table 4.3), their oxidative stability were lower than SE extracted 

oil, indicating that other compounds (e.g. sterols and squalene) also play important 

role in oil oxidative stability. As shown in Figure 4.3, the peroxide value at the end of 

storage (30th day) depends on many factors, but none of them showed a high 

correlation. It has been reported that synergistic effects between tocopherol and other 

antioxidants (phenolic acids, carotenoids, sterols, squalene as well as some Maillard 

reaction products) could play an important role for enhancing the oxidative stability in 

oils (Choe & Min, 2006; Lutterodt et al., 2011; Naziri et al., 2016). On the other hand, 

the oxidative stability of oil depends on the level of unsaturated fatty acid as well as 

the content of pro/antioxidant compositions in oil (Grosshagauer et al., 2019); 

according to Grajzer et al. (2020), cold-pressed oil could contain more pro-oxidant 

factors (e.g. metal ions), which are more susceptible to causing oil oxidation. 
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Data shown in Figure 4.2 show the difference in linoleic acid (C18:2) content of melon 

seed oils between day 0 and day 30. The melon seed oil obtained by CPE showed 

higher loss rate of linoleic acid content compared to AEE and SE. Especially in 

Cantaloupe and Honeydew varieties, the linoleic acid content was decreased up to 9%. 

High loss rate of unsaturated fatty acids indicates high degree of oxidation and a 

subsequent reduction of the oil nutritional quality (Huang et al., 2021). In contrast, the 

loss rate of linoleic acid from melon seed oils obtained by SE and AEE were lower than 

CPE, further indicating that SE and AEE extracted oil had better oxidative stability than 

CPE extracted oil. Therefore, taken together, these results suggest that melon seed oils 

obtained by SE and AEE had better oxidative stability and relative higher linoleic acid 

retention, with samples obtained by AEE performing best. 
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Figure 4.2. The linoleic acid (C18:2) content of melon seed oils obtained by different 
extraction methods before and after accelerated storage conditions. (a) Galia variety; 
(b) Cantaloupe variety; (c) Honeydew variety; SE - Soxhlet extraction; CPE - cold-
pressed extraction; AEE - aqueous enzymatic extraction.  
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Figure 4.3. Analysis of Pearson correlation. Correlation values that are close to 1, −1, 
and 0 indicate a strong positive correlation, a strong negative correlation, and a weak 
or no linear relationship, respectively. PV - peroxide value; AV - acid value; IV - iodine 
value; SV - saponification value; SFA - saturated fatty acid; MUFA - monounsaturated 
fatty acid; PUFA - polyunsaturated fatty acid; TT - total tocopherol content; TS - total 
sterol content; PV (day 30) - peroxide value at end of storage (30th day).  

4.4. Conclusions 

Melon seed oil was found rich in linoleic acid, phytosterols, and squalene; its 

composition could be translated into a wide range of applications in food, cosmetics, 

and pharmaceutical industries. In relation to the extraction method, the choice of 

extraction method did not affect fatty acid composition but impacted on 

physicochemical properties, content of bioactivity compounds, and oxidative stability 

of the oils. Melon seed oil obtained by AEE exhibited high tocopherol content and 

oxidative stability. Considering the oil quality, aqueous enzymatic extraction method 

(AEE) seemed to be more advantageous, but was accompanied by low oil yields. 

Further work on other assisted extraction methods (e.g. ultrasonic and microwave) 

combined with AEE could improve oil yield.  
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Chapter 5. Defatted melon (Cucumis melo L.) seeds as a novel functional 

food ingredient: physicochemical and functional properties, anti-

nutritional and bioactive compounds 

 

Abstract 

This study aimed to determine the chemical composition including phenolic acid 

profile and the antioxidant capacity, as well as the functional properties, of three 

varieties of defatted melon seeds (Galia, Cantaloupe, Honeydew), and compare these 

with defatted pumpkin seeds (as control group). The defatted melon seeds contained 

high level of protein (51.1% - 54.2%, w/w), dietary fibre (29.4% - 33.2%, w/w), 

potassium (1181.0 - 2373.1 mg/100 g), and GABA (γ-aminobutyric acid, 1.4 - 4.3 

mmol/kg), whereas in terms of anti-nutritional compounds, they contained a relatively 

high amount of phytic acid (5.0% - 5.8%, w/w). They also exhibited good water and oil 

absorption capacity and emulsifying capacity. In terms of phenolics, the free phenolics 

(FP) fraction was the major component (75% - 77%), followed by the conjugated 

phenolics (CP) fraction (15% - 16%), and the bound phenolics (BP) fraction (about 8%); 

the antioxidant capacity of each fraction also followed the same sequence (FP > CP > 

BP). Considering the nutritional composition, functional properties, and the presence 

of potentially bioactive compounds, defatted melon seeds have considerable potential 

to be used as a functional food ingredient for the reformulation of foods. 
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5.1. Introduction  

1.3 Billion tons of food by-products are estimated to be produced globally; these 

include, among others, plant-derived materials such as husks, seeds, stems, pulp, roots 

and peels (Rodríguez-García & Raghavan, 2022). Despite of their potential nutritional 

value (e.g. protein, polysaccharide, oil), generally, they are scarcely utilised for higher 

value applications, and are disposed to landfill due to the lack of sustainable 

management strategies (Sahin et al., 2022; Teigiserova et al., 2019). Currently the 

strategies for food waste management include landfilling, incineration and composting; 

these represent a low efficiency utilisation approach and are not considered as eco-

friendly and sustainable, as they could lead to the generation of greenhouse gases 

(GHG), which have a negative effect for the environment (Gómez-García et al., 2021). 

Therefore, in order to achieve circularity across the food system, strengthen 

sustainability and efficient resource utilisation, food by-products and residues 

produced across agricultural production and food manufacture should be recovered 

and converted through a range of valorisation strategies to medium and high value 

products with applications in the food and other sectors (e.g. personal care, packaging, 

chemical and energy) (Comino et al., 2021; Teigiserova et al., 2019).  

Melon seed (Cucumis melo L.) is a major by-product generated during consumption 

and melon processing, and constitutes 5% to 10% of the total melon weight (Silva et 

al., 2020). Previous studies have shown that melon seeds are rich in oil (25% - 38%, 

w/w) and are also high in protein (15% - 45%, w/w) and fibre (19% - 25%, w/w) 

(Petkova & Antova, 2015; Sahin et al., 2022; Yanty et al., 2008). The variation in the 
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nutritional composition of melon seeds might be associated with the variety of melons, 

growing conditions, and seasonal variation of harvest (Kolayli et al., 2010; Yanty et al., 

2008). Due to their high oil content, particularly in unsaturated fatty acids, the focus 

in terms of valorisation of melon seeds has been on oil extraction (Hao et al., 2020; 

Mallek-Ayadi et al., 2018; Yanty et al., 2008). Defatted melon seeds is the main by-

product generated after oil extraction, and which could also have potential value 

considering its high content in proteins, dietary fibre, and bioactive compounds. 

However, to date, there are no studies on the exploitation of defatted melon seeds. 

It is necessary to evaluate the composition and nutritional value as well as the 

functional properties of defatted melon seeds in order to create value from this 

abundant resource. Therefore, the aim of this study was to investigate the 

physicochemical properties, functional properties, phenolic acid composition, and 

antioxidant capacity of three defatted melon seed varieties, in order to generate key 

knowledge for the valorisation of defatted melon seeds and its utilisation for food 

applications. To this end, defatted pumpkin seeds were selected as a control group for 

comparative purposes, since they belong to the same family (Cucurbitaceae). 

 

5.2. Materials and Methods 

5.2.1. Chemicals and standards 

Methanol (HPLC grade), petroleum ether (laboratory reagent grade), sulfuric acid 

(96%), acetic acid (ACS reagent), ethyl acetate (GC grade), acetonitrile (HPLC grade), 
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and chlorogenic acid (98%) were purchased from Fisher Scientific (UK). Folin-Ciocalteu 

reagent, 6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), 2,4,6-

tripyridyl-s-triazine (TPTZ), 2,2- diphenyl-1-picryhydrazyl (DPPH), sodium hydroxide, 

sodium carbonate (≥99%), ascorbic acid (analytical reagent grade), ferric chloride (ACS 

reagent), oxalate (99%), xylose (≥99%, GC grade), arabinose (≥99%), glucose (≥99.5%, 

GC grade), vanillin (99%), catechin (≥98%, HPLC grade), caffeic acid (≥98%, HPLC grade), 

epicatechin (≥90%, HPLC grade), p-coumaric acid (≥98.0%, HPLC grade), 

protocatechuic acid (99.7%), cinnamic acid (≥9%, HPLC grade), ferulic acid, gallic acid, 

syringic acid (98%), sinapic (≥98%), and gentisic acid (98%) were purchased from Sigma 

Aldrich (UK). 

5.2.2. The preparation of sample  

Three commercial types of melons were used in this study, including Galia, Cantaloupe, 

and Honeydew. The Galia melon (from Honduras), Honeydew melon (from Brazil), 

Cantaloupe melon (from Brazil) were obtained (50 melons for each variety) from 

Sainsbury Supermarket (Reading, UK) in March 2021. Pumpkin (from UK) was obtained 

from Marks & Spencer (Reading, UK). All sample seeds were separated manually from 

the fresh fruits, and then washed to remove any flesh residual on the seeds’ surface. 

The seeds were dried in a vacuum drier (Townson & Mercer Ltd, Croydon, UK) at 75 °C 

and 25 kPa for 24 h. They were then grounded in a food grinder (Caterlite CK686, 

Bristol, UK) and the powder passed through a 600 μm sieve. The seed powder was 

defatted by Soxhlet extraction with petroleum ether at 40 °C for 6 h. The defatted 

sample was air dried at room temperature for 18 h to remove the residual solvent. The 
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defatted sample was milled through a 600 μm sieve, sealed in a plastic container, and 

stored into the freezer at -20 °C until further analysis.  

5.2.3. Proximate analysis  

The proximal composition of grounded seed powder was determined by the AOAC 

standard methods (AOAC, 2005). More specifically, ash was determined by the AOAC 

923.03 method, lipid by the AOAC 930.90 method, and protein (N x 6.25 used as the 

conversion factor) by the AOAC 979.09 method. The moisture content was determined 

using a moisture analyser (MA35 mode, Sartorius, Germany). The mineral content was 

determined using an atomic absorption spectrophotometer (Nov AA 350, Analytik 

Jena GmbH, Germany), the detailed procedure of analysis was the same as previously 

reported in Chapter 3 in Section 3.2.5. 

The carbohydrate composition was determined using the protocol by the National 

Renewable Energy Laboratory, NREL/TP-510-42618 (Sluiter et al., 2008). Briefly, 300 

mg of sample were hydrolysed with 3 mL of (72%, v/v) H2SO4 and incubated at 30 °C 

for 1 h. Afterwards, the mixture was diluted by adding 84 mL distilled water and 

autoclaved at 121°C for 30 min, and then was cooled to room temperature and filtered 

(0.20 μm filter). The monosaccharides including glucose (derived from cellulose), 

xylose, and arabinose were quantified by using HPLC (Agilent, 1260 series) with an 

Aminex HPX-87H column (300 x 7.8 mm, Bio-Rad, California, USA); the operating 

conditions were as follows: injection volume 20 μL, mobile phase 0.005 M sulphuric 

acid, flow rate 0.6 mL/min, column temperature 65 °C. Calibration standard curves 
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were made using external standards [xylose (0 - 5 mg/mL, R2 = 0.99), arabinose (0 - 5 

mg/mL, R2 = 0.99), and glucose (0 - 5 mg/mL, R2 = 0.99)]. The acid-soluble lignin was 

measured using filtered acid hydrolysed sample with a UV-Vis spectrometer (BioMate 

3, Thermo, UK) at 320 nm. The acid-insoluble lignin was measured by gravimetric 

analysis and was calculated using Equation 5.1. 

Equation 5.1: 

Acid-insoluble lignin content (g) = the solid residue after hydrolysis (g) – [ash of solid 

residue after hydrolysis (g) + protein content of sample (g)].  

5.2.4. Anti-nutritional compounds 

5.2.4.1. Phytic acid 

The phytic acid content was determined using a phytic acid kit (Megazyme, Ireland) 

and following the manufacturer’s assay procedure (Megazyme, 2017). Briefly, 1 g of 

sample was mixed with 20 mL of 0.66 M HCL for 3 h at room temperature. 1 mL of the 

extract was collected and centrifuged (Mini Spin, Eppendorf, Germany) at 13,000 rpm 

for 10 min. Then, 0.5 mL of the extract supernatant was mixed with 0.5 mL of 0.75 M 

NaOH solution for neutralisation. The neutralised sample was used to determine the 

phytic acid content using Phytic Acid Assay Kit (Megazyme, Ireland). The phytic acid 

content was calculated by using the following Equation 5.2 (provided by Megazyme).  

Equation 5.2: 

Phytic acid content = 
Phosphorus	(g/100 g)

0.282
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5.2.4.2. Tannins 

The tannins content of sample was determined according to Shawrang et al. (2011) 

described with slight modifications. 0.5 g of sample was extracted with 10 mL of 

methanol on a shake plate (Variomag Poly, Thermo) at 600 rpm for 12 h at room 

temperature. Then, 1.5 mL of extract was collected and centrifuged (Mini Spin, 

Eppendorf, Germany) at 13,000 rpm for 10 min. After this step, 1 mL of supernatant 

was mixed with 5 mL of freshly vanillin-HCL regent (the reagent was mixed with 4% 

vanillin in methanol and 8% HCL in methanol at the ratio of 1:1). The mixture was 

incubated at room temperature for 20 min and then the absorbance was measured at 

500 nm using a UV-Vis spectrometer (BioMate 3, Thermo, UK). Catechin was used for 

constructing a calibration curve (0 - 100 μg/mL, R2 = 0.99). The tannins content was 

expressed as mg of catechin equivalent (CE)/100 g of dry weight (DW). 

5.2.5. Free amino acid analysis 

The amino acid composition was determined according to Curtis et al. (2010). Briefly, 

0.5 g of sample was mixed with 10 mL of 0.01 M of HCL for 15 min at room temperature. 

After that, 1.5 mL of mixture was collected and centrifuged (Mini Spin, Eppendorf, 

Germany) at 7,200 rpm for 15 min. 100 µL of supernatant was derivatised using the 

EZ-Faast amino acid kit (Phenomenex, UK) for Gas Chromatography and mass 

spectrometry analysis. The derivatised samples were analysed in electron impact 

mode using an Agilent -5975GC-MS system (Agilent, Santa, Clara, CA) equipped with a 

zebron ZB-AAA column (100 x 0.25 x 0.25). The analytical conditions were as follows: 

the oven temperature was held initially at 110 °C for 1 min, then increased at a rate of 
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30 °C/min to 310 °C; the temperature of the transfer line and ion source were kept 

320 °C and 230 °C, respectively; the flow rate of the carrier gas was 1.5 mL/min and 

the split rate was 1:40. Amino acids were quantified from calibration curves (0 - 200 

µmol/L, R2 = 0.99) constructed using amino acid standard solutions provided with the 

EZ-Faast kit and the retention time of the standards were used to identify the 

respective amino acids peak. 

5.2.6. Functional properties 

5.2.6.1. Water absorption capacity and oil absorption capacity  

The water absorption capacity (WAC) and oil absorption capacity (OAC) were 

determined as described by Teixeira et al. (2018) with slight modifications. Briefly, 0.5 

g seed powder was added into a centrifuge tube (sample m1) and then 5 mL of distilled 

water were added for WAC and 3 mL of olive oil for OAC, respectively. The mixture was 

vortexed for 1 min and left standing for 30 min; it was then centrifuged (Centrifuge 

5804 R, Eppendorf) for 20 min at 3,000 rpm at room temperature. The upper layer was 

removed and was weighted (sample m2). The WAC or OAC were expressed as the 

amount of water or oil per gram of sample (g of water or oil/g of sample), respectively, 

following the Equation 5.3. 

Equation 5.3: 

	WAC	or	OAC	=  
#$%#&%'(#)*+	,+-./0

'(#)*+	,+-./0
 

Where, m2 = weight of sample with absorbed water/oil plus centrifuge tube; m1 = 

weight of the centrifuge tube  
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5.2.6.2. Foaming capacity and stability 

The foaming capacity (FC) and foaming stability (FS) were measured according to 

Embaby & Rayan (2016) with some modifications. 25 mL distilled water were added to 

0.5 g seed powder and the volume recorded using a graduated cylinder (V1). The 

mixture was homogenised for 5 min at 6,400 rpm using an Ultra Turrax T18 digital (IKA, 

Germany). After homogenisation the mixture was transferred into a 50 mL graduated 

cylinder and the volume measured (V2). The FC (%, v/v) was calculated by the 

following Equation 5.4.  

Equation 5.4: 

FC (%, v/v) = (V2 – V1)/V1 X 100%  

V1: volume of mixture before homogenisation; V2: volume of mixture plus the foam  

The foaming stability was calculated as the ratio of the foam volume change after 30 

min 

Equation 5.5: 

FS (%, v/v) = 
1-2(*	34*5#+	46	64(#
72-0-(*	34*5#+	46	64(#

 x 100% 

5.2.6.3. Emulsifying capacity 

The emulsifying capacity (EC) was determined according to Shi et al. (2019) with some 

modifications. 5 mL distilled water were added to 0.5 g seed powder in a 50 mL 

centrifuge tube and the mixture homogenised for 30 s at 13,200 rpm using an Ultra 

Turrax T18 digital (IKA, Germany). Then, 5 mL olive oil were added and homogenized 
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again for 120 s, and the volume of the formed emulsion measured (V1). The emulsion 

was centrifuged for 5 min at 1100 x g and the volume of the emulsion was measured 

(V2). The emulsifying capacity (%, v/v) was calculated by the following Equation 5.6: 

Equation 5.6: 

EC (%, v/v) = V2/V1 x 100% 

V1 = volume of formed emulsion before centrifugation; V2 = volume of emulsion after 

centrifugation 

5.2.7. Extraction of free, conjugated, bound phenolics fraction from defatted melon 

seeds  

5.2.7.1. Extraction of free phenolics  

The extraction of the free phenolics fraction was conducted as described by Shewry & 

Ward (2010), with slight modifications. Briefly, 0.025 g sample powder was treated 

three times with 1mL of 80% (v/v) aqueous methanol in an ultrasonic bath for 10 min. 

Each time, the mixture was centrifuged (Mini Spin, Eppendorf, Germany) for 15 min at 

5,000 rpm and then the supernatant collected and pooled together; the residue was 

also collected and stored at -20 oC for the analysis of bound phenolics. Subsequently, 

a speed vacuum concentrator (Life Technologies Ltd., Paisley, UK) was used to 

evaporate the sample until dryness. The dried sample was reconstituted in 100 μL of 

2% (v/v) aqueous acetic acid and stored at -20 oC until further analysis. 

5.2.7.2. Extraction of conjugated phenolics  
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The extraction of the conjugated phenolics fraction was conducted as described by 

Shewry & Ward (2010). Briefly, the dried sample from the free phenolics extraction 

process was treated with 400 μL of 2 M NaOH solution for 4 h at room temperature, 

for hydrolysis to occur. The hydrolysed solution was acidified to pH 2 with 12 M 

hydrochloric acid (80 μL). The solution was treated three times with 500 μL of ethyl 

acetate. Each time, the mixture was centrifuged (Mini Spin, Eppendorf, Germany) for 

5 min at 13,200 rpm, and then the supernatant collected and pooled together. After 

that, a speed vacuum concentrator (Life Technologies Ltd., Paisley, UK) was used to 

evaporate the sample until dryness. The dried samples were reconstituted in 100 μL 

of 2% (v/v) aqueous acetic acid and then stored at -20 oC for further analysis. 

5.2.7.3. Extraction of bound phenolics  

The residue after the extraction of free phenolics was added to 400 μL of 2 M NaOH 

solution and mixed; the mixture was left for 4 h at room temperature for hydrolysis to 

occur. The hydrolysed solution was centrifuged (Mini Spin, Eppendorf, Germany) for 

15 min at 5,000 rpm and the supernatant collected and acidified to pH 2 with 12 M 

HCL (80 μL). The solution was treated with 500 μL of ethyl acetate and then centrifuged 

(Mini Spin, Eppendorf, Germany) for 5 min at 13,200 rpm; the process was repeated 

three times. The upper layer was collected and evaporated to dryness using a speed 

vacuum concentrator (Life Technologies Ltd., Paisley, UK); the dried samples were 

reconstituted in 100 μL of 2% (v/v) aqueous acetic acid and then stored into -20 oC for 

further analysis (Shewry & Ward, 2010). 
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5.2.8. Determination of total phenolic content 

The total phenolic content (TPC) of each of the phenolics fractions generated from the 

defatted melon seeds was determined according to Dudonné et al. (2009), with slightly 

modifications. Briefly, 200 μL of each phenolic fraction were mixed with 1 mL of Folin-

Ciocalteu reagent (diluted 10-fold with distilled water) and then 800 μL of 7.5% sodium 

carbonate solution were added. The mixture was incubated for 1 h at room 

temperature in the dark; then the absorbance was measured at 765 nm using a UV-

Vis spectrometer (BioMate 3, Thermo, UK). Gallic acid standards (0 - 10 mg/L) were 

used to construct a standard curve (R2 = 0.99). The total phenolic acid content was 

expressed as g of gallic acid equivalent (GAE)/kg of dry weight (DW). 

5.2.9. Antioxidant activity 

5.2.9.1. DPPH radical scavenging assay 

The DPPH (2,2- diphenyl-1-picryhydrazyl) radical scavenging assay was conducted as 

described by Yasir et al. (2016), with slight modifications. Briefly, 100 μL of each 

phenolics fraction were mixed with 1.5 mL of 0.1 mM DPPH (Sigma) solution in 

methanol and the mixture was left for 30 min at room temperature in the dark. The 

absorbance was then measured at 517 nm using a UV-Vis spectrometer (BioMate 3, 

Thermo, UK). Trolox (6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid) 

standards (0 - 600 μmol) were used to construct a standard curve (R2 = 0.99) and the 

DPPH radical scavenging activity values were expressed as mmol of TE (Trolox 

equivalent) per kg of dry weight (DW) sample. 
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5.2.9.2. Ferric reducing antioxidant potential (FRAP) assay 

The ferric reducing antioxidant power (FRAP) assay was conducted as described by 

Dudonné et al. (2009), with slight modifications. The FRAP reagent was prepared by 

mixing 10 volumes of 300 mM acetate buffer (pH 3.6), with 1 volume of 10 mM TPTZ 

(2,4,6-tripyridyl-s-triazine) solution in 40 mM HCL, and 1 volume of 20 mM ferric 

chloride. Briefly, 100 μL of each phenolic fraction were mixed with 300 μL of deionized 

water and 3 mL of freshly made FRAP reagent. The mixture was incubated at 37°C for 

30 min in a water bath, and then the absorbance was measured at 593 nm using a UV-

Vis spectrometer (BioMate 3, Thermo, UK). Ascorbic acid standards (0 - 500 μmol) 

were used to construct a standard curve (R2 = 0.99). The result was expressed as mmol 

of AA (ascorbic acid)/kg of dry weight (DW) sample. 

5.2.10. Identification of phenolic compounds 

Each phenolics fraction derived from the defatted melon seeds was analysed by HPLC 

(1260 series, Agilent Technologies, Stockport, UK) with a DAD (Diode Array Detector) 

and a Zorbax C18 reversed-phase column (100 x 4.6 mm), according to Lima et al. 

(2021). The mobile phase included two solvents: (A) 1% (v/v) aqueous acetic acid, and 

(B) acetonitrile. A linear gradient elution system was used: from 0 to 19 min, 95% A, 

5% B; from 20 to 32 min, 85% A, 15% B; from 33 to 36 min, 50% A, 50% B; from 37 to 

39 min, 30% A, 70% B, from 40 to 41 min, 0% A, 100% B; from 41 to 45 min, 95% A, 5% 

B. The injection volume was 10 μL, the flow rate was 1.0 mL/min, and the detector 

was set at 280 and 320 nm. Several phenolics [gallic acid (0 - 0.5 mg/mL, R2= 0.99), 
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protocatechuic acid (0 - 0.5 mg/mL, R2 = 0.99), caffeic acid (0 - 0.5 mg/mL, R2 = 0.99), 

catechin (0 - 0.5 mg/mL, R2 = 0.99), syringic acid (0 - 0.5 mg/mL, R2 = 0.99), epicatechin 

(0 - 0.5 mg/mL, R2 = 0.99), sinapic acid (0 - 0.5 mg/mL R2 = 0.97), chlorogenic acid (0 - 

0.5 mg/mL, R2 = 0.99), cinnamic acid (0 - 0.5 mg/mL, R2 = 0.99), p-coumaric acid (0 - 

0.5 mg/mL, R2 = 0.99), ferulic acid (0 - 0.5 mg/mL, R2 = 0.99), gentisic acid (0 - 0.5 

mg/mL, R2 = 0.99)]. were identified and quantified by comparing to the retention times 

and areas of individual standards.  

5.2.11. Statistical analysis 

All the experiments were carried out in triplicate unless otherwise stated. Results are 

expressed as mean ± standard deviation. The data were analysed using the Minitab 

statistical software (version 20, State College, USA). One-way analysis of variance 

(ANOVA) and Turkey’s HSD test were used to determine differences among samples, 

where p < 0.05 was considered significantly different. 

 

5.3. Results and Discussion 

5.3.1. Proximal analysis 

The proximal analysis of the three defatted melon seed varieties, Galia, Cantaloupe, 

and Honeydew, as well as the defatted pumpkin seeds (control), are presented in 

Table 5.1. The moisture contents of three defatted melon seeds ranged from 4.8% to 

5.4% w/w, which were significantly lower than the moisture content of defatted 

pumpkin seed (5.8%, w/w) (p < 0.05). A flour moisture content lower than 14% can 
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prevent or minimise microbial growth and chemical deterioration during storage, 

potentially indicating a longer shelf life for the defatted melon seeds (Mokhtar et al., 

2018). The protein content of the three defatted melon seeds ranged from 51.1% to 

54.2% w/w, with only the Cantaloupe being slightly lower (51.1%, w/w) than the 

pumpkin seed protein content (52.3%, w/w). However, the protein content of 

defatted melon seeds was higher than other defatted oilseed powders such as 

sunflower (38%), sesame (35%), rapeseed (39%) and soybean (44%) (Grasso et al., 

2019; Jia et al., 2021; Sá et al., 2022; Villalobos et al., 2016). The ash content ranged 

from 8.1% to 9.7% w/w, with all three melon seeds varieties having a higher ash 

content than defatted pumpkin seed (7.3%, w/w), indicating the presence of higher 

amounts of minerals. These results suggest that defatted melon seed could be 

considered as a potential source of protein and minerals and could be used as an 

ingredient for protein or mineral fortified foods. To the best of our knowledge, there 

is limited information on the presence of carbohydrate composition of defatted melon 

seeds. Three monosaccharides were present after analysis following acid hydrolysis, 

namely, glucose, arabinose and xylose. The glucose content of the three defatted 

melon seeds varieties ranged from 12.1% to 14.6% w/w (indicating the presence of 

cellulose and mixed linkage β-glucans), whereas the xylose plus arabinose contents 

ranged from 8.1% to 9.5% w/w, indicating the presence of hemicellulose polymers 

such as arabinoxylans. The likely hemicellulose content (xylose + arabinose) of all 

three defatted melon seeds was higher than that of defatted pumpkin seed (6.9%, 

w/w). In terms of the likely cellulose content (glucose), only Honeydew (12.1%, w/w) 
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was lower than defatted pumpkin seeds (12.2%, w/w) but no significant different (p > 

0.05). In terms of the lignin content, the total lignin content (acid soluble + acid 

insoluble) in the three defatted melon seeds ranged from 8.4% to 9.2% w/w, and were 

all lower than defatted pumpkin seeds (10.1%, w/w). It has been reported that lignin 

is one of the most abundant natural polymers in plants, as lignin binds with cellulose 

and hemicellulose and provides rigidity to the plant cell wall (Agrawal et al., 2022).  

In terms of minerals, potassium was the most abundant mineral in all three defatted 

melon seeds (1181.0 - 2273.1 mg/100 g), followed by magnesium (706.4 - 1014. 

mg/100 g) and calcium (149.1 - 267.8 mg/100 g). These results agree with a previous 

report on the mineral composition of melon seeds, where potassium and magnesium 

were found to be the most abundant minerals (Mallek-Ayadi et al., 2018). Considering 

the potassium content, it is worth highlighting that the defatted Galia melon seed had 

a very high content (2273.1 mg/100 g) which was almost twice that of defatted 

pumpkin seeds (1326.5 mg/100 g). Increasing potassium intake in the diet has many 

benefits for human health such as reducing the risk of cardiovascular disease and 

potentially preventing the development of vascular, glomerular, and tubular damage 

(He & MacGregor, 2008; Weaver, 2013). Moreover, the potassium content of defatted 

melon seeds was higher than some common potassium-rich food sources such as 

potato (610 mg/100 g), banana (358 mg/100 g), cod (516 mg/100 g), and dark 

chocolate (830 mg/100 g) (Lanham-New et al., 2012; Weaver, 2013). Therefore, it can 

be suggested that defatted melon seeds could be a potentially good dietary source of 

potassium. Overall, the compositional analysis showed that the valorisation of 
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defatted melon seeds can generate fractions of different compositions, functionalities 

and biological activities, which can find applications in the food and non-food sectors. 
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Table 5.1. Chemical composition of defatted Galia, Cantaloupe, Honeydew melon seeds and pumpkin seeds. 
Composition  
(%, w/w of DW) 

Galia  
 

Cantaloupe 
 

Honeydew  
 

Pumpkin  

Moisture 4.8 ± 0.1 c 5.4 ± 0.2 b 4.9 ± 0.1 c 5.8 ± 0.1 a 

Protein  53.4 ± 0.5 b 51.1 ± 0.3 d 54.2 ± 0.0 a 52.3 ± 0.1 c 

Ash 9.7 ± 0.1 a 8.3 ± 0.1 b 8.1 ± 0.2 b 7.3 ± 0.1 c 

Total carbohydrate            22.3    24.1 20.2    19.1 
Glucose 13.2 ± 0.2 b 14.6 ± 0.3 a 12.1 ± 0.1 c 12.2 ± 0.1 c 

Xylose 8.1 ± 0.1 a 8.3 ± 0.2 a 7.1 ± 0.1 b 5.5 ± 0.1 c 

Arabinose 1.0 ± 0.0 c 1.2 ± 0.0 b 1.0 ± 0.0 c 1.4 ± 0.0 a 

Lignin 8.4 9.1 9.2 10.1 
Acid insoluble lignin 2.9 ± 0.3 b 4.2 ± 0.2 a 3.6 ± 0.40 ab 3.3 ± 0.3 b 
Acid soluble lignin 5.5 ± 0.1 b 4.9 ± 0.3 c 5.6 ± 0.1 b 6.8 ± 0.1 a 
Minerals (mg/100 g of DW) 
Potassium 2273.1 ± 65.2 a 1415.7 ± 165.3 b 1181.0 ± 97.4 b 1326.5 ± 38.0 b 
Magnesium 948.2 ± 12.0 b 706.4 ± 15.3 c 1014.1 ± 16.0 a 733.6 ± 4.3 c 
Calcium 214.4 ± 21.0 ab 267.8 ± 27.4 a 149.1 ± 16.7 c 206.1 ± 23.6 bc 
Anti-nutritional compounds 
Phytic acid (%, g/100 g 
of DW) 

5.8 ± 0.1 a 5.0 ± 0.1 b 5.1 ± 0.1 b 4.0 ± 0.0 c 

Tannins (mg CE/100 g 
of DW) 

15.5 ± 0.0 d 18.0 ± 0.0 c 30.7 ± 0.4 b 32.9 ± 0.1 a 

Data represent means ± standard deviation (n = 3). Values with the different lowercase letters in the same line are significantly different (p < 
0.05). 
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5.3.2. Anti-nutritional compounds 

The results from the analysis of anti-nutritional compounds, namely phytic acid and 

tannins, of the defatted melon seeds and defatted pumpkin seeds (control) are 

presented in Table 5.1. From a nutritional point of view, phytic acid is one of the most 

important anti-nutritional compounds, as it is a strong cation chelator, and can 

therefore reduce their bioavailability, for example for calcium, iron, and zinc (Cominelli 

et al., 2020). The phytic acid content of defatted melon seeds ranged from 5.0% to 5.8 % 

w/w, whereas in defatted pumpkin seed it was lower (4.0%, w/w). The phytic acid 

content of the defatted melon seeds was higher than some common cereals and 

legumes, such as wheat germ (3.91% w/w), oat (1.16%, w/w), and kidney bean (2.38%, 

w/w), but lower than some common nuts such as, walnuts (6.69%, w/w), and almond 

(9.42%, w/w) (Gupta et al., 2015). Overall, it could be considered that the contents are 

relatively high, but could be effectively reduced through processing such as thermal 

treatment, fermentation, and soaking (Raes et al., 2014; Rehman & Shah, 2005).  

Tannins are polyphenolic compounds, which are usually considered as important anti-

nutritional compounds because they can bind to proteins to form insoluble complexes 

and thus decrease protein digestibility (Bessada et al., 2019; Nikmaram et al., 2017). 

From Table 5.1, it can be seen that the tannins content of defatted melon seeds ranged 

from 15.5 to 30.7 (mg CE/100 g) - all lower than that of defatted pumpkin seeds (32.9 

mg CE/100 g) - with Honeydew demonstrating the highest level. These values are 

significantly lower than some legumes, such as lentils (915 mg/100 g), chickpeas (770 

mg/100 g), and red kidney beans (1100 mg/100 g) (Rehman & Shah, 2005), indicating 
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that the defatted melon seeds contain relatively low amount of tannins. 

 

5.3.3. Free amino acids  

The free amino acids of the three defatted melon seed varieties and the defatted 

pumpkin seeds (control) are presented in Table 5.2. In this study, 18 type of free amino 

acids were detected in the three defatted melon seeds and defatted pumpkin seeds. 

In terms of the total amino acid content, among the three defatted melon seeds (13.3 

- 24.2 mmol/kg), the Cantaloupe seeds had the highest amount (24.2 mmol/kg) 

whereas the Galia melon seeds had the lowest amount (13.3 mmol/kg). Compared to 

the total amino acid content of defatted pumpkin seeds (46.4 mmol/kg), all three 

varieties of defatted melon seeds were lower than defatted pumpkin seeds. In terms 

of the essential amino acids, all three defatted melon seeds contain all 9 essential 

amino acids, with valine (0.4 - 1.0 mmol/kg), isoleucine (0.3 - 0.7 mmol/kg) and 

threonine (0.3 - 0.7 mmol/kg) the most abundant, whereas tryptophan (0.1 - 0.2 

mmol/kg) and methionine (0.1 - 0.2 mmol/kg) the least prominent. Glutamic acid (4.7 

- 8.8 mmol/kg), alanine (2.6 - 4.7 mmol/kg), glycine (1.1 - 3.0 mmol/kg), and serine 

(0.7 - 1.9 mmol/kg) were the most abundant amino acids in defatted melon seeds 

sample. These amino acids can contribute towards flavour (Wyllie et al., 1995). Glycine, 

serine, and alanine can contribute sweet taste, whereas glutamic acid can provide 

umami taste to the defatted melon seeds (Chen & Zhang, 2007).  

GABA (γ-aminobutyric acid) is a non-protein amino acid neurotransmitter which has 

received increased attention due to its physiological functions such as maintaining 
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mental health, reducing stress and blood pressure, and enhancing brain protein 

synthesis (Diana et al., 2014; Nikmaram, Dar, et al., 2017; Poojary et al., 2017). 

According to data in Table 5.2, the GABA content of defatted melon seeds ranged from 

1.4 mmol/kg to 4.3 mmol/kg, with Cantaloupe having the highest amount and Galia 

the lowest. Compared with the GABA content of defatted pumpkin seeds (3.1 

mmol/kg), the Cantaloupe seeds had a higher content. Oh et al. (2003) reported the 

GABA contents in commercial cereals including corn (0.20 mmol/kg), barley (0.19 

mmol/kg), and brown rice (0.12 mmol/kg). The GABA contents of all defatted melon 

seeds were higher than Oh et al. (2003) report, indicating that the defatted melon 

seeds could be used as a good source of GABA in everyday diet. 
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Table 5.2. Amino acid profile (mmol/kg of DW) of defatted Galia, Cantaloupe, 
Honeydew, and pumpkin seeds. 
Amino acids Galia Cantaloupe Honeydew Pumpkin 

Essential 

Methionine 0.2 ± 0.0 b 0.1 ± 0.0 b 0.1 ± 0.0 b 0.3 ± 0.1 a 

Phenylalanine 0.4 ± 0.0 b 0.5 ± 0.0 b 0.5 ± 0.1 b 1.8 ± 0.4 a 

Valine 0.4 ± 0.0 c 1.0 ± 0.1 b 0.9 ± 0.0 bc 2.6 ± 0.4 a 

Leucine 0.2 ± 0.0 b 0.5 ± 0.0 b 0.5 ± 0.1 b 2.5 ± 0.4 a  

Isoleucine 0.3 ± 0.0 b 0.7 ± 0.0 b 0.7 ± 0.1 b 3.2 ± 0.5 a 

Threonine 0.3 ± 0.0 c 0.6 ± 0.1 bc 0.7 ± 0.1 b 1.4 ± 0.2 a 

Lysine 0.2 ± 0.0 b 0.3 ± 0.1 b 0.3 ± 0.0 b 1.3 ± 0.3 a 

Histidine 0.3 ± 0.0 b 0.5 ± 0.0 b 0.4 ± 0.0 b 2.0 ± 0.1 a 

Tryptophan 0.1 ± 0.0 b 0.2 ± 0.0 b 0.1 ± 0.0 b 1.1 ± 0.1 a 

Non-essential     

Aspartic acid 0.4 ± 0.0 b 0.4 ± 0.1 b 0.7 ± 0.1 b 3.8 ± 0.4 a 

Alanine 2.6 ± 0.0 c 4.7 ± 0.5 b 3.2 ± 0.1 bc 7.6 ± 1.1 a 

Glutamic acid 4.7 ± 0.1 b 8.8 ± 1.3 a 8.7 ± 0.5 a 7.5 ± 0.7 a 

Glutamine 0.4 ± 0.0 b 0.2 ± 0.0 b 0.3 ± 0.1 b 1.4 ± 0.5 a 

Glycine 1.1 ± 0.1 c 2.1 ± 0.2 b 3.0 ± 0.1 a 2.6 ± 0.5 ab 

Serine 0.7 ± 0.1 c 1.9 ± 0.4 b 1.2 ± 0.2 bc 2.8 ± 0.5 a 

Proline 0.1 ± 0.0 c 0.4 ± 0.0 b 0.6 ± 0.0 b 0.9 ± 0.1 a 

Asparagine 0.6 ± 0.1 b 0.8 ± 0.2 b 1.0 ± 0.1 b 2.0 ± 0.3 a 

Tyrosine 0.3 ± 0.0 b 0.5 ± 0.1 b 0.4 ± 0.0 b 1.6 ± 0.2 a 

Total 13.3 24.2 23.3 46.4 

γ-aminobutyric 
acid  

1.4 ± 0.1 c 4.3 ± 0.9 a 3.0 ± 0.2 b 3.1 ± 0.4 b 

Data represent means ± standard deviation (n = 3). Values with the different lowercase 
letters in the same row are significantly different (p < 0.05). 
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5.3.4. Functional properties 

The results from the analysis of the functional properties of defatted melon seeds are 

presented in Table 5.3. 

5.3.4.1. Water absorption capacity (WAC) 

Water absorption capacity is an important property for assessing novel ingredients, 

particularly fibrous materials, in terms of their functionalities within food matrices. 

The water absorption capacity (WAC) of the three varieties of defatted melon seed 

powders varied from 1.6 to 1.9 g/g, with Galia having the lowest and Cantaloupe the 

highest. The WAC of all three varieties were lower than defatted pumpkin seed powder 

(2.5 g/g), but higher than some legume flours, such as chickpea flour (1.2 g/g) and 

lentil flour (1.3 g/g) (Du et al., 2014). The relatively high WAC could be due to the 

protein (51.1% - 54.2%, w/w) and carbohydrate (20.2% - 24.1%, w/w) contents 

(particularly polysaccharides), which being hydrophilic have high affinity for water 

molecules (Mokhtar et al., 2018; Ofori et al., 2020). Joshi et al. (2015) and Rodríguez-

Miranda et al. (2012) reported that defatting could improve the water absorption 

capacity, especially for powders from seeds with high lipid content; it was suggested 

that some hydrophilic groups within proteins or carbohydrates could be blocked in a 

lipophilic environment, thus, defatting can expose more hydrophilic groups and bind 

with water. Considering potential food applications of melon seed powders (or its 

fractions), the levels of water absorption capacity could influence the product texture, 

mouth feel and viscosity, which play an important role in bakery and meat products 

(Ghanghas et al., 2020). 
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5.3.4.2. Oil absorption capacity (OAC) 

The oil absorption capacity (OAC) of the three varieties of defatted melon seed 

powders ranged from 1.9 to 2.1 g/g; the OAC of the three melon seeds were similar to 

that defatted pumpkin seed powder (2.0 g/g), but higher than some legume or cereal 

flours, such as rice flour (0.8 g/g) and chickpea flour (0.9 g/g) (Joshi et al., 2015). The 

higher OAC is most likely associated with the number of nonpolar sites in protein 

(Rodríguez-Miranda et al., 2012); in addition, the secondary structure of protein could 

also affect the OAC (Nwokocha et al., 2023). The OAC can be an important parameter 

because it can influence flavour and texture (Sridaran et al., 2012). Therefore, it is likely 

that the defatted melon seed powder could perform well if used in meat product 

formulations (e.g. sausage) and bakery products (e.g. cookies). 

5.3.4.3. Foaming capacity (FC) and Foaming stability (FS) 

The foaming capacity (FC) of the three varieties of defatted melon seed powders 

ranged from 4.1% to 11.5%. Compared with the FC of the defatted pumpkin seed 

powder (9.0%), the FC of the defatted Cantaloupe seed powder and defatted 

Honeydew melon seed powder were lower than that of the defatted pumpkin seed 

powder, but the FC of the defatted Galia seed powder was higher than that of the 

pumpkin seed powder. The foaming stability (FS) is an important parameter to assess 

the potential of foaming agent (Cheng & Bhat, 2016). In terms of FS, all defatted melon 

seed powders had a high FS (76.3% - 80.8%); only Galia (76.3%) was lower than 

defatted pumpkin seeds (78.3%). The above results suggest that all defatted melon 
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seed powders have a good ability to maintain a strong air-water film for a long time, 

which is most likely associated with their very high protein content. The FS usually 

depends on the interfacial film formed by proteins; protein can absorb to air-water 

interfaces and form strong and cohesive viscoelastic films, which can maintain air 

bubble suspension and slow down the rate of coalescence (Rodríguez-Miranda et al., 

2012). The high FS of defatted melon seeds are expected to contribute key 

functionalities when the seeds are incorporated in bakery and confectionery products. 

5.3.4.4. Emulsifying capacity (EC) 

The emulsifying capacity (EC) of food ingredients is an important property for food 

applications such as ice cream and bakery (Sridaran et al., 2012). The EC of three 

varieties of defatted melon seed powder ranged from 47.5% to 50.7%; only the EC of 

defatted honeydew seed powder (47.5%) was lower than the EC of defatted pumpkin 

seed powder (49.3%). In the case of the defatted melon seeds, the relatively high EC 

can probably be attributed to their protein and polysaccharide content; proteins and 

polysaccharides can promote the formation of stable oil/water interfaces due to the 

presence of both non-polar and polar groups (Fasasi et al., 2007; Ghanghas et al., 

2020). Recent studies have suggested that some emulsifiers (e.g. carrageenan, 

polysorbate 80, carboxymethylcellulose) may have adverse effects on human health, 

such as gastrointestinal diseases and metabolic syndrome conditions (Chassaing et al., 

2017; Cox et al., 2021). To this end, food without the use of artificial additives has 

attracted considerable attention by consumers over recent years. As a result, there is 

a considerable drive by the food industry for ‘clean label’ natural ingredients that can 
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be used to replace many synthetic ingredients (Li et al., 2023). Overall, these results 

indicate that that melon seed powders are natural good emulsifying agents and could 

be potentially used in bakery products.  
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Table 5.3. Functional properties of defatted Galia, Cantaloupe and Honeydew melon seeds, and pumpkin seeds. 
Sample WAC (g/g) OAC (g/g) FC (%) FS (%) EC (%) 

Galia 1.6 ± 0.0 c 2.1 ± 0.1 a 11.5 ± 0.6 a 76.3 ± 4.4 a 49.7 ± 0.6 ab 

Cantaloupe 1.9 ± 0.1 b 1.9 ± 0.0 a 4.1 ± 0.4 c 80.7 ± 4.4 a 50.7 ± 1.3 a 

Honeydew 1.8 ± 0.1 bc 2.0 ± 0.1 a 7.8 ± 0.2 b 80.8 ± 1.4 a 47.5 ± 1.3 b 

Pumpkin 2.5 ± 0.1 a 2.0 ± 0.1 a 9.0 ± 2.3 ab 78.3 ± 1.9 a 49.3 ± 1.3 ab 

Data represent means ± standard deviation (n = 3). Values with the different lowercase letters in the same column are significantly different (p < 
0.05). WAC - Water absorption capacity; OAC - Oil absorption capacity; FC - Foaming capacity; FS - Foaming stability; EC - Emulsifying capacity. 
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5.3.5. Total phenolic content and antioxidant capacity  

5.3.5.1. Total phenol content (TPC) 

The total phenolic acid content (TPC) of the three phenolic fractions, namely the free 

phenolics fraction (FP), conjugated phenolics fraction (CP) and bound phenolics 

fraction (BP) of the three varieties of defatted melon seeds and of the defatted 

pumpkin seeds (control) are shown in Table 5.4. Free phenolics are soluble in polar 

organic solvents (e.g. methanol) and can be extracted by a simple step; conjugated 

and bound phenolics to the cell wall structural components, such as cellulose, protein, 

and lignin, require more complex extraction steps (e.g. acid or alkaline hydrolysis) in 

order to be released (Gao et al., 2017; Robbins, 2003). To the best of our knowledge, 

this is the first report on the phenolic profile of defatted melon seeds. The total TPC 

(free + conjugated + bound) of defatted melon seeds ranged from 1.2 to 1.3 g GAE/kg, 

with Cantaloupe having the highest amount. Additionally, compared with the total 

TPC of defatted pumpkin seed (2.2 g GAE/kg), all three defatted melon seeds had 

lower TPC than defatted pumpkin seed. For all defatted seeds in this study, the order 

was as follows: FP > CP > BP.  

 

5.3.5.2. Antioxidant capacity 

Data in Table 5.4 show the results of antioxidant activity by DPPH and FRAP assays for 

the three fractions of phenolic acids of the three varieties of defatted melon seed as 

well as of the defatted pumpkin seed (control). The DPPH and FRAP results for all four 

defatted seed also followed the order FP > CP > BP, in line with the TPC results. Previous 
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reports indicated that antioxidant capacity correlated well with the total phenolics 

content for rice brans and pitahaya peel (Pang et al., 2018; Tang et al., 2021). Similar 

good correlation, i.e of DPPH and FRAP with TPC, was observed in the present study 

(Table 5.4) (R2 = 0.92, R2 = 0.96, respectively). It is important to note that for the free 

phenolics fraction of the three defatted melon seeds, Honeydew exhibited the highest 

antioxidant capacity using the DPPH assay but lowest antioxidant capacity using the 

FRAP assay. A similar result was observed by de Oliveira Schmidt et al. (2020) for the 

antioxidant capacity of feijoa and cherry fruit, indicating that the differences in the 

results from the DPPH and the FRAP assay could be associated with different phenolics 

profiles. The antioxidant action of phenolic compounds depends on their chemical 

structures and the number of functional groups, and the reaction mechanisms of each 

antioxidant assay is different, hence phenolic compounds can be seen to behave 

differently in various antioxidant assays (de Oliveira Schmidt et al., 2020; Pang et al., 

2018; Zhong et al., 2022). 
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Table 5.4. The total phenolic content (TPC) and antioxidant capacity (DPPH and FRAP) 
of defatted Galia, Cantaloupe and Honeydew melon seeds, and pumpkin seeds. 
Sample FP  CP  BP Total 

Total phenolic acid content (TPC) (g GAE/kg of DW) 

Galia 0.9 ± 0.0 b 0.2 ± 0.0 b 0.1 ± 0.0 b 1.2 

Cantaloupe 1.0 ± 0.0 b 0.2 ± 0.0 b 0.1 ± 0.0 b 1.3 

Honeydew 1.0 ± 0.1 b 0.2 ± 0.0 b 0.1 ± 0.0 b 1.3 

Pumpkin 1.7 ± 0.1 a 0.4 ± 0.1 a 0.2 ± 0.0 a 2.3 

(2,2-Diphenyl-1-picrylhydrazyl) (DPPH) radical scavenging ability (mmol TE/kg of 
DW) 

Galia 2.5 ± 0.1 b 1.8 ± 0.1 b 1.5 ± 0.0 c 5.9 

Cantaloupe 2.7 ± 0.0 b 2.1 ± 0.1 a 1.7 ± 0.0 b 6.4 

Honeydew 2.8 ± 0.1 b 2.1 ± 0.1 a 1.6 ± 0.0 c 6.6 

Pumpkin 4.4 ± 0.2 a 2.2 ± 0.1 a 1.9 ± 0.0 a 8.5 

Ferric reducing antioxidant capacity (FRAP) (mmol AA/kg of DW) 

Galia 5.8 ± 0.5 c 1.7 ± 0.1 b 0.5 ± 0.1 c 8.0 

Cantaloupe 7.8 ± 0.7 b 1.4 ± 0.2 b 1.2 ± 0.0 b 10.4 

Honeydew 5.5 ± 0.2 c 1.7 ± 0.2 b 1.0 ± 0.2 b 8.2 

Pumpkin 12.2 ± 1.2 a 2.3 ± 0.1 a 2.2 ± 0.2 a 16.7 

 Correlation (R2) DPPH FRAP 

TPC 0.92 0.96 

Data represent means ± standard deviation (n = 3). Values with the different lowercase 
letters in the same column are significantly different (p < 0.05). FP - free phenolics 
fraction; CP - conjugated phenolics fraction; BP - bound phenolics fraction. 
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5.3.6. The profile of phenolic acids  

Data in Table 5.5 show the phenolic acid profile (free, conjugated, and bound) present 

in the defatted melon seeds and pumpkin seeds. Twelve phenolic compounds (gallic 

acid, protocatechuic acid, caffeic acid, catechin, syringic acid, epicatechin, sinapic acid, 

chlorogenic acid, cinnamic acid, p-coumaric acid, ferulic acid, gentisic acid) were 

quantified in this study. Gallic acid (5.7 - 8.4 mg/100 g), protocatechuic acid (4.0 - 4.9 

mg/100 g) and caffeic acid (1.9 - 3.9 mg/100 g) were found in the free phenolics 

fraction for all three defatted melon seeds. This result agrees with Mallek-Ayadi et al. 

(2019), Zeb (2016), and Kolayli et al. (2010) who demonstrated that gallic acid, 

protocatechuic acid and caffeic acid are the most common phenolic compounds in the 

free phenolics fraction of melon seeds. Catechin was only found in defatted Honeydew 

melon seeds (7.4 mg/100 g), which was higher than the observations by Zeb (2016) 

for Honeydew melon seeds (5.4 mg/100 g). Additionally, defatted Cantaloupe and 

Honeydew seeds contained high amount of epicatechin (20.6 mg/100 g and 20.5 

mg/100 g, respectively), and these were slightly lower than in defatted pumpkin seeds 

(22.8 mg/100 g). Chlorogenic acid was found in defatted Cantaloupe and Honeydew 

seeds, but syringic acid and p-coumaric acid were only found in defatted Cantaloupe 

seeds. This could be attributed to differennces in variety, region, soil conditions, 

growing condition, harvest times, and degree of maturity at harvest (Wang et al., 2012; 

Zadernowski et al., 2009; Zhao et al., 2021). Moreover, high amount of gentisic acid 

was also found, but only in the defatted Cantaloupe seeds (18.5 mg/100 g); this was 

not significantly different (p > 0.05) to the amount found in defatted pumpkin seeds 

(19.0 mg/100 g).  
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In terms of the profiles of conjugated and bound phenolics in melon seeds, to our 

knowledge, this is first report detecting this. Regarding the conjugated phenolics, a 

small amount of caffeic acid was found in defatted Cantaloupe (1.3 mg/100 g) and 

Honeydew (3.4 mg/100 g) seeds. Moreover, protocatechuic acid, catechin, epicatechin 

and chlorogenic acid were only found in defatted Honeydew melon seeds. The 

defatted Galia seeds did not contain any conjugated phenolic compounds, highlighting 

the potential differences between varieties. Regarding the bound phenolics, none of 

the 12 phenolic compounds were detected in the defatted melon seeds. This result 

could suggest that the bound phenolics in defatted melon could include other phenolic 

compounds although further research is need to elucidate this. Overall, these results 

show that the main form of phenolics in defatted melon seeds are free phenolics, 

hence the seeds could be used as good food source of such bioactive compounds. 
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Table 5.5. Free, conjugated, bound phenolics content (mg/100 g of DW) in defatted 
Galia, Cantaloupe, Honeydew melon seeds, and pumpkin seeds. 
Compound Galia Cantaloupe Honeydew Pumpkin 

                                                                     
Free 

Gallic acid 5.7 ± 0.1 b 5.8 ± 0.0 b 8.4 ± 0.8 a 5.4 ± 0.0 b 

Protocatechuic acid 4.0 ± 0.2 b 4.2 ± 0.2 ab 4.9 ± 0.8 ab 5.2 ± 0.0 a 

Caffeic acid 2.4 ± 0.2 a 2.7 ± 0.5 a 1.9 ± 0.1 a 2.1 ± 0.7 a 

Catechin ND ND 7.4 ± 0.8 a 9.7 ± 3.8 a 

Syringic acid ND 1.5 ± 0.1 a ND 1.0 ± 0.5 a 

Epicatechin ND 20.6 ± 1.5 a 20.5 ± 2.4 a 22.8 ± 0.9 a 

Sinapic acid ND ND ND ND 

Chlorogenic acid ND 5.3 ± 0.6 a 3.7 ± 0.5 b ND 

Cinnamic acid ND ND ND 1.0 ± 0.0 

P-coumaric acid ND 1.2 ± 0.1 ND ND 

Ferulic acid ND ND ND ND 

Gentisic acid ND 18.5 ± 1.0 a ND 19.0 ± 0.3 a 

                                                                  
Conjugated 

Protocatechuic acid ND ND 1.6 ± 0.4 a 1.9 ± 0.1 a 

Caffeic acid ND 1.3 ± 0.0 b 3.4 ± 1.5 a ND 

Catechin ND ND 5.3 ± 2.0 a 5.9 ± 0.7 a 

Epicatechin ND ND 9.4 ± 1.9 ND 

Chlorogenic acid ND ND 2.2 ±0.5 ND 

                                                                     
Bound 

Protocatechuic acid ND ND ND 2.6 ± 0.1 

Caffeic acid ND ND ND 1.2 ± 0.1 

Total Phenolics 12.1 61.1 68.7 77.8 

Data represent means ± standard deviation (n = 3). Values with the different lowercase 
letters in the same column are significantly different (p < 0.05). ND: not detected.
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5.4. Conclusions 

Defatted melon seeds are a good source of protein, dietary fibre, minerals and GABA, and 

could be used for the fortification of foods. Moreover, free phenolic acids are the major 

phenolic acid component in defatted melon seeds, and are present at considerable amounts. 

Additionally, defatted melon seed powder has good water and oil absorption capacity as well 

as good emulsifying capacity, which could enhance its potential application and added value 

in food formulations. Although defatted melon seeds contain a relatively high level of phytic 

acid, which could limit nutrient absorption, this limiting factor could be potential improved 

through processing. Overall, this study contributed new knowledge on the composition and 

physicochemical properties of defatted melon seeds and supports the concept of their 

valorisation. 
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Chapter 6. Effect of defatted melon seed residue on dough development and 

bread quality 

 

Abstract 

The aim of this study was to investigate the effect of replacing wheat flour with defatted melon 

seed (Cucumis melo L.) residue (DMSR) on the dough properties and bread nutritional quality 

and physical characteristics. Adding DMSR did not affect the water absorption of dough, but 

it made the dough weaker and less extensible. Considering the physical characteristics of 

breads, DMSR decreased the bread specific volume and the cell number in the crumb, 

whereas the average cell size increased resulting in a heterogeneous and compact cell crumb 

structure. Compared with the control bread, DMSR breads exhibited a darker crust, a 

yellowish crumb, and a firmer texture. DMSR improved the nutritional quality of bread; the 

protein, lipid, fibre, and ash contents increased, whereas the starch content decreased. At 10% 

wheat flour replacement with DMSR, the fibre content increased more than five-fold 

compared to control bread. Overall, although DMSR had a negative impact on dough rheology 

and on certain physical characteristics of bread, overall, it exhibited considerable potential to 

fortify bread and improving it nutritional quality. 
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6.1. Introduction 

Bread is a popular staple food in many countries, with refined wheat flour commonly used in 

most white bread formulations. However, especially in terms of fibre content, this makes 

white bread a high glycaemic index (GI) food, which is associated with health issues including 

diabetes and obesity (Lal et al., 2021; Zhu, 2019). Nowadays, with increasing health 

consciousness, consumers generally tend to purchase high nutritional value foods (Dhen et al., 

2018; Hsieh et al., 2017). This trend is also reflected in the bakery market, where products 

containing ingredients that have beneficial effects on health are attracting consumers’ 

attention (Sajdakowska et al., 2021). In the UK, nearly 11 million loaves are sold each day and 

they are significant contributors to UK nutrients intake, which provides 11% -12% of energy, 

10% - 12% of protein, and 17% - 21% of fibre (Lockyer & Spiro, 2020; Steer et al., 2008). 

Consequently, bread is an important vehicle for nutrients and a key part of a healthy and 

balanced diet. 

Melon (Cucumis melo L.) production was over 28 million tonnes in 2020 in the world (FAOSTAT, 

2021). Melon seed is a by-product from melon supply chain, and can represent up to 10% of 

the total melon weight. Previous studies showed that melon seeds are good source of protein 

(22% - 39% w/w), lipid (30% - 45% w/w), fibre (19% - 34% w/w), and minerals (rich in 

potassium) (Mallek-Ayadi et al., 2018; Mian-Hao & Yansong, 2007; Wang et al., 2019). 

Research on melon seed valorisation has primarily focused on oil extraction, due to its high 

linoleic acid content (Mallek-Ayadi et al., 2018; Wang et al., 2019). After oil extraction, 

defatted melon seed residue (DMSR) is produced as a by-product, consisting of a high amounts 

of protein and fibre. Consequently, considering its high fibre and protein content, DMSR could 

be used as an ingredient for developing fortified foods. Previous studies have shown that 
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vegetable or fruit by-products have great potential for being re-utilised as functional 

ingredients to increase the nutritional value of bakery products (Ahmad et al., 2018; 

Chareonthaikij et al., 2016; Sardabi et al., 2021; Zarzycki et al., 2022). In addition, from a 

sustainable development perspective, re-introducing food by-products into the food chain as 

ingredients can improve the resource utilisation efficiency and reduce waste, which are key 

for transitioning to more sustainable consumption and production patterns (Difonzo et al., 

2022). da Cunha et al (2020) demonstrated the possibility of using melon seed flour in cake 

production and indicated that 10% wheat flour replacement with melon seed flour was the 

most acceptable level for consumers in terms of sensory perception. However, to date, there 

is insufficient information in the literature about the utilisation of DMSR and its application 

for bread production. Therefore, the aim of this study was to investigate the effect of DMSR 

on dough properties and bread quality, to evaluate the possibility of utilising DMSR into bread 

production. These data could provide useful information to achieve a complete valorisation 

of melon seeds, reduce food waste, and develop nutritionally fortified bread. Besides that, 

DMSR was collected after cold-pressed oil processing rather than Soxhlet, in order to 

assurance edibility.  

 

6.2. Materials and Methods  

6.2.1. Materials  

Honeydew melons (due to higher yield of seeds than Galia and Cantaloupe variety) were 

selected in this study and were purchased from Sainsbury (produced in Brazil, Reading, UK). 

The seeds were collected manually from the fresh melons. All collected seeds were washed 

with tap water to remove any flesh attached on the seeds’ surface and then dried at 50 oC in 
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a tray dryer (APEX Construction LTD, England) for 24 h. Dried melon seeds were pressed using 

a cold-pressed oil machine (KK 20F SPEZ, oil press GmbH & Co, KG, Germany) to extract the 

oil. The defatted melon residue (DMSR) was collected and grounded with a food grinder 

(Caterlite, CK686, Bristol, UK) for 30 s, sieved through 1000 μm mesh sieves, and then stored 

at -20 oC until further use. The composition of DMSR was evaluated through preliminary work 

following by AOAC methods (AOAC, 2005): moisture 9.60 g/100 g, protein 34.13 g/100 g, fat 

16.44 g/100 g, fibre 35.13 g/100 g, and ash 4.41 g/100 g. Other ingredients used for bread 

production were strong wheat flour (Marks & Spencer, Reading, UK; moisture 13.8 g/100 g, 

protein 13.5 g/100 g, fibre 1.6 g/100 g, fat 0.6 g/100 g, salt 0.03 g/100 g), instant dried yeast 

(Borwick’s, UK), salt (Sainsbury's table salt, Sainsburys, Reading, UK) and baking fat (Marks & 

Spencer, Reading, UK; 75 g/100g vegetable fat; fat 75 g/100 g of which 28 g are saturated, salt 

1.38 g/100 g). 

6.2.2. Dough development characteristics 

6.2.2.1. Farinographic analysis 

Wheat flour was used to produce the control dough whereas two more doughs were 

formulated by replacing wheat flour with DMSR at different percentages: 5% and 10% (DMSR5 

and DMSR10, respectively). A farinograph (Brabender Farinograph® FA/R-2 810105, Duisburg, 

Germany) with a 300 g bowl was used to determine the effect of DMSR flour on the dough 

development. The AACC 54-21.01 constant dough weight procedure was followed (AACC 

International, 2010). Briefly, the farinograph thermostat was maintained at 30 oC. The flour 

sample (14% moisture basis) without water addition was mixed in a 300 g bowl for 1 min. 

After that, the water was added to the flour sample and mixed at 63 rpm for 20 min. Results 

including flour water absorption to yield dough consistency of 500 Brabender Units (BU) 



 153 

(WA; %), dough development time (time needed for the curve to reach maximum dough 

consistency which is usually the highest point on the curve when the curve is centered on the 

500 B.U. line, DDT; min), dough stability time (time that dough consistency remains at 500 

BU,DST; min), and mixing tolerance index (consistency difference between height at peak and 

that after 5 min, MTI; FU) were calculated. Each dough was assessed in triplicate. 

6.2.2.2. Dough uniaxial extensibility  

The extensibility of bread dough was determined using a Kieffer extensibility rig assembled on 

a Texture Analyser (TA-XT2, Stable Micro Systems, Surrey, UK) with a 5 kg load cell. The dough 

samples were each prepared using a 300 g mixing bowl of farinograph (Brabender 

Farinograph® FA/R-2 810105, Duisburg, Germany). 300 g of wheat flour (control) or composite 

flour (DMSR5: 95% wheat flour and 5% DMSR; DMSR10: 90% wheat flour and 10% DMSR) 

were added to the mixing bowl. Water addition varied depending on the water absorption 

results for each dough sample (Table 6.1) from the farinographic analysis (Section 6.2.2.1): 

control (187.7 g), DMSR5 (190.0 g), and DMSR10 (188.3 g). From the dough formed in the 

farinograph, 20 g were moulded into a cylinder and placed in a press lubricated with parafin 

oil, and then was compressed for 40 min. The press was sealed to reduce the moisture 

emission of the sample. Two dough strips were used for each dough replicate. The test 

conditions were as followed: pre-test speed at 2.0 mm/s, test speed at 3.3 mm/s, post-test 

speed of 10.0 mm/s, distance at 75 mm, and trigger force of 0.05 N. The resistance to 

extension (R/E; N) and extensibility (E; mm) were determined.  

6.2.3. Bread baking procedure 

The formulation of breads was as followed: 1000 g flour (control: 100% wheat flour; DMSR5: 

95% wheat flour and 5% DMSR; DMSR10: 90% wheat flour and 10% DMSR), 7 g bakery fat, 15 
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g salt, 14 g dry yeast, 0.2 g ascorbic acid, and 600 mL water. The water content was constant 

in all the samples. Bread dough was prepared using the Z-blade mixer (Morton Mixers, UK). 

All ingredients were mixed at 48 rpm for 130 s at low speed, and then mixed high speed, i.e. 

at 111 rpm for 100 s. Afterwards, the dough was hand-moulded into three 460 g pieces and 

placed on a baking tray for an initial proving period (proofing oven ARM/93 proof oven, Salva, 

Lezo, Spain) at 40 oC for 10 min. Then, the dough pieces were moulded in a mono mini moulder 

(Mono Equipment, Swansea, UK) and transferred into a baking tin (17 x 7.5 x 8 cm). Doughs 

were proved for another 20 min, and then baked in a deck oven (3STA 4676, Polin Stratos, 

Verona, Italy) at 230 oC for 20 min. After baking, the loaves were removed from the tins, left 

to cool down to room temperature, and then sealed in polypropylene bags. Three bread 

loaves per replicate were obtained. Analyses were carried out during the following 24 h. Each 

bread formulation was prepared in triplicate. 

6.2.4. Proximate composition analysis of bread 

The moisture, protein (conversion factor x 6.25), lipid, fibre, and ash of control bread and 

DMSR breads were determined by the AOAC method (AOAC, 2005). Starch was determined 

using the Total Starch Assay Kit (Megazyme, Ireland). Samples were analysed in triplicate. 

6.2.5. Bread physical characteristics  

Weight loss (WL; %) of bread during baking was calculated according to Rodríguez-García et 

al. (2013) methodology. The bread specific volume was determined by using Volscan Profiler 

(VSP 600C, Stable Micro Systems, UK). Cell crumb structure of bread was determined 

according to Lau et al. (2022) methodology with minor modifications. Briefly, the image of 

bread slice was scanned using a flatbed scan (HP Scanjet G2710, Hewlett-Packard, United 

States). Afterwards, the image was analysed using Image J software (National Institute of 
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Health, USA). The image was cropped at the centre of the slice to produce a 5 cm x 4.5 cm 

crumb image, and then was split into colour channel (grey, red, and blue), and blue was 

selected because the produced picture was more clearly than the other two. The image was 

binarized; the number of cells and the area of the air cells were measured. Two slices per 

bread sample were measured. 

6.2.6. Bread texture profile analysis 

The texture properties of bread were determined using a Texture Analyser (TAX-Plus, Stable 

Micro Systems, Surrey, UK) with a 5 kg load cell, and analysed following Dhen et al. (2018) 

description with some modifications. Briefly, bread samples were sliced into 15 mm thick 

slices. The two middle bread slices of each bread were used for texture analysis. A two-cycle 

crumb compression test was performed using a 20 mm diameter cylindrical probe (p/20); 

samples were compressed 40% of their original height at a speed of 1.7 mm/s with 5 s waiting 

time between the two cycles. The results of hardness (N), springiness, cohesiveness, and 

chewiness (N) were calculated by the software Exponent (Version 6.1.18.0, Stable Micro 

Systems, Surrey, UK). Three measurements per replicate were performed, in each of the three 

loaves obtained. 

6.2.7. Colour measurement of crumb and crust 

A chroma meter (CR-400, Minolta, Japan) was used to measure the colour of the bread crust 

and crumb. The colour of the crust was measured in three points in the centre of the loaf. The 

colour of the crumb was measured at three points in the central part of a slice. Measurements 

were performed in the three breads loafs produced per batch. The results were expressed in 

accordance with the CIELAB system (illuminant C and 10° viewing angle). The measurements 

were made with an 8 mm diameter diaphragm inset with optical glass. The parameters 
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measured were L* (L* = 0 [black], L* = 100 [white]), a* (–a* = greenness and +a* = red) and 

b* (–b* = blueness and +b* = yellow). The total colour difference (∆E*) between the control 

sample and each of the breads containing DMSR was calculated using Equation 6.1 (Francis & 

Clydesdale, 1975): 

Equation 6.1: ∆E = [(∆L∗)" + (∆a∗)" + (∆b∗)"]#/" 

The values used to determine whether the total colour difference was visually obvious were 

the following (Bodart et al., 2008): ∆E* < 1 colour differences are not obvious for the human 

eye; 1 < ∆E* < 3 minor colour differences could be appreciated by the human eye depending 

of the hue; ∆E* > 3 colour differences are obvious for the human eye. 

6.2.8. Statistical analysis 

One-way analysis of variance (ANOVA) was performed using Minitab (version 20, State College, 

USA) software package. Turkey’s HSD test was used to compare the mean values (p < 0.05) 

among samples. 

 

6.3. Results and Discussion 

6.3.1. Dough mixing properties  

The dough mixing properties are presented in Table 6.1. Dough water absorption (WA) was 

not significantly different (p > 0.05) between doughs when wheat flour was replaced by DMSR. 

Adding DMSR significantly increased (p < 0.05) dough development time (DDT), but no 

difference (p > 0.05) was observed between 5% and 10% enrichment. DDT increase could be 

due to the fibre content increasing in DMSR dough (DMSR proximate composition in Section 

6.2.1). Fibre in DMSR competes for water with wheat flour components hindering the 

hydration of gluten proteins, thereby more time is required to develop the gluten network, 
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increasing the DDT (Gökşen & Ekiz, 2016; Wirkijowska et al., 2020). Dough stability time (DST) 

and mixing tolerance index (MTI) indicate dough strength and tolerance to mixing; a strong 

dough is characteristed by a high DST and low MTI values (Chisenga et al., 2020; Guardianelli 

et al., 2021). Adding DMSR significantly decreased DST and increased MTI (p < 0.05), indicating 

that the replacement of wheat flour with DMSR resulted in a weaker and less stable dough. 

These results could be attributed to gluten dilution and increased fibre content which induces 

greater disruption of the gluten network (Chisenga et al., 2020; Pasqualone et al., 2019). 

Similar results were observed in previous works, in which Moldavian dragonhead seed residue 

or Flaxseed addition resulted in softer bread doughs (Wirkijowska et al., 2020; Zarzycki et al., 

2022). 

6.3.2. Dough uniaxial extensibility 

Extensibility reflects the extension capacity of dough and relates to bread final volume 

(Burešová et al., 2014; Coțovanu & Mironeasa, 2021). Dough extensibility properties are 

presented in Table 6.1. The resistance to extension (R/E) and extensibility (E) of dough 

decreased significantly (p < 0.05) when DMSR proportion increased, indicating that the DMSR 

dough became weaker and softer. A specific ratio of gliadin (determines dough extensibility) 

to glutenin (determines the dough elasticity and strength) fractions is important for dough 

extensibility (Barak et al., 2013; Lu et al., 2018). The presence of non-gluten proteins from 

DMSR could have reduced the possibility of gliadins and glutenins interacting, thereby 

reducing dough extensibility. 
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Table 6.1. Mixing properties and uniaxial extensibility of the different dough samples. 
Dough  Mixing properties    Unaxial extension 

 WA (%) DDT (min) DST (min) MTI (FU)  R/E (N) E (mm) 

Control 62.57 ± 0.32 a 3.57 ± 0.11 b 9.17 ± 0.29 a 16.33 ± 1.53 c 0.45 ± 0.02 a 70.27 ± 2.45 a 

DMSR5 63.33 ± 0.35 a 4.27 ± 0.25 a 5.57 ± 0.21 b  27.67 ± 2.08 b 0.16 ± 0.01 b 40.35 ± 4.94 b 

DMSR10 62.77 ± 0.25 a 4.57 ± 0.11 a 2.33 ± 0.15 c 123.67 ± 4.04 a  0.08 ± 0.02 c 18.25 ± 1.86 c 

Mean ± standard deviation values (n = 3) in the same column with different superscript letters are significantly different (p < 0.05) according to 
the Tukey’s HSD Test; WA- water absorption; DDT- dough development time; DST- dough stability time; MTI- Mixing tolerance index; R/E - 
resistance to extension; E - extensibility. Control - 100% wheat flour, DMSR5 - 5% wheat flour replaced by defatted melon seed residue, DMSR10 
- 10% wheat flour replaced by defatted melon seed residue. 
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6.3.3. Proximate compositions of bread  

The proximate composition of breads is presented in Table 6.2. The moisture content 

decreased as DMSR content increased in breads; DMSR10 had a significantly lower moisture 

content (p < 0.05) than control bread. This could be attributed to the initial moisture content 

difference between wheat flour (13.80 g/100 g) and DMSR (9.60 g/100 g). DMSR breads had 

significantly higher (p < 0.05) lipid, protein, and fibre content than control bread. Especially, 

the fibre content in DMSR10 bread (3.41 g/100 g) was more than 5-fold higher compared to 

the control bread (0.57 g/100 g). According to the European regulation for nutrition and 

health claims on foods, products that claim to be ‘source of fibre’ and ‘high fibre’ should 

contain at least 3 g and 6 g of fibre per 100 g product, respectively (The Council of European 

Union, 2007). Therefore, DMSR10 bread could be labelled as ‘source of fibre’. In contrast, 

DMSR breads contained lower starch content as compared to control bread. Luo & Zhang 

(2018) indicated that increasing fibre or decreasing starch content is essential to develop low-

Glycaemic index (GI) bread, which might have potential health benefits for preventing 

hyperglycemia related diseases. In terms of ash content, a significant increase (p < 0.05) was 

observed in DMSR10 bread as compared to control bread. Previous studies reported that 

melon seed is rich in potassium (1148 - 2082 mg/100 g) (Mallek-Ayadi et al., 2018; Morais et 

al., 2017); thus, DMSR10 bread could contribute to an increased dietary intake of potassium. 
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Table 6.2. Proximate composition (g/100 g) of bread samples.  
Sample Moisture Lipid Protein Ash Starch Fibre 

Control 38.07 ± 0.30 a 0.42 ± 0.04 c 9.71 ± 0.12 c 1.69 ± 0.03 b 49.37 ± 0.43 a 0.56 ± 0.15 c 

DMSR5 37.71 ± 0.12 ab 0.71 ± 0.06 b 9.96 ± 0.03 b 1.69 ± 0.01 b 48.05 ± 0.29 b 1.71 ± 0.10 b 

DMSR10 37.23 ± 0.24 b 1.02 ± 0.04 a 10.29 ± 0.03 a 1.79 ± 0.05 a 44.93 ± 0.30 c 3.41 ± 0.38 a 

Mean ± Satndard deviation values (n = 3) in the same column with different superscript letters are significantly different (p < 0.05) according to 
the Tukey’s HSD Test. Control - 100% wheat flour; DMSR5 - 5% wheat flour replaced by defatted melon seed residue; DMSR10 - 10% wheat flour 
replaced by defatted melon seed residue. 
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6.3.4. Physical characteristics of bread  

Table 6.3 shows the physical characteristics of control bread and DMSR breads. Weight loss 

(WL) values were not significantly different (p > 0.05) among the three bread formulations. 

However, as mentioned in section 6.3.3 (Table 6.1) DMSR breads had lower moisture content 

than the control. These results could be due to the lower moisture content of DMSR (9.6 g/100 

g) over wheat flour (13.8 g/100 g). The decreasing or increasing effects on WL may depend on 

the substitution ingredient used due to their different chemical compositions and molecular 

structures (Alinovi et al., 2022; Lazou et al., 2022; Sardabi et al., 2021). Specific volume is an 

important parameter as it relates with the total gas phase retained in the final bread. As 

expected, a significant decrease in bread specific volume (p < 0.05) was observed with 

increasing DMSR (Table 6.3 and Figure 6.1). The addition of DMSR reduced the dough uniaxial 

extensibility (Table 6.1), thus decreasing the expansion capacity of dough during fermentation 

and baking and resulting in a lower volume of bread.  

In terms of crumb structure, the number of cells decreased with increasing amount of DMSR 

(Table 6.3). In contrast, the average cell size increased when the DMSR ratio increased. These 

findings could be explained by the dough mixing properties discussed in Section 6.3.1. As the 

DMSR proportion increased, the dough strength decreased, giving place to a dough in which 

gas phase destabilization phenomena, such as flocculation and coalescence of bubbles, took 

place, resulting in bigger cells and less cells numbers. These results are in agreement with 

other studies, where it is reported that addition of high fibre ingredients reduced the strength 

of gluten network and the stability of gas cell walls; this resulted in broken gas cell walls and 

coalescence of cells into larger ones (Bigne et al., 2018; Han et al., 2019; Ni et al., 2020; Saka 

et al., 2022).  
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Table 6.3. Physical characteristics of bread samples. 
Sample WL (%) Specific volume 

(ml/g) 

Number of cells Average cell 

size (mm2) 

Control 8.72 ± 0.33 a 3.02 ± 0.08 a 1017.00 ± 54.29 a 0.77 ± 0.15 c 

DMSR5 8.80 ± 0.41 a 2.67 ± 0.04 b 742.33 ± 11.15 b 1.17 ± 0.06 b 

DMSR10 8.80 ± 0.16 a 2.48 ± 0.04 c 535.67 ± 42.36 c 1.93 ± 0.06 a 

Mean ± Standard deviation values (n = 6) in the same column with different superscript letters 
are significantly different (p < 0.05) according to the Tukey’s HSD Test. WL – weight loss; 
Control - 100% wheat flour; DMSR5 - 5% wheat flour replaced by defatted melon seed residue; 
DMSR10 - 10% wheat flour replaced by defatted melon seed residue. 
 

 
Figure 6.1. Scanned images of bread slices; (a) Control bread - 100% wheat flour; (b) DMSR5 - 
5% replacing level of wheat flour; (c) DMSR10 - 10% replacing level of wheat flour. 
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6.3.5. Texture properties of bread 

Texture properties of all formulation breads are presented in Table 6.4. The hardness 

of bread increased significantly (p < 0.05) with increasing the DMSR ratio. As it was 

discussed in the previous section, breads with higher DMSR content presented lower 

volumes and a more compact cell crumb structure, thus giving place to firmer crumbs, 

this is supported by the PCA plot (Figure 6.2), where DMSR breads were positively 

associated with hardness and average cell size, but were negatively associated with 

volume and cell number. This was attributed to the increased level of fibre leading to 

a weaker and less extensible dough, with lower gas retention ability during 

fermentation and baking, thereby resulting in a compact structure (Ahmad et al., 2018; 

Dhen et al., 2018; Ma et al., 2019). These results were in line with previous studies, 

where fruit or vegetable by-products were added into bread formulations to increase 

dietary fibre (Ahmad et al., 2018; Ni et al., 2020; Zarzycki et al., 2022). Moreover, the 

lower moisture content in DMSR breads may have also been another factor to the 

increased hardness value. Water is the most common plasticizer in bread, which is 

related to hardness, thus, a lower moisture content could result in a firmer structure 

(Alinovi et al., 2022; Das et al., 2015; Mastromatteo et al., 2013). Additionally, a 

significant increase in chewiness (p < 0.05) was observed when increasing the 

percentage of DMSR in bread formulation. Chewiness reflects the extent of difficulty 

in food mastication before swallowing, and harder foods having higher chewiness (Xin 

et al., 2022). 

Springiness and cohesiveness reflect the elasticity of bread and the resistance of its 
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internal structure, respectively (Dhen et al., 2018; Ulziijargal et al., 2013). The 

springiness and cohesiveness values of both of DMSR breads were significantly lower 

(P < 0.05) than control bread, indicating that DMSR breads were less elastic and with 

a weaker cell crumb structure than control bread. These results could be attributed to 

the dilution of the gluten content. As mentioned before, when wheat flour was 

replaced by DMSR the inter-molecular interaction between gluten proteins for the 

formation of the network were disrupted, which led to a less elastic and fragile crumb 

structure in DMSR breads. Previous studies in bread, in which wheat flour was 

replaced by wheat by-products and broad bean hull also observed that substituted 

breads presented the characteristics of lower springiness and cohesiveness (Ni et al., 

2020; Pasqualone et al., 2017). 

 

Table 6.4. Texture properties of bread samples. 

Sample Hardness (N) Springiness Cohesiveness Chewiness (N) 

Control 13.66 ± 0.52 c 0.91 ± 0.01 a 0.71 ± 0.02 a 8.43 ± 0.15 c 

DMSR5 19.76 ± 0.40 b 0.83 ± 0.02 b 0.61 ± 0.02 b 9.51 ± 0.24 b 

DMSR10 22.69 ± 0.41 a 0.81 ± 0.01 b 0.55 ± 0.01 c 10.51 ± 0.18 a 

Mean ± Standard deviation values (n = 9) in the same column with different superscript 
letters are significantly different (p < 0.05) according to the Tukey’s HSD Test. Control - 
100% wheat flour; DMSR5 - 5% wheat flour replaced by defatted melon seed residue; 
DMSR10 - 10% wheat flour replaced by defatted melon seed residue.  
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Figure 6.2. Principal Components Analysis (PCA) of bread samples. Control - 100% 
wheat flour; DMSR5 - 5% replacing level of wheat flour; DMSR10 - 10% replacing level 
of wheat flour; SV - specific volume; CN - cell number; ACS - average cell size; WL - 
weight loss. 

 

6.3.6. Colour of bread crust and crumb 

The crust and crumb colour of all formulation breads are presented in Table 6.5 and in 

Figure 6.1. Bread crust became significantly (p < 0.05) darker (lower L*) when DMSR 

ratio increased in bread. This result could be associated with the dark colour of DMSR. 

Previous studies reported similar results when dark colour ingredients were used in 

bread production (Alinovi et al., 2022; Mikulec et al., 2019). In addition, the DSMR 

bread crusts colour presented lower values of the red component (a*) and yellow 

component (b*) than the control bread crust. These colour changes in the crust could 

be attributed to Maillard reaction due to higher protein content in DMSR than wheat 

(34.13 g/100 g and 13.5 g/100 g, respectively). These results are in line with previous 

studies in which a* and b* values decreased when wheat flour substitution by roasted 
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flaxseed flour/defatted hemp flour increased in bread (Lazou et al., 2022; Marpalle et 

al., 2014). 

In terms of bread crumb colour, similar trends as in the crusts were observed. The 

lightness (L*) of the crumb decreased significantly (p < 0.05) with increasing DMSR. In 

contrast, a significant increase in b* (yellowness) and decrease in a* (greenness) (p < 

0.05) were observed in the breads with increasing DMSR. Crumb colour changes could 

be mainly attributed to the originally colour of DMSR, rather than to chemical 

reactions. During baking, the centre of the crumb cannot reach temperature above 

100 °C. In addition, due to its higher moisture content, Maillard and caramelization 

reactions do not take place or are slower in comparison to the crumb, thereby they 

could not produce a significant impact on crumb colour (Lau et al., 2022; Purić et al., 

2020).  

The total colour differences (∆E*) for crust and crumb in all DMSR breads were higher 

than 3 as compared to control bread, indicating that the differences in colour between 

DMSR breads and control bread were obvious to the human eye. 
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Table 6.5. Crust and crumb colour parameters of bread samples.  

Crust L* a* b* ∆E* 

Control 59.76 ± 1.78 a 13.79 ± 0.58 a 36.77 ± 0.64 a 0 

DMSR5 53.56 ± 1.35 b 12.4 ± 0.22 b 23.14 ± 0.95 b 15.14 

DMSR10 47.13 ± 0.3 c 12.29 ± 0.21 b 20.07 ± 0.16 c 21.02 

Crumb     

Control 77.11 ± 1.01 a -1.60 ± 0.06 c 12.60 ± 0.29 c 0 

DMSR5 72.16 ± 0.61 b -1.24 ± 0.09 b 14.98 ± 0.11 b 3.83 

DMSR10 66.02 ± 0.25 c -0.58 ± 0.08 a 16.17 ± 0.34 a 11.70 

Ingredient     

WF 94.02 ± 0.20 -0.59 ± 0.04 9.93 ± 0.14 - 

DMSR 69.96 ± 0.19 4.98 ± 0.17 26.62 ± 0.60 - 

Mean ± Standard deviation values (n = 9) in the same column with different superscript 
letters are significantly different (p < 0.05) according to the Tukey’s HSD Test; WF - 
wheat flour. Control - 100% wheat flour; DMSR5 - 5% wheat flour replaced by defatted 
melon seed residue; DMSR10 - 10% wheat flour replaced by defatted melon seed 
residue. 

 

6.4. Conclusions 

Replacement of 10% of wheat flour by DMSR resulted in a bread that could be 

considered ‘source of fibre’. Moreover, DMSR addition enhanced protein and lipid 

content, improving bread nutritional quality. The reduction of starch content and the 

increase of fibre in DMSR breads could lead to a lower glycaemic index (GI) food than 

control bread. To this end, further work to evaluate the starch digestibility, blood 

glucose response and sensory profiling of DMSR breads should be carried out. DMSR 

addition reduced dough strength and extensibility, and had a negative effect in bread 

volume, hardness and springiness. Future work to reduce the negative effect of DMSR 

on bread physical properties will be carried out by using processing technologies to 
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modify the technological properties of DMSR, such as thermal treatment, micro-

milling, and fermentation. Overall, in the present work, DMSR was re-introduced into 

the food chain and incorporated into bread production as a complementary ingredient 

to wheat flour, helping in reducing food waste and contributing to a more sustainable 

food system. 
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Chapter 7. General discussion and future work 

 

7.1. General discussion 

The overall aim of the thesis was to explore valorisation strategies for melon seeds, targeting 

the recovery of high value-added compounds, and evaluating melon seeds as food ingredient. 

More specifically, the work carried out in this thesis generated useful knowledge in relevance 

to both academic and food industry stakeholders on: (1) the nutritional value of melon seed 

and its oil-extraction by-products (referred to as defatted meal/residue); (2) the impact of 

different processing methods melon seeds chemical composition; (3) melon seed oil quality 

and how it can be influenced using different extraction technologies; and (4) the use of 

defatted melon seed meal as wheat flour substitution in bread making. 

 

In Chapter 3, the impact of three processing methods, namely soaking, boiling, and roasting, 

on the nutritional and anti-nutritional compounds in melon seed was evaluated. Generally, 

processing can improve food palatability and digestibility as well as ensure food safety (Zhao 

et al., 2019). During processing, the texture, sensory, and nutritional quality of the food matrix 

can significantly change (Feizollahi et al., 2021). Soaking and boiling reduced tannins content 

up to 20% and 26%, respectively; this could be attributed to the leaching effect of tannins, as 

water-soluble components, into the water phase. In contrast, roasting did not reduce tannins 

content. Tannins, are anti-nutritional compounds which can bind to proteins and form 

insoluble complexes; the latter decreases protein digestibility (Nikmaram et al., 2017). It was 

suggested that soaking and boiling could represent promising processing methods to improve 

the nutrient availability of melon seeds. In addition, boiling decreased protein content (by 
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approximately 6%), and concurrently increased oil content (2% - 5%). It was suggested that 

boiling could be used as a pre-treatment method, especially before oil extraction, to improve 

the oil yield. Notably, it was found that boiling caused minor decrease in linoleic acid (C18:2) 

content, which is associated with the oxidation of unsaturated fatty acids at high temperature. 

Therefore, in cases whereby boiling is considered as pre-treatment method for melon seed oil 

extraction, time and temperature as key parameters should be considered further to maintain 

oil nutritional value and oil yield. 

 

In Chapter 4, the impact of three oil extraction methods, (Soxhlet, cold-pressed, and aqueous 

enzymatic extraction), on the physicochemical properties, content of bioactive compounds, 

and oxidative stability of melon seed oil was evaluated. An appropriate oil extraction method 

is important to assure the quality and nutritional value of the oil. Apart from food applications, 

high-quality oils could be used in other sectors (e.g. cosmetics and pharmaceuticals), which 

could further increase their added value. Melon seed oils were found to be rich in linoleic acid 

(53.6% - 70.8%), as well as in β-sitosterol (119.5 - 291.9 mg/100 g), and squalene (101.1 - 

164.7 mg/100 g), which support its suggested use as alternative edible oil. In addition, the 

choice of extraction method did not influence fatty acid profile of melon seed oil, but 

impacted on physicochemical properties, content of bioactivity compounds, and oxidative 

stability. Specifically, AEE and CPE extracted melon seed oil showed higher saponification 

values than SE. According to Akintayo & Bayer (2002), high saponification value in oils denotes 

their suitability for the production of liquid soaps or shampoos; as such, CPE and AEE extracted 

melon seed oil have potential application prospects in personal care. Besides that, among the 

three extraction methods, Soxhlet and aqueous enzymatic extraction oil samples exhibited 

better oxidative stability compared to oil samples obtained by cold-pressed extraction. The 



 176 

low oxidative stability in cold-pressed oil could be attributed to its higher composition in pro-

oxidant factors (e.g. metal ions) that are more likely to cause oil oxidation. 

 

Defatted melon seed, a by-product of melon seed oil extraction (often referred to as 

meal/residue), could be considered as functional food ingredient in food formulations. As such, 

in Chapter 5, the research work focused on evaluating the nutritional value, functional 

properties, and phenolic acid distribution of defatted melon seed. The meal contained 

considerable amounts of protein (51.1% - 54.2%, w/w), fibre (29.4% - 33.2%, w/w), minerals 

such as potassium and magnesium, and GABA (γ-aminobutyric acid; 1.4 - 4.3 mmol/kg), all of 

which supported its proposition as valuable food ingredient. However, it also exhibited 

relatively high phytic acid content (5.0% - 5.8%, w/w), which could interfere with nutrient 

bioavailability. In addition, defatted melon seeds showed satisfactory functional properties, 

including water/oil absorption capacity, and emulsifying capacity, comparable to similar 

materials such as defatted pumpkin seeds. All the above indicated defatted melon seeds 

potential as ingredient as wheat flour or fat replacer, in bakery and meat product formulations, 

respectively. With regards to phenolics, gallic acid, syringic acid, p-coumaric acid, and gentisic 

acid were primarily found in free form; protocatechuic acid, caffeic acid, catechin, epicatechin, 

and chlorogenic were found in free and conjugated form; no phenolics were found in bound 

form. The antioxidant properties of phenolics have been linked to many health benefits 

(Rockenbach et al., 2011; Sandhu & Gu, 2010). The above indicated that defatted melon seeds 

could be a good natural source of antioxidants. Currently, products without artificial 

ingredients, also referred to as ‘clean label’ have received increasing attention among 

consumers and the food industry, often driving the agenda in food development activities.  
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Based on the results from Chapter 5, defatted melon seed was used as wheat flour substitute 

in Chapter 6 for bread production, to assess its effect on dough development and bread 

quality. Bread is a traditional staple product, consumed on a daily basis across many parts of 

the world (especially Europe and North America) and plays an important part of the diet. As 

such, it was considered an appropriate prototype product to be reformulated with defatted 

melon seeds. Wheat flour was substituted by defatted melon seeds at 5% and 10%. The melon 

seed meal addition reduced dough strength and extensibility, which in turn made dough softer 

and weaker. These observations were attributed to gluten dilution and increased fibre content, 

both of which induce disruption of the gluten network. The latter had a negative effect on 

bread quality, as indicated by reduction in bread volume, hardness and springiness in the 

formulated samples. However, in terms of the bread’s nutritional quality, compared with 

control bread (100% wheat flour), defatted melon seed breads had higher protein, lipid, and 

fibre content. More specifically, with regards to fibre content, 10% defatted melon seed 

breads could be labelled as ‘source of fibre’, containing 3.4 g/100 g, which represented more 

than five-fold increase in fibre content compared to control bread (about 0.6 g/100 g). In 

addition, defatted melon seed breads had lower starch content than control. Increasing fibre 

or decreasing starch content is essential to develop low-Glycaemic index (GI) bread, which 

might have potential health benefits for preventing hyperglycemia related diseases (Luo & 

Zhang, 2018).  

 

7.2. Limitations and future work 

In Chapters 3 and 6, melon seed was processed by roasting method to convert it as food 

resource and defatted melon seed was used as wheat flour substitution to develop bread, 

respectively. Both approaches are commonly used in domestic cooking and food industry 
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processing; during roasting and baking processing, high temperature can induce Maillard 

reactions. The latter depend on the presence of reducing sugars and amino acids and lead the 

formation of volatile compounds that contribute to flavour and aroma development (Bi et al., 

2022). However, acrylamide, a processing contaminant in the Maillard reaction, classified as 

“probably carcinogenic to humans”, would be also generated during these processing 

conditions. Previous studies showed that the major precursors for acrylamide formation are 

free asparagine and reducing sugars (principally glucose, fructose, and maltose) 

(Muttucumaru et al., 2017; Xu et al., 2016). In our study, free asparagine was detected in 

melon seeds. According to Oddy et al. (2022), the targeting point should focus on reducing 

acrylamide content in roasted or baked goods as low as possible, since absence of acrylamide 

is not achievable. Recently, the European Commission is expected to set maximum levels of 

acrylamide in food products, as an attempt to protect public health (European Commission, 

2023). As such, future work resulting from this thesis should focus on monitoring acrylamide 

formation in roasted melon seeds and reformulated bread, to quantify the levels of 

acrylamide formation and suggest preventative processing measures (moisture content, 

temperature, duration) to keep acrylamide to minimum levels in the finished products.  

 

Another aspect of the thesis that could be followed up in future work is the potential of AEE 

(aqueous enzymatic extraction in Chapter 4) as means of melon seed oil extraction. The major 

challenge in AEE is oil yield, thus, improving oil yield is key work in the future. Other extraction 

technologies, such as ultrasonication and microwave, could be combined with AEE to improve 

the efficiency of enzyme hydrolysis and maximise oil yields (Mwaurah et al., 2020). On the 

other hand, as with similar aqueous based methods, during AEE, emulsification of the 

extracted oil was observed, which represents a limitation as it negatively influenced oil yield 
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and recovery (de Souza et al., 2020; Fang et al., 2016; Mat Yusoff et al., 2015). Therefore, in 

order to improve oil yield, a number of de-emulsification methods could be investigated to 

recover oil from the emulsion phase. Heating, freeze-thawing, pH, have been reported as 

efficient ones and could be explored in future work (Zhang et al., 2013). Besides, apart from 

the efficiency of de-emulsification methods, the quality of the recovered oil from emulsion 

phase is also worth investigating in the future work. 

 

Based on the work presented in Chapter 6, defatted melon seed could successfully substitute 

wheat flour up to 10%. Sensory evaluation and flavour analysis could be conducted in the 

future, to identify any differences in attributes in the reformulated bread products. Consumer 

acceptance is an important determinant of the successful commercialization of either newly 

developed or reformulated products (Yang et al., 2020). Besides that, defatted melon seed 

breads exhibited improved nutritional value in terms of fibre content, and their potential as 

low-Glycaemic index food. These first findings could be followed up by human intervention 

studies, aiming to evaluate (1) postprandial glycaemic response after meal; (2) insulin 

response after meal; as well as (3) subjective appetite rating after meal (Binou et al., 2021, 

2022; Zhao et al., 2023). The above suggested studies can provide useful information to assess 

this novel enriched bread potential as low-Glycaemic index food, and contribute to further 

develop and utilise defatted melon seed as valuable ingredient in food formulation. 
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Appendix: 

Appendix 1. List of conference, seminars, and publications 

Conference/seminars: 

1. Oral Presentation at 3rd FNS Research Symposium on 3rd November 2020 in University of 

Reading, under title “Valorisation of melon seed”. 

2. Poster presentation at 4th FNS Research Symposium on 2nd November 2021 in University 

of Reading, under title “Valorisation of melon seed”. 

3. Oral Presentation at Department of Food and Nutritional Sciences Seminar on 2nd February 

2022 in University of Reading, under title “Evaluation of defatted melon seeds as functional 

food ingredient”. 

4. Poster presentation at Total Food 2022 Conference on 13th July 2022 in University of 

Nottingham, under title “Evaluation of defatted melon seeds as functional food ingredient”. 

 

Publications: 

Chapter 6 of this thesis has been published as “Zhang, G., Chatzifragkou, A., 

Charalampopoulos, D., & Rodriguez-Garcia, J. (2023). Effect of defatted melon seed residue 

on dough development and bread quality. LWT, 183, 114892.” 
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Appendix 2. Extensibility curve of control and DMSR doughs.  

 

 

 

 

 

 


