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Abstract 

Citron watermelon (Citrullus lanatus var. citroides) is a multi-purpose cucurbit crop serving the food, feed and the pharmaceutical sectors. The 
fresh and dried young leaves, fruit and seed are sources of vital human nutrients, and unique phytochemical compounds with pharmacological 
and therapeutic values. Citrullus lanatus contains about 6% sugar and 92% water by weight. As with many other fruits, it is a source of vitamin 

C. The composition of dried egusi seed without shell per 100 g include: water 5.1 g, energy 2340 kJ (557 kcal), protein 28.3 g, fat 47.4 g, 

carbohydrate 15.3 g, Calcium 54 mg, Phosphorous 755 mg, iron 7.3 mg, thiamin 0.19 mg, riboflavin 0.15 mg, niacin 3.55 mg and folate 58 μg. 

The seed being an excellent source of energy and contains no hydrocyanic acid, making it suitable as livestock feed. The seed oil contains 

glycosides of linoleic, oleic, palmitic and stearic acids. The composition of watermelon per 100 g edible portion (50–70% of the mature fruit) 

include: water 91.5 g, energy 134 kJ (32 kcal), protein 0.6 g, fat 0.4 g, carbohydrate 7.2 g, Calcium 8 mg, Phosphorous 9 mg, iron 0.17 mg, 

thiamine 0.08 mg, riboflavin 0.02 mg, niacin 0.2 mg, folate 2 mg and ascorbic acid 9.6 mg. The review serves as a foundation information on the 
unique values of citron watermelon to guide future research and development. It recommends collaborative and detailed biochemical analysis 
efforts for product discovery and optimal use of health-promoting bioactive compounds using the diverse genetic resources available in Africa 
and elsewhere. This will enhance the commercial value and benefit sharing from citron watermelon in the horticulture, food and 
pharmaceutical industry. 
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Introduction 
Oils extracted from plant sources have a rich history of use by local people as a source of food, energy, medicine and for cosmetic applications. 

The continued increase in human population has resulted in the rise in the demand as well as the price of edible oils, leading to the search for 

alternative unconventional sources of oils, particularly in the developing countries. There are hundreds of underexplored plant seeds rich in oil 
suitable for edible or industrial purposes. One of such underutilized product is watermelon seed oil, rich in linoleic acid (~64.5%). It is used for 

frying and cooking in some African and Middle Eastern American countries owning to its unique flavor. Also to prevent solid waste related 

hazards to the environment, effort should be made to increase the utilization of these unconventional food wastes. Knowledge of the properties of 

the watermelon seed oil may offer insight into the nature and potential benefits of the oil. The nutritive value (in terms of mineral elements) of 

citron watermelon places this crop among novel species with potential to reduce micronutrient deficiency (hidden hunger) common in SSA 

(Chacha and Laswai, 2020). Consuming citron watermelon seeds is influenced by their palatability, primarily determined by chewability and 

flavour after roasting. Also, the choice of which type of seed to eat is based on seed coat colour. White or cream seeded seeds have soft seed coats 

which are easy to chew when roasted. Red-white and red seeds have medium-hard seed coats which are crunchy and easy to chew after roasting. 

On the contrary, seeds with heavy pigmentation (black and maroon) are not easy to chew, often not preferred for roasting, and are less palatable 

(Nkoana et al., 2021). The variability exhibited in the ease with which citron watermelon is chewable is probably related to seed physical 

characteristics such as seed coat thickness and structural composition (lignin and cellulose content). Citron watermelon fruits are an important 

source of water and bioactive compounds and are commonly used as livestock (i.e., cattle, goats and pigs) feed in the region (Laghetti and 
Hammer 2007; Nantoumé et al. 2013; Ngwepe et al. 2019). Seed extracted from mature fruit are eaten as snack after roasting. The seed is rich in 

protein (≥ 23%), minerals, essential vitamins and essential amino acids (i.e., arginine, isoleucine, leucine, phenylalanine, glutamic acid and 

aspartic acid (Singh and Matta 2010; Achu et al. 2013; Yoo, et al. 2013). Therefore, underutilized and neglected crops such as citron watermelon 

have diverse dietary benefits useful to combat food insecurity and nutrition deficiency. 

Plant description 
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Watermelon, a vine-like flowering plant, is a member of the family of cucumber (Cucurbitacea). It is a drought tolerant crop which is cultivated 
chiefly in tropical, semi tropical and rigid regions of the world. Different varieties of watermelon are available and some of the varieties are: 

sugar baby, golden midget, star light, jubilee, yellow baby etc. They not only vary on their size (large or small) but also in their shape (oval, 
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round or oblong) and colour of the flesh (red, orange and yellow). Sweet watermelon originates from West, not southern Africa, as previously 

believed, and the South African citron melon has been independently domesticated. The type specimen of the name Citrullus lanatus, prepared by 

a Linnaean collector in South Africa in 1773, is not the species now known as watermelon. Instead, it is a representative of another species that is 

sister to C. ecirrhosus, a tendril-less South African endemic. The closest relative of the watermelon is a West African species. Nuclear and plastid 

data furthermore reveal that there are seven species of Citrullus, not four as assumed. They are as follows- Citrullus naudinianus, C. colocynthis, 
C. rehmi, Citrullus amarus, with the synonyms C. caffer and C. lanatus var. citroides, C. ecirrhosus. The species of watermelon which is widely 

available and eaten in Kolkata (India) is known as Citrullus vulgaris. It is round in shape, has dark green colored rind and red pulp which is sweet 

in taste. 

Nutritional Values 

The nutritive value (in terms of mineral elements) of citron watermelon places   this   crop among novel   species   with   potential to 
reduce micronutrient deficiency (hidden hunger) common in SSA (Chacha and Laswai, 2020). Consuming citron watermelon seeds is 

influenced by their palatability, primarily determined by chewability and flavour after roasting. Also, the choice of which type of seed to eat is 

based on seed coat colour. White or cream seeded seeds have soft seed coats which are easy to chew when roasted. Red-white and red seeds have 

medium-hard seed coats which are crunchy and easy to chew after roasting. On the contrary, seeds with heavy pigmentation (black and maroon) 

are not easy to chew, often not preferred for roasting, and are less palatable (Nkoana et al., 2021). The variability exhibited in the ease with 

which citron watermelon is chewable is probably related to seed physical characteristics such as seed coat thickness and structural composition 

(lignin and cellulose content). 

Reports indicated that citron watermelon has unique nutritional and phytochemical compositions with natural pharmacological and therapeutic 

values. The seeds are rich in oil, protein and unsaturated fatty acids (i.e., linoleic, oleic, palmitic and stearic) (Jarret and Levy, 2012). The non- 

sweet fruit has low total   soluble   solids   (TSS)   and natural   sugars   (i.e.,   fructose,   sucrose   and   glucose)   and high   organic   acids 

and carotenoids content   especially   β-carotene   (Jawad et al. 2020).   The   leaves    and    fruit    contain    phytochemical    compounds 
including cucurbitacins and their gycosides derivatives with medicinal values (Alsayari et al. 2018). In Sudan, the crop is used for treating various 

ailments such as swellings, gout, rheumatism, and gastrointestinal disorders (Abdelwahab et al. 2011). In South Africa, the leaves and fruit of 

citron watermelon are used by traditional healers for treating hypertension (Semenya and Potgieter, 2015). Roasted seeds are consumed to 

stimulate appetite and alleviate constipation. There has been renewed and growing interest regarding the use of natural plant-derived food and 

non-food products as an alternative to artificial drugs for treatment and management of human ailments. There is scant information on 

ethnomedicinal uses of citron watermelon when compared with other cucurbit species. The therapeutic values of citron watermelon are largely 

unknown and poorly documented. Further, commercial products are yet to be developed in Africa to produce value added dietary foods and non- 

food products. 

WMR structure is generally composed of a combination of hemicelluloses, celluloses, lignin and pectin with entrapped sugars, proteins, 

polyphenolics, citrulline, lycopene and carotenoids. WMR contained more citrulline (24.7 mg/g) than flesh (16.7 mg/g) on a dry weight basis, 

more polyphenolic content (63.33 ± 1.455 mg TAE/g) than red flesh (47.3 ± 0.88 mg TAE/g). However, the flavonoids are more concentrated in 
red flesh (2.028 ± 0.061 mg RE/g) than rind (1.105 ± 0.142 mg RE/g). The total phenolic content in WMR ranged from 385 to 507 mg CAE/Kg 

higher than that in flesh ranged from 354 to 431 mg CAE/kg (Dieng et al., 2017). Neglo et al. (2021) reported that the WMR contains the highest 

total phenolic content (0.026 ± 0.003 mg GAE/g) and the pulp contains the lowest phenolic content (0.010 ± 0.001 mg GAE/g). The functional 

compound present in the WMR are alkaloids, phytates, tannins, oxalates, phenols, flavonoids, and saponin. Romelle et al. (2016) reported 

the antinutrient compounds present in WMR such as oxalate and phytates (128.49 mg and 0.70 mg) as compared to pomegranate peel 

(2283.77 mg and 1.33 mg), banana peel (280.88 mg and 6.20 mg) mango peel (404.88 mg and 1.63 mg) and pineapple peel (129.06 mg and 

1.99 mg) per 100 g of peel. 
Every aspect of the fruit of watermelon has nutritional value, including the rind and the seeds. The most common way watermelon is eaten, is the 

consumption of the pink or yellow flesh, eaten raw, the way it was grown. However, other common ways it is eaten include watermelon rind 

pickles, deep fried watermelon, watermelon cake, and watermelon lemonade (Wind, 2008). In southern Africa it has been cultivated since 
precolonial times with other crops such as sorghum and maize. The tender young leaves and fruits are cooked as green vegetables, while the fruit 

flesh may be cooked as porridge with maize meal. It is also a valuable stock feed, especially in times of drought. The hollowed fruit can be used 

as a container for cooking or storing berries. The pulp and seeds are prepared in a number of different ways for eating (Globinmed, 2010). The 

flat brown seeds have a much higher food value than the flesh and have a nice nutty taste. Significant amounts of vitamin C, minerals, fat, starch 

and riboflavin have been obtained from them. They can be dried, roasted and eaten as such or ground into flour to make bread. The flour is said to 

contain saponin and is also used as a detergent. The seed contains a high percentage of oil which is similar to pumpkin seed oil and can be used in 

cooking (Moldenke and Moldenke, 1952). In West Africa the seeds are made into pulp and added as thickener to soups. They are also fermented 

to produce a sweetener locally called ‘ogiri’ or they are roasted, pounded, wrapped in leaves and then boiled to produce another sweetener called 

‘igbãlo’. The residue from oil extraction is made into balls that are fried to produce a local snack called ‘robo’ in Nigeria, or is used as cattle feed.  

The residue from oil extraction is made into balls that are fried to produce a local snack called ‘robo’ in Nigeria, or is used as cattle feed 

(Moldenke and Moldenke, 1952). Citrullus lanatus seeds are increasingly used for their oil in semi-arid regions and also the use of the oil in the 
cosmetic and pharmaceutical industry is increasing. There are also prospects for use of the seeds in the improvement of infant nutrition in view of 

their high protein and fat content (Maynard, 2001). 

Fatty acids analysis through GC-MS (gas-liquid chromatography-mass spectroscopy) of WMSs revealed a range of fatty acids including 

the linoleic acid, stearic acid, palmitic acid and oleic acid are predominantly present in seeds. Ahmad, et al., (2017) identified prevailing fatty 

acids in WMSs oils with percent composition and reported palmitic acid (3.80%), carbonic acid (1.30%), oleic acid (17.84%), linoleic acid 

(13.77%), propanedioc acid (3.74%), delta-tocopherol (5.16%) and dioctyl esters (0.98%). Rezig et al. (2019) reported that the WMS oil contains 
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a high amount of approximately 82.32% of total unsaturated fatty acid consisting primarily of the highest linoleic acid (68.07%) and the oleic 

acid content (14.25%). Recent studies have shown that, watermelon seeds can be used as a raw material for preparation of Robo “Nigerian snack” 

(Adeyeye et al., 2019). ( Zia et al. (2021) reported that watermelon seeds are an excellent source of protein (15–50%) such as albumin, 

globulin, prolamin, and glutelin. Information linking seed characteristics such as coat colour, thickness/hardness, and biochemical composition 

(lignin, cellulose and hemicellulose content) with nutritional profiles could be useful for breeding, developing nutritionally enhanced genotypes, 
consumption and processing value-added food products. However, there is limited information associating seed physical characteristics and 

biochemical composition with nutritional quality and palatability (taste, chewability), roasting and popping citron watermelon seeds. Therefore, 

seed-derived products' processing and value-addition in citron watermelon require understanding the seed's physical, mechanical, and chemical 

properties. 

 
 

Traditional uses of citron watermelon 

In South Africa, the Bapedi and Venda tribes refer to the crop as “lerotse”, “marotse”, “mutshatsha” or “Motshatsha” (Ngwepe et al. 2019). 
Freshly harvested leaves are referred to as “motshatsha” or “Morogo wa motshatsha”, whereas dried leaves are traditionally known as 
“Kgwaile” in the indigenous South African Sepedi language. Motshatsha, a leaf vegetable dish, is prepared by boiling fresh succulent leaves 
of citron watermelon, ripe tomatoes and salt added and consumed with starch staples mostly maize or sorghum porridge. Kgwaile is pre- 
cooked, sun-dried and preserved leaves of citron watermelon which is used when desired as leafy vegetable. The leaves of citron watermelon 
are bitter-tasting due to phytochemical compounds (Kim et al. 2018). Boiling and preservation reduce the level of leaf bitterness. The leaves are 
relatively less-bitter during the vegetative growth stage compared with flowering and fruit set stages. The dry vines serve as fodder for livestock 
(Laghetti and Hammer, 2007). The fully-developed fruit is used for preparation of various traditional foods (Ngwepe et al. 2019). For example, 
“kgodu” is well-known and favoured traditional cuisine by the Bapedi tribe of South Africa. Kgodu is prepared by boiling the crisp yellow or 
orange flesh to tenderness and adding maize meal to make porridge which can be consumed with roasted citron watermelon seed (Fig. F & G), 
soup or based on desired consumer preferences. In addition, “mokgapu” is prepared by boiling the flesh, adding white or brown sugar to 
improve taste and consumed as soup. Seeds extracted from the fruit are roasted and salted, and are referred as “dithotse” (Fig. 2F & G) in the 
local South African Sepedi language and consumed as snack or with kgodu. Brown, red-white and red seeds are preferred for roasting due to 
their soft -to -medium hard seed coats, easy chewability and being full of flavour. White seeds are soft, whereas black and maroon seeds have 
hard seed coats, uneasy to chew, and un-suitable for roasting. Raw and roasted seed are processed into fine powder for use as chicken feed 
(Ngwepe et al. 2019). Fruits are used as animal feed supplement for small – and large-livestock such as cattle, sheep, goats, donkeys and pigs 
(Fig. 2H). This provides water and vital nutrients especially during dry winter seasons where grazing and water are scarce. Fresh roots of some 
citron watermelon are extremely bitter (Personal observation). This may be due to the inherent constituents of phytochemicals with possible 
pharmacological and therapeutic properties. However, there is limited information regarding their medicine use. On the contrary, the roots 
of C. lanatus var. lanatus are grounded to powder and used by Bapedi traditional healers for treating tuberculosis (TB) in the Limpopo Province, 
South Africa (Semenya and Maroyi 2019). Further, the ripe red fresh of C. lanatus var. lanatus fruit is mixed with Aloe species, boiled and 
administered orally to treat TB by South African traditional healers (Semenya and Maroyi 2019). The unique uses of citron watermelon in South 
Africa suggests that the edible plant parts may provide vital nutrients and phytochemical compounds with health-promoting benefits and with a 
potential to develop nutraceutical and pharmaceutical products. 

 
Conclusion 

This review had shown that Citrullus lanatus possesses numerous bioactivities from natural source which is of better advantage than 

conventional therapies. Thus, in-depth research is hereby recommended in other areas left to be investigated. 
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