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ABSTRACT
Locally-grown kiwano fruits, Tempus cultivar, were evaluated for their content in some main
classes of nutritional organic compounds. With 448/98 mg/kg DW (pulp/peel) total carotenoid
content was average when compared to other Cucurbitaceae. Among identifiable carotenoids,
lycopene was the only one in notable amounts, in peel (12% of total carotenoids). With
51,751/37,624 mg/kg, total phenolic inventory was extremely rich. Flavonoids were clearly
dominant (78/49%). Hydroxycinnamic acids were found in significant proportions (11/27%).
Fruit pulp also showed some amounts of tannins (5.9%) and stilbenes (2%), while coumarins
were found in low amounts. Ascorbic acid was abundant, 20,140 mg/kg in pulp and 7,689
mg/kg in peel. Soluble sugars were 15,915 /6,634 mg/kg while lipids were 5,556 /2,721 mg/kg.

INTRODUCTION

Cucumis metuliferus E. Mey (kiwano, horny cucumber, horny melon, jelly
fruit, melano, pikano) belongs to the Cucurbitaceae family. A native of Southern
Africa (Kalahari Desert area), it became a popular crop during the ‘80s in many parts
of the world, including European countries. In Romania, the first noteworthy results
were obtained at the SCDL Buzau in 1996 and since then some cultivars were
successfully acclimatized in our country. Tempus cultivar is one of the most
commonly grown here, omologated in 2008 at the same research station.

An annual, climbing plant, propagated through seeds, kiwano has deep root
system, 2-3 m long stems, single tendrils, pentagonal leaves, monoecious yellow
flowers and a characteristically spiky, fruit, with a thick, yellow-orange epicarp and a
green fleshy mesocarp. Kiwano is appreciated outside Africa as a unique, exotic
fruit, but also for its nutritional and potentially nutraceutical properties. The fruit is
known to contain high amounts of vitamins A, C and E, iron, potassium, valuable
fatty acids and terpenoids (ursolic acid). Known nutraceutical properties include free
radical scavenging, blood cholesterol lowering, hypoglycemiant etc. (Vinatoru et al.
2012; Busuioc et al. 2023). The species has been studied from a biochemical point
of view, and there are studies especially on African cultivars, that found notable
amounts of 31-64,000 mg/kg phenolic compounds, of which 2,100-8,500 mg/kg
flavonoids, 150-260 mg/kg ascorbic acid, 15-16 mg/kg B-carotene etc. (Maluleke et
al. 2021). Tempus cultivar was also studied, but mostly focusing on fruit juice and
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using chromatographic means, pointing to several individual compounds (Busuioc
2023; Busuioc et al. 2023). The objective of this paper was to determine the amount
of several classes of nutritional compounds and compound classes in both peel and
pulp mature of Tempus kiwano fruit.

MATERIAL AND METHODS

Ripe kiwano fruits (Tempus cultivar) were collected from the experimental
farm of the “Ovidius” University of Constanta. Plants were grown under greenhouse
conditions, at 70-80 cm distance. The seedlings were produced in the laboratory
within ,Ovidius” University, using seeds acquired from Vegetable Research and
Development Station, Buzau. The date of sowing in Laboratory was March 15" and
the planting date of seedlings in the greenhouse was 3 of May, 2023. Plants were
grown biologically. Fruit epicarp (peel) respectively mesocarp and endocarp (pulp)
were separated. Peel was oven dried and extracted in 70% ethanol, while pulp was
ground, filtered and used as juice. Amounts of both were oven dried at 105°C for
determining dry weight.

Total carotenoids were determined by 10-fold dilution in 80% acetone and
spectrophotometric absorption reading (ONDA UV-21 spectrophotometer) at 470 nm
(Popoviciu et al. 2023). Among individual carotenoids, B-carotene, lycopene, lutein
(and lutein esters), cryptoxanthin and zeaxanthin were determined by dilution in
acetone:hexane:petroleum ether, petroleum ether, ether, acetone, respectively
ethanol and determining absorbance at 445, 446, 453, 505, 645, 663 nm.
Concentrations were calculated according to BraniSa et al. 2014, Suijith et al. 2010,
Biehler et al. 2009, Butnariu et al. 2014 and expressed as mg/kg DW.

The total amounts of phenolic compounds were determined by 10-fold
dilution in methanol and Folin-Ciocélteu reaction. Absorbance was read at 765 nm
against a gallic acid calibration curve (Popoviciu et al. 2023). Total flavonoids were
determined by 10-fold dilution in water:methanol (4:8) and absorbance reading at
340 nm (Szabo et al. 2012). Flavanols (catechins), by dilution in 70% ethanol and
reading at 280 nm (Yaneva et al. 2020). Anthocyanins, by dilution in 70% ethanol
and reading at 520 and 700 nm (BraniSa et al. 2014). Phenolic acids (hydroxybenzoic
and hydroxycinnamic) were analyzed by dilution in ethanol-hydrochloric acid mixture
and spectrophotometry at 220, 275 325, 345 and 380 nm (Paula et al. 2017). Tannins
were determined after thermal hydrolysis in water-hydrochloric acid mixture and
reading at 550 nm (Moutari et al. 2018). Stilbenes, by 10-fold dilution in 70% ethanol
and reading at 304 nm (Bancuta et al. 2015). Coumarins, by 10-fold dilution in 80%
methanol and reading at 275 nm (Soares e Silva et al., 2012).

Total ascorbic and dehydroascorbic acid were determined by ethanol
dilution, reaction with ammonium molybdate and sulfuric acid, and
spectrophotometric reading at 494 nm (Riscahyani et al. 2019). Total soluble
carbohydrates were determined by reacting extracts with sulfuric acid and phenol
(5%) and reading at 490 nm (Agrawal et al. 2015). Lipids were determined by
petroleum ether dilution and gravimetry (Orphanides et al. 2011). All concentrations
were expressed as mg/kg DW.

RESULTS AND DISCUSSIONS

The concentrations of various classes of compounds with bioactive potential
are shown in Figures 1-3.
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Average total carotenoid concentration was 448 mg/kg DW in fruit pulp and
98 mg/kg in peel. The only major identifiable compound was lycopene, with 12 mg/kg
in peel (12% of the total amount). Some noteworthy amounts of lutein ad
cryptoxanthin (above 1 mg/kg) were also found in peel. B-carotene was found in
concentrations below detection limit in all samples, different from the 15-17 mg/kg
found in a South African cultivar by Maluleke et al. (2021).
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Figure 1. Concentrations of total and some individual carotenoids in ripe kiwano
fruits — Tempus cultivar (mg/kg DW).

For comparison, in a study on three Cucurbita species (C. maxima, C.
moschata, C. pepo), wide array of 41-3,797 mg/kg total carotenoids were found
(Grassino et al. 2023). In local Romanian cultivars of C. maxima, C. moschata and
C. pepo in Romania 42-65 mg/kg FW carotenoids were found (maximum in C.
moschata, Dinu et al. 2016). 231 mg/kg (peel) and 251 mg/kg (pulp) were found in
Momordica charantia (Popoviciu et al. 2023).

Average total phenolic content was 51,751 mg/kg in pulp and 37,624 mg/kg
in peel. mg/kg. Of these, the flavonoid fraction was dominant, with 41,070 mg/kg in
pulp (79%) and 18,271 mg/kg in peel (49%). Among flavonoids, flavonols and
anthocyanins formed minute fractions in fruit pulp (1,513, respectively 50 mg/kg),
while in peel were below detection limit. Hydroxycinnamic acids were also abundant,
with 5,739 mg/kg in pulp (11%) and 10,331 mg/kg in peel (27%). Tannins formed 4-
6% of the phenolic inventory, being richer in pulp tissue (2,417 mg/kg). Stilbenes
(resveratrol and related compounds) were only found in pulp — 1,024 mg/kg — along
with a small amount of coumarins (143 mg/kg).

C. metuliferus is known to be one of the richest Cucurbitaceae in terms of
phenolic compounds, although the amounts seem to be highly variable or dependent
on extraction method, from below 60,000 mg/kg (of which flavonoids formed a
minority; Maluleke et al. 2021) to over 75,000 mg/kg (with some notable amounts of
catechin, epicatechin and procianidins; Busuioc 2023; Busuioc et al. 2023).

For comparison, other Cucurbitaceae rich in phenolics are squash
(Cucurbita pepo) with 3,867-5,306 mg/kg FW, pumpkin (Cucurbita maxima) — 549-
921 mg/kg, cucumber (Cucumis sativus) — 238-323 mg/kg, bottle gourd (Lagenaria
vulgaris) — 949-3,000 mg/kg and colocynth (Citrullus colocynthis) — 1,386-1,655
mg/kg (Al-Bakheit & Abu Zahra 2019). Cucumis melo peel was found to contain
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3,320 mg/kg FW phenolics of which 924 mg/kg FW flavonoids (Mallek-Ayadi et al.
2017). Coccinia grandis had 18,960 mg/kg phenolics (3,000 mg/kg flavonoids) in
peel and 9,500 (2,870) mg/kg in pulp; Trichosanthes cucumerina, 13,920 (3,240) in
peel, 9,140 (2,510) in pulp and Cucurbita moschata, 15,310 (3,120) in peel and
14,380 (2,950) mg/kg in pulp (Akhter et al. 2022). In Momordica charantia, in peel
and 18,598 mg/kg (13,527 mg/kg in peel), with dominant flavonoids (64-78%) and
around 10% tannin fraction (Popoviciu et al. 2023).

Ascorbic acid concentration reached 20,140 mg/kg in pulp and 7,689 mg/kg
in peel, higher than the amounts below 1,000 mg/kg found by Busuioc 2023;
Maluleke et al., 2021, similar to those in Momordica charantia (12,847-14,689 mg/kg;
Popoviciu et al., 2023). Lipid content was also higher in pulp (5,556 mg/kg) than in
peel (2,721 mg/kg), the same being valid for sugars (15,915 mg/kg in pulp, 6,634
mg/kg in peel), both higher than, for example, in Momordica charantia (9,035-9,579
mg.kg sugars, 3,200-3,800/mg/kg lipids; Popoviciu et al., 2023).
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Figure 2. Concentrations of phenolic compound classes in ripe kiwano fruits —
Tempus cultivar (mg/kg DW).
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Figure 3. Concentrations of other nutritional compound classes in ripe kiwano fruits
— Tempus cultivar (mg/kg DW).
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CONCLUSIONS

The carotenoid content in analyzed fruits was 448/98 mg/kg DW (pulp/peel).
Among identifiable carotenoids, lycopene was the only one in notable amounts, in
peel (12%), while lutein and cryptoxanthin were present in values above 1 mg/kg.

With 51,751/37,624 mg/kg, total phenolic inventory was extremely rich.
Flavonoids were clearly dominant (78/49%); among them flavanols and catechins
constituted minute fractions. Phenolic acids, namely hydroxycinnamic ones were
also present (11/27%). Fruit pulp also showed some amounts of tannins (5.9%) and
stilbenes (2%), while coumarins were found in low amounts.

Ascorbic acid was abundant, 20,140 mg/kg in pulp and 7,689 mg/kg in peel.
Soluble sugars were 15,915 /6,634 mg/kg while lipids were 5,556 /2,721 mg/kg.
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