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Abstract

The paper shows a short documentary study regarding the main valuable compounds that are present in the sub-
products resulting in the fruits from the Cucurbitaceae family, with a main accent on Cucurbita sp. type pumpkins. The
compound types (polyphenolic compounds, triterpenoids, carotenoidic compounds), extraction methods and the
properties of bioproducts obtained in this way (antimicrobial, antitumor properties, sun protection factor) are
presented. The most suitable valorization methods for waste biomass generated by Cucurbitaceae fruits are the
following: 1) recovery of the carotenoids and polyphenolics compound from these, with potential applications in
obtaining different dermato-cosmetical formulations, and 2) obtaining of nanomaterials with silver and gold, mediated
by the phyto-compounds recovered by extraction from Cucurbitaceae peels, with potential applications in medicine.
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INTRODUCTION

The family Cucurbitaceae belongs to the order
Cucurbitales and contains 98 genera and about
975 species of edible and ornamental plants.
This family of plants includes cucumbers,
gourds, melons, and squashes. Members can be
annual or perennial, and they can grow in
temperate or tropical climates on Earth
(Encycolpedia Britannica, 2024).

Cucurbitaceae of interest for the food industry
and not only, are Citrullus sp. (watermelon,
citron), Cucumis sp. (cantaloupe), Cucumber
sp. (cucumbers), Cucurbita spp. (squash,
pumpkins), Trichosanthes cucumerina,
Sechium edule, Benincasa hispida, Coccinia
grandis, Momordica  charantia  (Botany
Illustrated, 2006; Vieira et al., 2019, Perez
Gutierrez, 2016). Due to their widespread
cultivation and usage in Romania, the by-
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products of pumpkins (Cucurbita sp.) are the
subject of this study.

CHEMICAL
PUMPKIN

COMPOSITION OF

The species belonging to this family are rich in
carotenoids, terpenoids, saponins, alkaloids,
anthocyanins, tannins, and polyphenolic
compounds (Rolnik et al., 2020; Harith et al.,
2018).

Pumpkins are rich in vitamins, o, p, y-carotene,
lutein, violaxanthin, and neoxanthin, as well as
amino acids and proteins that have antifungal
activities (Mukherjee et al., 2022; Zaharie et
al., 2022).

The fruits peel of Cucurbita sp. contains
macroelements (Figure 1), microelements
(Figure 2) and nutrients such as proteins,
carbohydrates, and lipids (Figures 3-4).



Macroelements content in the peels of Cucurbita moschata
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Figure 1. Macronutrient content in C. moschata peels
(adapted after Salehi et al., 2019)
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Figure 2. Micronutrient content in C. moschata peels
(adapted after Salehi et al., 2019)
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Figure 3. Nutrients content in C. moschata peels
(adapted after Salehi et al., 2019)
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Figure 4. Nutrients content in C. maxima peels (adapted
after Salehi et al., 2019)

Cucurbita maxima (pumpkin) is an important
source of vitamin A (Ragasa and Lim, 2005;
Bawara et al., 2010; Abou-Zaid et al., 2001); B
vitamins (thiamine, riboflavin, niacin, folic
acid), C, D, F, E vitamins are also found in the
fruits of other species of Cucurbitaceae, such as
Lagenaria siceraria, Trichosanthes cucumerina
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(snake squash) (Shah and Seth, 2010;
Adebooye, 2008), Coccinia indica (ivy gourd)
(Sachin and Trisa, 2018). Other plants
belonging to the Cucurbitaceae family, such as
Cucurbita maxima  (pumpkin),  Luffa
acutangula (angled loofah, Chinese Okra)
contain small amounts of vitamin K and E
(Avinash and Rai, 2017). Chemical substances
possessing  insecticidal and  antibacterial
properties are prevalent in these species
(Rajasree et al., 2016; Yadav et al., 2010;
Jamuna et al, 2015). Studies have
demonstrated that the whole extract functions
better than the individual compounds, while the
exact mechanisms of action remain unclear
(Salehi et al., 2019). In a study by Cheong et al.
(1997) it was demonstrated that the 8 kDa
molecular mass protein derived from Cucurbita
moschata has antifungal properties in vivo.
Experiments conducted in vitro using a protein
extracted from this species, known as the PR-5
protein, demonstrated that it strongly
suppresses the growth of Candida albicans and
Fusarium oxysporum (Ramalhete et al., 2011).
The methanolic extract of Citrullus lanatus
peels (Harith et al., 2018) inhibited the
development of some microorganisms such as
S. epidermidis and T. mentagrophytes, at
concentrations of 20 mg extract/mL. The
extracts derived from multiple varieties of
pumpkins demonstrated antimicrobial activity
against the intestinal flagellate parasite Giardia
lamblia and microorganisms of the types of
Staphylococcus — aureus, Bacillus  subtilis,
Escherichia coli, Proteus vulgaris,
Pseudomonas aeruginosa, Salmonella spp. or
Klebsiella spp., and Vibrio cholerae (Table 1).
According to research of Salehi and colab.
(Salehi et al., 2019), the pumpkin peel extracts
show  antifungal action  against the
microorganisms such us: Fusarium sp.,
Trichoderm sp., Aspergillus sp., Verticillium
sp., Phytophora sp., Botrytis sp., Candida sp.,
and Saccharomyces.



Table 1. Biological effects of bioproducts obtained from pumpkin fruits and/or peels

Cucurbita spp. Plant part Solvent Biological effect Microorganism/cell line References
Cucurbita moschata acetone antimicrobial Aspergillus fumigatus Elhadi et al., 2013
Duchesne, crude proteins Aspergillus parasiticus
obtained from peels Aspergillus niger, Staphylococcus
aureus
Bacillus subtilis; Klebsiella
pneumoniae
Pseudomonas aeruginosa; E. coli
Cucurbita maxima petroleum ether | vermifuge Giardia lamblia Muruganantham et al.,
Duchesne, pulp and methanol 2016
Cucurbita maxima aqueous antimicrobial E.coli; Pseudomonas sp., Vibrio Kabbashi et al., 2014
Duchesne, peels cholerae
Cucurbita moschata antitumoral Standardized human tumor cell Feng et al., 2019
lines: Hela, HCT-8, HepG-2
antitumoral Standardized type tumor cell lines: | Hou et al., 2008
K562, B16, A549
antidiabetic Asian patients with diabetes Salehi et al., 2019
mellitus
antifungal Fusarium oxysporum; Candida Cheong et al., 1997
antiproliferative, albicans Abdel-Rahman, 2006;
antiulcer Gill etal., 2011
Cucurbita ficifolia (pulp) antidiabetic and Male rats Xia si Wang, 2007
antioxidant
treatment for type 2 | Hyperglycemic rabbits Roman-Ramos et al.,
diabetes 1992; Acosta-Patino et
al., 2001
Cucurbita andreana antitumoral, anti- Jayaprakasam et al., 2003
inflammatory
EXTRACTION METHODS OF Sun protection factor for different extracts of peels pumpkin

BIOACTIVE COMPOUNDS FROM
CUCURBITA SP. PEELS

According to Kulczynski et al. (2020), ideal
extraction techniques typically involve a mass
ratio of dry plant to solvent of 1:10, a maxi-
mum temperature of 70°C, and an extraction
duration of two hours.

Pumpkin peel extracts that may be utilized
straight into cosmetic formulations can be
produced by using an ecological extraction
process and "green solvents" aqueous solutions
(Figure 5), aqueous solution of propylene
glycol 20% (Figure 6), or aqueous solution of
ethanol 70% (Figure 7).

Investigations performed in vitro on normal
standardized human cell lines (keratinocytes),
have demonstrated that extracts of this kind do
not exhibit cytotoxicity at concentrations below
1000 pg/mL.

Given their high flavonoid content, notable
antioxidant activity, and promising sun
protection factor, the aqueous extracts were the
most promising (Gawet-Beben et al., 2022;
Indrianingsih et al., 2019).
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(aqueous extract; extract concentration: 1mgfmL]

Cusornia moschata var Nelsen
Cueurbiamoschata var Butermut

Cucurbitz mexi

Cucwbiz mexina var Hoblaidh Cucarbia mosthata var, Muscat

Figure 5. The sun protection factor for aqueous extracts
obtained from peels of different pumpkin varieties
(crude extract concentration = 1 mg/mL) (adapted from
Gawet-Beben et al., 2022)

Sun protection fator for diffevent extracts of peels pumpkin
(propylene glycol 20%; extract concentration: img/mL)

Cacundits maxim var Hotlaido

Cucurdito moschato var, Neson

Cuaurbita moxiva vor Holoween Cucurbita moschato vor, Muscat Cuarbita moschoia var. Butenot

Figure 6. The sun protection factor for aqueous extracts
of propylene glycol obtained from peels of different
varieties of pumpkins (extract concentration = 1
mg/mL) (adapted from Gawel-Beben et al., 2022)




PHYTOCOMPOUNDS HIGHLIGHTED IN
DIFFERENT PUMPKIN VARIETIES

Cucurbita sp. seeds contain 50% oil, primarily
linoleic and oleic acid, and are rich in polyun-
saturated fatty acids, oleic acid, linoleic acid,
stearic acid, and myristic acid. Volatile oils are
present in trace amounts in the fruit pulp of
Benincasa hispida, commonly referred to as
wax gourd or winter melon (Al-Snafi, 2013).
Sugars, resins, crude fibers, free acids, carote-
noids, lutein and zeaxanthin, stereos, and toco-
pherol are also present (Avinash and Rai, 2017).

Polyphenolic compounds are a significant
class of phytocompounds. Pumpkin peels can
be used to make biopreparations rich in these
chemical compounds. Depending on the type of
pumpkin used and the extraction solvent
(aqueous  solutions, ethanolic  solutions,
aqueous propylene glycol solutions), different
extraction yields can be obtained (Figures 8-10)
(Gawel-Baben et al., 2022, Radu et al., 2010).

Sun pratection factor for different extracts of peels pumpkin

{ethanol 70%; extract concentration: Lmg/mL]

Cuzurvia maschoto var. Neison Coaurita masim var, Hokkaido
Curwrbita moxima var Halloween Cucurbita moschatavar. Butrerut

Cucurvit moschota vor. Muscot

Figure 7. The sun protection factor for aqueous ethanol
extracts obtained from peels of different pumpkin
varieties (crude extract concentration = 1 mg/mL)

(adapted from Gawet-Beben et al., 2022)

Content of the polyphenolic compounds in the aqueous extracts of peels, obtained from different varieties of pumpkins.

Cucurbita mexima var. Hokdaido

Cucurbit mexim var Halloween
Cucurhita moschafa var. Butfernut

Cucurbita moschaa var. Muscat Cucubits moscha var Nelson

Figure 8. The content of total polyphenols in the
aqueous extracts obtained from the peels of different
pumpkin varieties (adapted from Gawel-Baben, 2022)

If the extraction is carried out by green
methods (Sharma et al., 2021), using corn oil as
an extraction solvent, and if it is assisted by
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ultrasound or microwaves, the content of
polyphenols in the extracts obtained in the oil
increases significantly. These studies report
concentrations between 535-588 mg GAE/g
extract, when using vegetable oil as a solvent,
under action of microwaves or ultrasound
(Sharma et al., 2021).

Content of the polyphenolic compounds in the propylene glycol (20%) extracts of peels, obtained from
different varieties of pumpkins
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Figure 9. The content of total polyphenols in the
aqueous extracts of propylene glycol
obtained from the peels of different pumpkin varieties
(adapted from Gawel-Baben, 2022)

Content of the polyphenolic compounds in the ethanol (70%) extracts of peels, obtained from
different varieties of pumkins
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Figure 10. Content of total polyphenols in the extracts
obtained from the peels of different pumpkin varieties
(adapted from Gawel-Baben, 2022)

Nandhini and Sheeba (2020) highlighted the

formation of silver nanomaterials using
aqueous extracts from the peels of two
pumpkin species (Cucurbita sp. and T.

cucumerina var. anguila). The aqueous extract
was obtained from 20 g of dried pumpkin peels,
which were boiled with 100 mL of water for 10
minutes, after which the resulting solution was
cooled and filtered. By treating the clear filtrate
with AgNO;3 (10 mL of aqueous pumpkin peel
extract + 90 mL of 1 mM AgNOs solution),
silver nanoparticles (AgNPs) are obtained after
a 20-minute maturation. After a series of
distilled water washes, the newly formed
nanomaterials are centrifuged at 1500 rpm, and
the pellets are then kept at -4°C. Testing the
antibacterial activity of the two types of
nanomaterials revealed effects on all tested



bacterial strains; the best results being obtained
for S. aureus (inhibition diameter = 15.5 mm)
in the case of AgNPs phytosynthesized with
aqueous extract of Tricosanthes cucumerina
(Figure 11) and respectively for Pseudomonas
aeruginosa in the case of AgNPs phytosynthe-
sized with aqueous extract of Cucurbita sp.
(Figure 12). Soltani and colab. (Soltani et al.,
2021) highlighted antitumor effects for AgNps
obtained with ethanolic extracts from ground
dry peels of T. cucumerina.

Antimicrobial activities of Ag NPs obtained from Trichosanthes cucumerina peels extract

Figure 11. Antimicrobial activity of AgNPs
obtained from Trichosanthes cucumerina var anguina
(adapted from Nandhini & Sheeba, 2020)

The extract was obtained by mixing for 2 hours
10 grams of dried and ground pumpkin peels
with 100 mL of 70% ethanol (aqueous
solution). After the separation of the two
phases, the alcohol is removed from the clear
solution under vacuum, in a rotary evaporator,
this way obtaining crude extract from pumpkin
peels. If the clear alcoholic extract is treated
with AgNO3 (30 cm clear alcoholic extract +70
cmc AgNOs ImM added in drops), a

Effect of the ethanolic extract of T. cucumerina var. anguina
(ripened fruit) on MCF-7 cell lines

Viability, %

0 pg/mL

2 pg/mL 10 pg/mL 50 pg/mL 250 pg/mL

a

suspension containing AgNPs is obtained after
24 h of maturation in the dark.

Antimicrobial activities of Ag NPs obtained from Cucurbita sp. peels extract

Figure 12. Antimicrobial activity of AgNPs
obtained from Cucurbita sp.
(adapted from Nandhini & Sheeba, 2020)

The obtained results showed that the crude
extracts obtained from the peels of T.
cucumerina var. anguina in 70% ethanol have
cytotoxic effects both on MCF-7 tumor cells
and on normal HUVEC type cells (Figure 13 a,
b). In contrast, in the case of phytosynthesized
nanoparticles with ethanolic extracts from 7.
cucumerina peels, optimal results are obtained
for a concentration of AgNPs of 50 ng/mL, for
which the tumor cell viabilities reaches 34.67%
and the viability of the normal cells = 70,64%.
The use of higher concentrations of AgNps
results in the destruction of tumor cells in a
proportion of about 82% (cytotoxicity =
82.2%) but also of normal cells, in a proportion
of about 70% (cytotoxicity = 69.8%) (Figure 14
a, b).

Effect of the ethanolic extract of 7. cucumerina var. anguina
(ripened fruit) on HUVEC cell lines
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Figure 13. The antitumor activity of the ethanolic extract obtained from 7. cucumerina:
a) the effect of the crude extract on the standardized cell line MCF-7; b) the effect of the crude extract
on the standardized HUVEC cell line (adapted from Soltani et al., 2021)
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Effect of the AgNPs obtained from ethanolic extract of T. cucumerina var
anguina (ripened fruit) on MCF-7 cell lines

Viability, %

17,n1

2pg/mL
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Effect of the AgNPs obtained from ethanolic extract of T. cucumerina var
anguina (ripened fruit) on HUVEC cell lines
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Figure 14. Antitumor activity of AgNPs obtained from T. cucumerina peels: a) the effect of AgNPs on the
standardized cell line MCF-7; b) the effect of AgNPs on the HUVEC cell line (adapted from Soltani et al., 2021)

Studies performed by Kaval and colab (Kaval
et al., 2024) indicate that an aqueous extract
made from Cucurbita moschata dry peels can
be used as a starting point in the production of
gold nanoparticles (AuNPs). It is important to
highlight that the material was ground and
allowed to dry at ambient temperature. At
50°C, the extraction process was conducted
using distilled water and a mass ratio of 1: 3 for
the plant to solvent. After passing the solution
through 45 microm membranes, the filtrate was
heated for 15 minutes at t = 50°C and treated
with an Au®" solution (250 mL Au®" 0.01M
solution + 750 mL plant extract). After 15
minutes, the heating was stopped, and after
about 1 hour the solution changed color from
yellow to red. The resulting suspension was
centrifuged at 15000 rpm and the resulting
pellets were dried at 85°C, cooled, ground, and
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C.albicans
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stored in sealed tubes at 4°C. In this way,
nanomaterials with gold were obtained, with a
size of about 21.2 nm, containing 30% Au and
56.6% C. Phytosynthesized gold nanomaterials
have antimicrobial effects for E. coli (MIC =
0.64 pg/mL), S. aureus (MIC = 0.25 pg/mL)
and C. albicans (MIC = 0128 pg/mL) (Figure
15 a-b) (Kaval et al., 2024). Cytotoxicity tests
performed with these materials on normal
standardized human cell lines type HUVEC
and respectively on standardized human tumor
cell lines Sk-Ov-3, A549, CaCo-2 showed that
they are cytotoxic for the HUVEC line (IC50 =
44.6pg/mL), have average cytotoxicity for the
Sk-Ov-3, A549 type tumor cell lines and do not
show cytotoxicity for the CaCo-2 type tumor
cell line (Figure 15 d-g) (Kaval et al., 2024;
Ciric et al., 2023).
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Triterpenoids. One important feature of plants
in the Cucurbitaceae family is the presence the
triterpenoids compounds type
cucurbitacins.The cucurbitacins consists of a
tetracyclic cucurbitan core with a variety of
oxygenated functional groups. Cucurbitacins
A-T are among the twelve groups of
cucurbitacins non-glycosylated or glycosylated.
Different degrees of unsaturation and the
presence of several keto, hydroxy, and acetoxy
groups are the characteristics of cucurbitacins
structural (Chen et al., 2005; Rajasree et al.,
2016; Saboo et al.,, 2013; Montesano et al.,
2018; Kaushik et al. 2018). The highest
concentrations of curcubitacins are found in
mature fruits; the lowest concentrations are
found in seeds (Saboo et al., 2013; Kaushik et
al., 2015). These compounds are typically
harmful, but at the proper dosage, they exhibit
beneficial qualities, particularly those related to
anti-inflammatory effects, which make them
helpful in the treatment of autoimmune
disorders. According to Bartalis and Halaweish
(2005), the degree of hydrophobicity of
cucurbitacins grows linearly and is a primary

y = 79.668e000%%
R*=0.4159

Concentration, pg/mL

Figure 15. Biological activities of AuNps
phytosynthesized with pumpkin peel extract:
a) antimicrobian effect of AuNP;

b) antimicrobial effect of antibiotic reagent;
¢) antimicrobial effect of Au** raw material;
d) antitumor effect on the HUVEC cell line;
¢) antitumor effect on the Sk-Ov-3 cell line;
f) antitumor effect on the A549 cell line;

g) antitumor effect on the CaCo-2 cell line
(data adapted after Kaval et al., 2024)

regulator of their cytotoxic effects. For
cucurbitacins type B and E, therapeutic
properties have been highlighted and currently
these compounds are used in clinical trials
(Rajasree et al. 2016; Saboo et al., 2013;
Montesano et al., 2018; Kaushik et al. 2018).
Cucurbitacin E and its glycosidic forms are the
most abundant chemical constituents in plants
of the Cucurbitaceae family (Dhiman et al,
2012). Chanda and colab., (Chanda et al., 2019)
used HPLC techniques to study the fruits of the
following plants: Lagenaria siceraria (gourd),
Benincasa hispida (wax pumpkin), Momordica
charantia (bitter cucumber), Coccinia grandis
(ivy gourd), and Luffa acutangula (cucumber
sponge/loofah with edges) and found in these
Cucurbitacin E. Studies conducted in vitro and
in vivo have demonstrated the anti-
inflammatory, anti-angiogenesis,
immunomodulatory, cytotoxic, cytostatic, and
hepatoprotective properties of cucurbitacins
(Attard and Cuschieri, 2004 ). In the Table 2
are described some cucurbitacins and their
biological activity.
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Table 2. Types of cucurbitacins and their biological activities

Cucurbitacin Molecular structure Varieties Biological properties References
Cucurbitacin B Glycosidic form Cucurbitaceae Antitumor (prostate cancer, Miro, 1995; Kausar et al., 2013;
dihydrocucurbitacin small cell lung cancer), Wang et al., 2014; Ma J. et al.,
Dihydroiso-cucurbitacin Inflammatory, 2014;
isocucurbitacin B Hepatoprotective, Gao etal., 2014; Sun et al.,
Synergistic effect in the 2015; Mukherjee et all, 2019.
presence of cucurmin
(activates the occurrence of
apoptosis) for liver tumor
Cucurbitacin D Glycosidic form Cucurbitaceae antiproliferative activity, Chen et al., 2005; Abbas et al.,
dihydrocucurbitacin D cytotoxic activity, 2013; Kuetal., 2015
deoxycucurbitacin D induces cell cycle arrest and
epi-isocucurbitacin D apoptosis in breast carcinoma
cells
Cucurbitacin E Glycosidic form Ecballium Neuroprotective, anti- Miro, 1995; Yoshikawa et al.,
dihydrocucurbitacin E elaterium, inflammatory, antipyretic, 2007; Lan et al., 2013; Abbas et

dihydroisocucurbitacin E
isocucurbitacin E

Coccinia grandis

anti-tumor (breast cancer),
anti-allergic, anthelmintic,
purgative activity

al., 2013; Arel-Dubeau et al.,
2014; Abdelkhalek et al., 2017;
Lu etal., 2017; Chanda et al.,
2020

Cucurbitacin F dihydrocucrbitacin F,
hexanorcucurbitacin F,
oxocucurbitacin F si forma
glucozidica;

23, Dihydro si 15-oxo
cucurbitacin F (3),
15-0x0-23, 24-dihydro
cucurbitacin F

used in traditional Chinese
medicine,
anti-HIV activity

Konoshima et al., 1994,
Chen et al., 2005

Cucurbitacin I

cytotoxic activity,
antitumor activity,
chemotherapy adjuvant agent

Abbas et al., 2013;
Johnson et al., 2013

Khekadaengosides D, (Spinosides A) antitumor activity Mukherjee si colab., 2022

Deoxycucrbitacin

glycoside (Spinosides A)

Cucurbitacin L, or J or K | brydioside A No therapeutic activity Mukherjee si colab., 2022
bryoamaride

Carotenoids. Most plants from Cucurbitaceae
family are rich in carotenoids. Over 700
carotenoids occur naturally, but only 50 can be
absorbed, metabolized, and used by the human
body with health benefits. In Cucurbitaceae,
they occur as a-carotene, B-carotene, lutein,
zeaxanthin (Montesano et al., 2018; Durante et
al., 2014). The total carotenoid content of
Cucurbita moschata varies from 234.21 to
404.98 mg/g dried fruit. The carotenoid content
is often higher in the peel than in the pulp. For
example, in Cucurbita moschata the carotenoid
content is 10 times higher in the peel than in
the pulp (Salehi et al., 2019). In the peels of
several varieties of pumpkins derived from C.
maxima and C. moschata, grown in Umbria
Italy, Pinna and colab. (Pinna et al., 2023)
highlighted the existence of compounds such as
beta carotene (Figure 16), non-esterified caro-
tenoid compounds (Figure 17) such as o-
carotene, [-carotene, lutein, zeaxanthin,
violaxanthin  and  esterified carotenoids
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compounds (Figure 18) (Bunea et al., 2014).
The studies carried out by Sharma et al.
(Sharma et al.,, 2021) on two varieties of
Cucurbita maxima, demonstrated that the
extraction yield of carotenoid compounds from
peels can increase by 100% when using green
extraction methods (Figure 19), compared to
the variant in which extraction is carried out
with organic solvent. The concentration of
carotenoids was estimated spectrophoto-
metrically, with the relation (1) (Sharma et al.,
2021):

Ax1000000
= 2000x100xd M
2000x100xd

C =mg/Kg oil; D = thickness of the tub
(usually 1 cm)

C

In the green extractions methods studied by
Sharma et al. (Sharma et al., 2021) corn oil was
used as the extraction agent and the extraction
process was assisted by microwaves or




Content of nonesterified carotenoids

ultrasound. In this way, the extraction yield of . Inhe pec of variows pumpiin vareties
polyphenolic compounds can increase by
200%, and the color and oxidation stability of
biopreparations  enriched in  carotenoid
compounds is greatly improved (Figure 20 a,
b). These processes are particularly
recommended for specific applications in the
food or cosmetic industry.
The studies performed by Gawel-Bgben and
colab. (Gawet-Beben et al., 2022) demonstrated
that active principles from crude extracts Figure 17. The content of non-esterified
otained from the peels of various varieties of caroten.oids in peels from diffe_rent varieties of
. . Cucurbita sp. (adapted from Pinna et al., 2023;
pumpkin (Cucurbita spp.) could be used Bunea et al., 2014)
directly in  dermato-cosmetic  bioproduct '
forrnulation. Content of esterified carotenolds

in the peels of various pumpkin varieties

Content of B -carotene
in the peels of various pumpkin varieties

Figure 18. The content of non-esterified carotenoids
in peels from different varieties of Cucurbita sp.
(adapted from Pinna et al., 2023; Bunea et al.,
2014)

Figure 16. The content of beta 3 carotene in peels
from different varieties of Cucurbita sp. (adapted
from Pinna et al., 2023; Bunea et al., 2014)

Extraction process influence on final carotenoid concentration in oil

36

ug carotenoids in/g oil

Cmvarl U Cmvarl_M Cmwvar2_U Cmvar2_M Cmvarl_C Cmvar2_C

Figure 19. The effect of the extraction process on the content of carotenoid compounds in the final solvent (corn
oil) (adapted from Sharma et al., 2021)

(Legend: C.m. var.1_U= carotenoids obtained from peels of C. maxima var. Gold nugget, by extraction in corn oil, assisted by ultrasound;
C.m.var.1_M = carotenoids obtained from peels of C. maxima var. Gold nugget, by extraction in corn oil, assisted by microwaves; c.m.
var.l_C=carotenoids obtained from peels of C. maxima var. Gold nugget, by extraction with organic solvents; c.m. var.2_U=carotenoids
obtained from peels of C. maxima var. Amoro, by extraction in corn oil, assisted by) ultrasound; c.m. var.2_M= carotenoids obtained from
peels of C. maxima var. Amoro, by extraction in corn oil, assisted by microwaves; c.m. var.2_C= carotenoids obtained from peels of
C. maxima var. Amoro, by extraction with organic solvents)
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The colour difference between oils with carotenoid compounds
recovered from the peels of two Cucurbita maxima varieties
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a

The protection factor at the oxidation for carotenoid
compounds recovered in oil from the peels of two Cucurbita
maxima varieties

C.mwvarl U
1,85

18 1,81
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Figure 20. The effect of the extraction process, on the color difference (AE) and stability at oixidation of

bioproducts obtained in corn oil (adapted from Sharma et al., 2021)
(Legend: C.m. var.1_U= carotenoids obtained from peels of C. maxima var. Gold nugget, by extraction in corn oil, assisted by ultrasound;
C.m.var.]_M= carotenoids obtained from peels of C. maxima var. Gold nugget, by extraction in corn oil, assisted by microwaves; c.m.
var.l_C=carotenoids obtained from peels of C. maxima var. Gold nugget, by extraction with organic solvents; c.m. var.2_ U=carotenoids
obtained from peels of C. maxima var. Amoro, by extraction in corn oil, assisted by ultrasound; c.m. var.2_M=carotenoids obtained from
peels of C. maxima var. Amoro, by extraction in corn oil, assisted by microwaves; c.m. var.2_C= carotenoids obtained from peels of C.

maxima var.Amoro, by extraction with organic solvents)

CONCLUSIONS

The by-products resulting from the processing
of Cucurbitaceae fruits (such as the peels)
represent a valuable source of raw materials,
due to their content in alkaloids, polyphenolic
compounds, terpenoids, saponins or carotenoid
compounds.

In general, by extraction in aqueous medium or
by extraction with organic solvents such as
alcohols (ethanol, methanol), acetone, n-
hexane, water, propylene glycol, from fresh or
dry peels, bioproducts with an antibacterial (S.
aureus and E. coli) , and antifungal effect (C.
albicans, Fusarium solani, P. chrysogenum,
C. gloeosporioides - anthracnose) can be
obtained.

Extracts in ethanol or propylene glycol may
contain carotenoid compounds, but the most
advantageous methods of extracting them from
cucurbit peels are green methods, in which are
used as solvents vegetable oils, and the
extraction process is intensified by microwaves
or ultrasounds, In this case the bioproducts
obtained may contain simple carotenoids of
type o or [ carotene, lutein, zeaxanthin,
violaxanthin, or esterified carotenoids. The
bioproducts obtained by green extraction
methods have a sun protection factors between
(1-7) and can be used directly in the cosmetic
formulations.
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