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1. INTRODUCTION

ABSTRACT

Opuntia ficus-indica peels contain a number of active substances.
Bioactive secondary metabolites have effective role in the
maintenance of health and the treatment of some common
disorders. The chemical composition showed moisture
(6.78+0.065), total protein (4.78+0.030), fats (0.9+£0.010), total ash
(10.49+0.233), total carbohydrates (50.12+0.045), and crude fiber
(26.93+0.025) on the dry weight. Total phenolics in the methanolic
and ethanolic extracts of Opuntia ficus indica peels were
(292.9+0.0198) and (165.6+0.0553) mg GAE/100 g, while total
flavonoids were (20.39 £0.0031) and (11.39+0.0346) mg QE/100g,
respectively. Antioxidant activity in the methanolic extract was
(79.100+0.005), while in the ethanolic extract it was
(35.09£0.003). Using HPLC analysis, identification of thirteen
phenolic compounds were: Chlorogenic acid, Catechin, Methyl
gallate, Coffeic acid, Pyro catechol, Coumaric acid, Ferulic acid,
Naringenin, Daidzein and Querectin. While the highest
concenterations were Pyro catechol and Catechin which have
concentrations 60.36 pg/ml and 58.47ug/ml respectively.
LC/MS/MS analysis identified the main phenolic compounds
(5peaks) in opuntia peel ethanolic extract as piscidic, eucomic,
malic, iso-rhamnetin and behenic acid.

KEYWORDS: Opuntia ficus indica, HPLC analysis, LC/MS/MS
analysis and Antioxidant

potential that might be helpful in the treatment

Antioxidants are substances that,
presented in low concentrations compared to
easy oxididated compounds that can be slow
down and/or stop its oxidation. Li et al., (2006).
Regular cell reinforcements, which are bountiful
in numerous food sources and restorative plants,
have an exceptional free revolutionary searching
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of oxidative pressure. El Tanbouly et al., (2017).
The development of new therapeutic agents is
anticipated to be aided by the consumption of
vegetables and fruits which identified as rich
sources of bioactive phenolic compounds that
must be ingested over the course of a lifetime in
a balanced diet. Mata et al., (2016). Opuntia
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ficus-indica which known as cactus pear and
prickly pear. Barba et al., (2017). In family
Cactaceae. El-Hawary et al.,(2020). One of the
first fruit crops to adapt to a variety of soil
conditions, it is also regarded as one of
important cactus specie in agricultural field. In
different conditions (dry and semi-arid
conditions). opuntia can be cultivated and
grown. Daniloski et al., (2022). Many food
products, including jam, drinks, nectars, and
candies, are made from processed opuntia fruit.
Its peels, which made up roughly 30% of the
weight of the fruit and were recognized as an
agricultural industrial waste, Melgar et al.,
(2017). Around 45% to 50% of the weight of this
fruit is made up of its skin. According to
previous results, annually, millions of kilograms
of fruit peels are thrown away, which are
disposal and causing environmental problems.
Elkady et al., (2020 (. In Egypt, prickly pear peel
production amounts to about 58,344 tonnes
annually Ali et al., (2022). Opuntia peels can be
consumed or utilised as functional food material
to increase their health value for people and
animals. Oniszczuk et al .,(2020).

In several countries folk remedy is
among the uses of, opuntia ficus indica, to treat
wound edoema, burns, and dyspepsia. Its
alcoholic extracts contain antibacterial, anti-
inflammatory, and hypoglycemic activities,
according to data from numerous investigations.
Also, historically, diabetics have been treated
with the stem of the prickly pear cactus.(Tilahun
and Welegerima, 2018).

The prickly pear peel contains nutrients
with high nutritional value, including flavonoids
and phenolics that are frequently used in
pharmaceutical and food industries.. Prickly
pear peels, which are regarded as vegetable
waste, can be used to extract a significant
quantity of bioactive components like vitamin
C, and dietary fibre (Anaberta et al., (2011)
(Jiménez-Aguilar et al., 2015) and (Shimaa et
al., (2022). It is considered healthy compounds,
lowering the risk of illnesses including diabetes,
cancer, and inflammation, among others
(Dillard and German, 2000). Nevertheless, the
agronomic  techniques  cultivar  factors,
environmental and climatic circumstances may
have an impact on the distribution of bioactive
molecules such as the characteristics of
chemicals of food items like fruit and peels of
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Opuntia pear. (Moussa-Ayoub et al., 2014).
Therefore, this study investigated the phenolic
compound profile by HPLC and LC/MS/MS
analysis in the ethanolic extract of O.ficus indica
peels and antioxidant activity present in both
ethanolic and methanolic extracts as well as
their chemical composition.

2. MATERIALS AND METHODS

2.1. Materials

O.ficus indica fruits were obtained from
a supermarket in Benha city. Peels were
separated, washed, cut into smaller pieces and
dried at room temperature and ground into fine
powder for extraction.

2.2. Preparation of extracts

Each fine powder of peels
(100 g) was mixed with different solvent ethanol
—methanol 80%, 1:10 ratio (w/v) at room
ambient for 3 weeks and mixed gently every day
by steering. (Abou-Elella and Ali. 2014).

2.3. Analytical methods

(A.O.AC, (2019) used for
determination of ash, total lipids, crude protein,
and moisture.

Determination of total carbohydrates

The concentration of total carbohydrates
was determined according to DuBoiset al.,
(1956).

Determination of total phenolic.

Total phenol analysis was carried out
according to the method of Muntana and
Prasong, (2010). Using spectrometry method

Determination of Total flavonoid.

Total flavonoid analysis was achieved
by the method of Tandoro et al., (2020).

Determination of antioxidant activity by
DPPH:

Antixidant activity in opuntia ficus
indica peels ethanolic extract was measured by
Tandoro et al., (2020). Percentage of antioxidant
activity of free radical DPPH was calculated as
follows:

%

Antioxidant activity (inhibition)
[(Acontrol - Asample) /Acontrol] x 100
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Where Acontrol 1S the absorbance of the control
reaction and Asample IS the absorbance in the plant
extract.

HPLC analysis

Separation of phenols and flavonoids in
ethanolic extract of O.ficus indica peel, was
carried out by Verma et al. (2011).

LC/MS/MS analysis

we used (4000 QTRAPLC-MS/MS)
method for detection of phenolic compounds in
O.ficus indica peels ethanolic extraction. The
LC/MS optimization was performed by direct
infusion with the Pump HARVARD
APPARATUS11PLUSat. The flow-rate of was
0.1 mL/min. with mobile phase contains of
Water: Methanol: formic acid (50:50:0.1 v/v/v).

3. RESULT AND DISCUSSION

3.1.Chemical composition of O. ficus indica
peels

The chemical composition of O. ficus
indica peels were determined and reported in
Table (1). The peels contain moisture 6.78
9/100g, protein (4.78 g/100g), fats (0.9 g/100g),
ash (10.49 @/100g), carbohydrates (50.12
9/100g ) and Crude fiber( 26.93 g/100g) dry
bases. Current results are agreement with
(Kossori et al., (1998) and (Mahfouz and Abd-
Elnoor., (2020). The chemical composition in
O.ficus indica peels were observed Based on
their dried weight by EI-Said et al., (2011).
(18.50%) moisture, (4.5%) crude protein, (8%)
total ash, (4.9%) crude fibre, and (81.5%) total
solid,respectively.

Table 1. Chemical composition of opuntia peels (mean +SD)

Components Contents(g/100g)

Moisture 6.78+0.065

Crude Protein 4.78+0.030

Total Lipids 0.9+0.010

Ash 10.49+0.233

Crude fiber 26.93+0.025

Total Carbohydrates 50.12+0.045

3.2.Total Phenolic, Total flavonoids  Abou-Elella and Ali (2014), Aparicio-

compounds and Antioxidant activity of
O.ficus indica peels extracts.

Table (2) showed that ethanolic extracts
of opuntia peels was 21.35%, while methanolic
extract yield was 25.815% while, contents of
phenolics opuntia peel methanol extract were
2929 and ethanolic extract were 165.6
(mgGAE/100g(.While, Total flavonoids in
methanolic extract were 20.39 and ethanolic
extract were 11.39 (mgQE/100g(. Antioxidant
activity in the methanolic extract was 79.100 %
while,The ethanolic extract was 35.09%, .our
results are in agreement with those reported by

Fernandez et al., (2018) and Nabil et al., (2020)
extract yields of Fruit pulp ranged from 0.64 to
40.76%, whereas extract yields of peel ranged
from 0.80 to 37.60%. The highest TPC was
detected through dry/freeze peel methanol
extracts, at 17.59 and 16.51 mg GAE/qg,
respectively. (Aruwa et al., (2019) Peels of O.
ficus-indica exhibit substantial phenolic content
variation. The type of phenolic component that
extracts include, as well as variations in the
processing techniques and solvents employed,
may all be related to variations in TPC. (Chavez-
Santoscoy et al., 2009).

Table 2. Total phenolics, total flavonoids and antioxidant activities of opuntia ficus indica peels

extract
Parameters Methanol extract Ethanol extract
Yields (w/w)% 25.815+0.100 21.35+0.157
Total polyphenols (mg GAE /100g) 292.9+0.0198 165.6+£0.0553
Total Flavonoids (mg QE /100g) 20.39 +0.0031 11.39+0.0346
Antioxidant activity(%o) by DPPH 79.10++0.005 35.09+0.003

Value are mean of three replicates + standard deviation (n = 3).
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3.3. Identification of some phenolic and
flavonoid components of opuntia ficus

indica peel Ethanolic extract by HPLC:

Phenols are one of the most significant
plant chemicals because of their capacity to
scavenge free radicals and because they contain
hydroxyl groups Heim et al., (2002) and Abou-
Zaid et al., (2022).( Table 3, table 4)and figerl
shows the separation and identification of
thirteen phenolic compounds were Chlorogenic
acid (3.32ug/ml), Catechin (58.47ug/ml),
Methyl gallate (2.83 pg/ml), Coffeic acid (1.29
pg/ml ), Pyro catechol ( 60.36 pg/ml ),
Coumaric acid (13.48 pg/ml), Ferulic acid
(52.78 pg/ml), Naringenin (2.27 pg/ml),
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Daidzein(0.17 pg/ml ), Querectin (6,83 pug/ml),
Cinnamic acid (0.32 pg/ml), Apigenin (0..77
pg/ml) and Hesperetin (0.34 pg/ml ).by Abou-
Zaid et al ., (2022), who found that Chlorogenic
acid (ranging from 56.44 to 60.91 pg/ml),
Catechin (ranging from 79.12 to 97.04) pg/ml ,
Methyl gallate (ranging from 2.50t02.80 pg/ml),
Coffeic acid ( ranging from 4.10 to 3.72 ) pg/ml
, Pyro catechol (22.05-22.50) pg/ml, Coumaric
acid (ranging from 2.75 to 3.01) pg/ml, Ferulic
acid(21.01t023.99 ) pg/ml, Naringenin (ranging
from 15.80 to 20.55) pg/ml, Daidzein (ranging
from 3.05t03.35 pg/ml ), Querectin (ranging
from 0.80 to 0.10) pg/ml and Cinnamic acid
(ranging from 0.22 to 0.05) pg/ml)

Ref=off (PP 17-11-2022 2022-11-17 12-23-551002-0201.0)

Fig 1. HPLC analysis profile of Opuntia ficus-indica peels of ethanolic extract.
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Table 3. Phenolic compounds of O.ficus indica peels ethanolic extract analyzed by HPLC.

Phenolic Concentraton
structure References
compounds (Mg/ml)
HQ CO.H
O
HO"I \.\_’/ /L\j’/ . /\.‘;\\-\
Chlorogenic acid S Py 3.32 Abou-Zaid et al .,2022
~F O
OH
0
HO N oH El-Mostafa et
Coffeic acid 1.29 al.,(2014)and Belhad;j
HO Slimen et al .,(2020)
o
HO. O/
Methyl gallate HO 2.83 Abou-Zaid et al .,2022
OH
* g
0 x El-Mostafa et
Ferulic acid O/VMOH >2.78 al.,(2014)and Belhadj
HO Slimen et al .,(2020)
0
. . N Aruwa et al .,(2019)and
OH
Coumaric acid /g\)( 13.48 Belhadj Slimen et al
HO .(2020)
(@]
—
Pyro catechol ©/\)LOH 60.36 Abou-Zaid et al .,2022
T
. .. Belhadj Slimen et al
Cinnamic acid oM 0.32 (2020)
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Table 4. flavonids compounds of O.ficus indica peels ethanolic extract analyzed by HPLC.

Flavonid compounds Concentraton References
structure (ng/ml)
OH
Catechin ”Om‘ Lo 58.47  Abou-Zaid etal .,2022
Cn OH
- o Belhadj Slimen et al.,
Naringenin T 2.27 (2017) and Belhadj Slimen
et al .,(2020)
Daidzein T 0.17 Abou-Zaid et al .,2022
Querectin I 6.83 El-Mostafa et al.,(2014)
Apigenin T . 0.77 Abou-Zaid et al .,2022
A .
Hesperetin NO @( 0.34 Abou-Zaid et al .,2022

3.4.LC/MS/MS Analysis

Because of its higher sensitivity, durability,
and increased sample molecular weight range
made possible by the creation of multiple
charged ions, commonly used LC-MS ionisation
method. Seemann et al ., (2015). The results in
Figure 3 confirmed that O.ficus indica peels
extracts have a significant number of phenolic
compounds. The LC/MS/MS detected phenolic
(5 peaks) in O.ficus indica peels extracts as
piscidic , Eucomic, Iso Rhamnetin, Behenic and
malic acid The compounds’ precursor—product
ion pairs (quantification transitions) were
discovered to be m/z (179.0,177.0,149.1) —
(193.3,179.1,165.3)-114.8 and(178.9, 239.0,
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255.1 ,269.3), respectively. These fragments
were also observed by Aruwa et al., (2018),
Garcia-Cayuela et al., 2019 and El-Hawary et
al., (2022), found that opuntia peels extract have
Eucomic, piscidic, malic and Iso Rhamnetin.
Piscidic acid, along with eucomic acid, was the
predominant phenolic found in the prickly pear
pulp and peel of opuntia ficus indica, and it was
the most prevalent among phenolic acids found
in the peels. Da Silveira Agostini-Costa et
al.(2022). Recently, piscidic acid derivatives
have shown in vitro neuroprotective properties.
Petruk et al., (2018). Cladodes and peels have a
sour flavour because of malic acid. (Wiberg et
al., (1996).
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Fig 2. Product ion spectra and the main fragmentation pathway of [M + H]- for malic acid (A),
pisidic acid (B), behenic acid (C), Iso Rhamnetin( (D), and eucomic acid (E)

4. CONCLUSION.

The ethanolic extract of opuntia ficus
indica peels is valuable source of bioactive
compounds, including piscidic , eucomic, malic,
iso-rhamnetin ~ and  behenic acid  were
investigated by LC/MS/MS analysis In addition
to, some phenolic and flavonoid compounds
were identified by HPLC analysis, were
Chlorogenic acid (3.32 pg/ml), Catechin
(58.47ug/ml), Methyl gallate (2.83 pg/ml ),
Coffeic acid (1.29 pg/ml ), Pyro catechol( 60.36
pg/ml ), Coumaric acid (13.48 pg/ml), Ferulic
acid (52.78 pg/ml), Naringenin ( 2.27 pg/ml ),
Daidzein (0.17 pg/ml), Querectin ( 6,83 pg/ml),
Cinnamic acid (0.32 pg/ml) , Apigenin (0..77
pg/ml) and Hesperetin (0.34 pg/ml ) and It also
contains a high of crude fiber (26.93 ), which
indicates the significance of opuntia ficus indica
peels .

5. REFERENCE

(A.O.A.C. (2019). Official methods of analysis
of Analytical "18 th"ED. Association of
Official Analytical Chemists,
Gaithersburg, Maryland, U.S.A.

Abou-Elella, F. M., and Ali, R. F. M. (2014).
Antioxidant and anticancer activities of
different constituents extracted from
Egyptian prickly pear Cactus (Opuntia
Ficus-Indica) Peel. Biochem Anal
Biochem., 3(158).

Abou-Zaid, F. O., Ahmed, F., and Zedan, A.
E. H. 1. (2022). Using of Prickly Pear

72

(Opuntia Spp.) Fruit Juice and Peels in
Cookies Production. Alexandria Science
Exchange Journal, 43(2), 239-248.
K., Mahmoud, S. M., EI-Masry, S. S.,
Alkhalifah, D. H. M., Hozzein, W. N.,
and Aboel-Ainin, M. A. (2022).
Phytochemical screening and
characterization of the antioxidant, anti-
proliferative and antibacterial effects of
different extracts of Opuntia ficus-indica
peel. Journal of King Saud Unive-
Sci., 34(7), 102216
Anaberta, C. M., Cristian, J. M and
Georgina, S. (2011). Revalorization of
cactus pear (Opuntia spp.) wastes as a
source of antioxidants. Ciéncia e
Tecnologia de Alimentos, 31(3), 782-
788
APricio-Fernandez, X., Vega-Ahuatzin, A.,
Ochoa-Velasco, C. E., Cid-Pérez, S.,
Hernandez-Carranza, P., and Auvila-
Sosa, R. (2018). Physical and
antioxidant characterization of edible
films added with red prickly pear
(Opuntia ficus-indica L.) cv. San Martin
peel and/or its aqueous extracts. Food
and Bioprocess Technol., 11, 368-379.
Aruwa, C. E., Amoo, S. O., and Kudanga, T.
(2018). Opuntia (Cactaceae) plant
compounds, biological activities and
prospects—A comprehensive
review. Food Research
International, 112, 328-344.

Ali, S.



Samar K. Abdel Wahab et al.., 2023

Aruwa, C. E., Amoo, S., and Kudanga, T.
(2019). Phenolic compound profile and
biological activities of Southern African
Opuntia ficus-indica fruit pulp and
peels. Lwt, 111, 337-344.

Barba, F.J., Putnik, P., Bursac” Kovac“evic’,
D., Poojary, M.M., Roohinejad, S.,
Lorenzo, J. M and Koubaa, M.,
(2017). Impact of conventional and non-
conventional processing on prickly pear
(Opuntia spp.) and their derived
products:  From  preservation  of
beverages to valorization of by-products.
Trends Food Sci. Technol., 67, 260-270

Belhadj Slimen 1, Chaabane H, Chaar H,
Mabrouk M, Najar T, Aounallah MK,
Abderrabba M  (2020) Bioactive
molecules and pigments in cladodes,
fruits and peels of Tunisian Opuntia
ficus-indica f. inermis. J Anim Plant Sci
45:7944-796

Belhadj Slimen I, Mabrouk M, Hanene C,
Najar T, Abderrabba M (2017) LC-MS
analysis of phenolic acids, flavonoids
and betanin from spineless Opuntia
ficus-indica fruits. Cell Biol 5:17-28

Chavez-Santoscoy, R. A., Gutierrez-Uribe, J.
A., and Serna- Saldivar, S.O. (2009).

Phenolic  composition,  antioxidant
capacity and in vitro cancer cell
cytotoxicity of nine prickly pear

(Opuntia spp.) juices. Plant Foods for
Human Nutrition, 64, 146-152.

Da Silveira Agostini-Costa, T. (2022). Genetic
and environment effects on bioactive
compounds of Opuntia cacti-a
review. Journal of Food Composition
and Analysis, 104514,

Daniloski, D., D'cunha, N. M., Speer, H.,
McKune, A. J., Alexopoulos, N.,
Panagiotakos, D. B.,and Naumovski,
N. (2022). Recent developments on
Opuntia  spp., their bioactive
composition, nutritional values, and
health effects. Food Bioscience, 101665.

Dillard, C., and German, B. (2000).
Phytochemicals:  Nutraceuticals and
human health. J. of the Sci. of Food and
Agriculture, 80, 1744-1756

DuBois, M., Gilles, K. A., Hamilton, J. K.,
Rebers, P. T., and Smith, F. (1956).
Colorimetric method for determination

73

of sugars and related
substances. Analytical chemistry, 28(3),
350-356

El Tanbouly, N., El Sayed, A.M., Ali, Z.Y.,
Abdel Wahab, S., El Gayed, S.H., Ezzat,
S.M., El Senousy, A.S., Choucry, M.A.,
Abdel-Sattar, E., 2017. Antidepressant-
like effect of selected Egyptian cultivars
of flaxseed oil on a rodent model of
postpartum depression. Evidence Based
Complement. Alternative Med. 2017.
https://doi. org/10.1155/2017/6405789

El-Hawary, S. S., Sobeh, M., Badr, W. K.,
Abdelfattan, M. A., Ali, Z. Y., EI-
Tantawy, M. E., and Wink, M. (2020).
HPLC-PDA-MS/MS  profiling  of
secondary metabolites from Opuntia
ficus-indica cladode, peel and fruit pulp

extracts and  their  antioxidant,
neuroprotective effect in rats with
aluminum chloride induced

neurotoxicity. Saudi J. of Biological
Sci., 27(10), 2829-2838.

Elkady, W. M., Bishr, M. M., Abdel-Aziz, M.
M.,and Salama, O. M. (2020).
Identification and isolation of anti-
pneumonia bioactive compounds from
Opuntia ficus-indica fruit waste peels.
Food & function, 11(6), 5275-5283.

El-Mostafa K, ElI Kharrassi Y, Badreddine A,
Andreoletti P, Vamecq J, ElI Kebbaj MS,
Latruffe N, Lizard G, Nasser B,
Cherkaoui-Malki M (2014) Nopal cactus
(Opuntia ficuslindica) as a source of
bioactive compounds for nutrition,
health  and  disease. = Molecules
19:14879-14901

El-Said, N. M., Nagib, A. I., Rahman, Z. A.,
and Deraz, S. F. (2011). Prickly pear
[Opuntia ficus-indica (L.) Mill] peels:
chemical composition, nutritional value,
and protective effects on liver and
kidney functions and cholesterol in
rats. Functional plant science and
biotechnology, 5(1), 30-35.

Garcia-Cayuela, T., Goémez-Maqueo, A.,
Guajardo-Flores, D., Welti-Chanes, J.,

and Cano, M. P. (2019).
Characterization and quantification of
individual  betalain and phenolic

compounds in Mexican and Spanish
prickly pear (Opuntia ficus-indica L.



Scientific Journal of Agricultural Sciences 5 (2): 65-75, 2023

Mill) tissues: A comparative
study. Journal of Food Composition and
Analysis, 76, 1-13.

Heim, K.E., A.R. Taigliaferro and D.J.
Bobilya. 2002. Flavonoid antioxidants:
chemistry, metabolism and structure-
activity relationships. J. Nut. Biochem.,
13: 572- 584.

Jiménez-Aguilar, D. M., Lépez-Martinez, J.
M., Herndndez-Brenes, C., Gutiérrez-
Uribe, J. A.,and Welti-Chanes, J. (2015).
Dietary fiber, phytochemical
composition and antioxidant activity of
Mexican commercial varieties of cactus
pear. J.of Food Composition and
Analysis, 41, 66-73.

Kossori, E., Lamghari, R., Villaume, C., El
Boustani, E., Sauvaire, Y., and
Méjean, L. (1998). Composition of
pulp, skin and seeds of prickly pears fruit
(Opuntia ficus indica sp.). Plant Foods
for Human Nutri., 52(3), 263-270.

Li, Y., Guo, C., Yang, J., Wei, J., Xu, J., and
Cheng, S. (2006). Evaluation of
antioxidant properties of pomegranate
peel extract in comparison with
pomegranate  pulp extract. Food
chemistry, 96(2), 254-260.

Mahfouz, M., and Abd-Elnoor, A.V (2020).
Housewives' knowledges and practices
of utilizing prickly pear peels and its use
in fortifying some bakery products (cake
and biscuits): an applied study. , 36(2),
163-199.

Mata, A., Ferreira, J. P., Semedo, C., Serra, T.,
Duarte, C. M. M., and Bronze, M. R.
(2016). Contribution to the
characterization of Opuntia spp. juices
by LC-DAD-ESI-MS/MS.  Food
Chemistry, 210, 558-565.

Melgar, B., Inés, M., Ciric, A., Sokovic, M.,
Garcia-Castello, E. M., Rodriguez-
Lopez, A. D., andFerreira, 1. (2017).
By-product recovery of Opuntia spp.
peels: Betalainic and phenolic profiles
and bioactive properties. Industrial
Crops and Products, 107, 353-359.

Moussa-Ayoub, T. E., El-Hady, E. S. A. A,
Omran, H. T., EI-Samahy, S. K., Kroh,
L. W.,and Rohn, S. (2014). Influence of
cultivar and origin on the flavonol
profile of fruits and cladodes from cactus

74

Opuntia ficus-indica. Food Research
International, 64, 864-872.

Muntana N, S Prasong. (2010). Study on total

phenolic contents and their antioxidant

activities of thai white, red, and black

rice bran extracts. Pak J Biol Sci 2010;

13:170-4.,

B., Ouaabou, R., Ouhammou, M.,

Essaadouni, L., and Mahrouz, M.

(2020). Functional properties,

antioxidant activity, and organoleptic

quality of novel biscuit produced by

Moroccan Cladode flour “Opuntia ficus-

indica”. J. of Food Quality.

Oniszczuk, A., Wojtowicz, A., Oniszczuk, T.,
Matwijczuk, A., Dib, A., and Markut-
Miotla, E. (2020). Opuntia fruits as food
enriching ingredient, the first step
towards new  functional food
products. Molecules, 25(4), 916.

Petruk, G., Giudice, R.D., Rigano, M.M,,
Monti, D.M., 2018. Antioxidants from
plants protect against skin photoaging.
Oxid. Med. Cell. Longevity 11,
1454936. https://
doi.org/10.1155/2018/1454936.

Seemann, B., Alon, T., Tsizin, S., Fialkov, A.
B., and Amirav, A. (2015). Electron
ionization LC-MS with supersonic
molecular beams—the new concept,
benefits and applications. Journal of
Mass Spectrometry, 50(11), 1252-1263.

Shimaa, K. A., Mahmoud, S. M., EI-Masry, S.
S., Alkhalifah, D. H. M., Hozzein, W.
N., and Aboel-Ainin, M. A (2020).
Phytochemical screening and
characterization of the antioxidant, anti-
proliferative and antibacterial effects of
different extracts of Opuntia ficus-indica
peel.

Tandoro, Y., Widyawati, P. S., Budianta, T.
D. W, and Sumargo, G. (2020).
Phytochemical  identification  and
antioxidant activity of passiflora foetida
fruits and leaves extracts: A comparative
study. International J. of Pharmacy and
Pharmaceutical Sci., 12(6), 55-58.

Tilahun, Y., and Welegerima, G. (2018).
Pharmacological potential of cactus pear
(Opuntia ficus Indica): A review. J. of
Pharmacognosy and Phytochemi., 7(3),
1360-1363.

Nabil,



Samar K. Abdel Wahab et al.., 2023

Wiberg KB, Ochterski J, Streitwieser A carboxylic acids. J Am Chem Soc
(1996) Origin of the acidity of enols and 118:291-829
o sad) (addal)

S il gdd B sasY) cilabiaag Alladll cilig€all Chuags
G9la dgana (b g (Graadl pud) dllae (lagllae (5d jan
s = gy dnala — del)l A — Gaeh3l) gl laas o

e 5 4l dnall Sl (e waal) Ll s Aalgll s0SY) Calimay LN (e Wlgines 4nie (Sodll ol 58
O )Y Cihamsslls £VA sigls TYA sshall a lalsine (IS8 Calall il (el le ol 3gl el (a5l
SIS YAY, 4 Ja cilS Jotisal) paldioaall adSH il oo 5 LS ) 4,29 Slaglly ¢, Canlly YT,47 Gl
bl Japdtl) s il 11,78 Il Yo P s clS Jditiadl paliiall classdlill Ly )10,1
adaidlss dalgll 52uSY) Caline o pmns o il 5 LS %10, 04 gl aldteall Law %Y, v e sl
haaliny <Yl diay ling iy (oSl dalgll SLS5al) 038 (pag AN (aliianal Ll 3y gilag I Jal
Al Allad Sl e o) N ALYl ¢ nsglly clanally (unlSly LASly J5SISy plly il lagasSll
L agilog KU Jaill (pe dBag dpclion SS) ey (s3llg 4B Cililaos 353l Bl iagilag Sl Jdatll adalsy
O U Lae Sl Jls SlasSlly (offiagans 515 ILaly Sligg) Gmes aDIA G e Capill 3 1 LSl pan chns

- agehally dge Liall YLl b gl (e ) L) s alladl) LSl (e el 4ie (Ssdl) (il 8
353l Bl ihagilog I Jail) oaSY) Clalime | Blad) ilasileg Sl Qubatlly | Ssal) oyl :dalial) cilalg)

Al Cililaas

75



