Al dgkal jRagal) 4y i o) Ay ) sgaal)

PEOPLE’S DEMOCRATIC REPUBLIC OF ALGERIA
alll Gia) g Mall anda) 35155
MINISTRYOF HIGHER EDUCATION AND SCIENTIFIC RESEARCH
sl g dagall o gle A4S (g g0l B AY) daala
Brothers Mentouri, Constantinel University - Faculty of Life and Natural Sciences
A 3 5 2 5131 L sl 5 2 gl s Laasll aud
Department of Biochemistry, Molecular and Cellular Biology
Thesis submitted for Master Degree in Natural and Life sciences

Feild: Biochemistry

Titled:

Phytochemical study and biological applications of
Opuntia ficus-indica as an anti-aging agent.

Presented by: On: / /2021

GHARSELLAH Khaoula
BOUKAOUS Racha El Bahaa

Examination board:

President: Moussawi Samira (MCB - UFM Constantine 1).
Supervisor: MOUAS T. Nardjes (MCA - UFM Constantine 1).

Examiner: LEMOUI Radouane (MCB — UFM Constantine 1).

2020/2021



PEOPLE’S DEMOCRATIC REPUBLIC OF ALGERIA

alad) Gl g Alad) asdail) 3 ) 3 g
MINISTRYOF HIGHER EDUCATION AND SCIENTIFIC RESEARCH
3Lall g dagdall agle 40 5 giia 3 21 daaly

R o
R ppenio®

Brothers Mentouri, Constantinel University - Faculty of Life and Natural Sciences
4 all g A slad) L 5l gl 9 45 gl plaassl) audd
Department of Biochemistry, Molecular and Cellular Biology
Thesis submitted for Master Degree in Natural and Life sciences

Feild: Biochemistry

Titled:

Phytochemical study and biological applications of
Opuntia ficus-indica as an anti-aging agent.

Presented by: Oon: [/ /2021

GHARSELLAH Khaoula
BOUKAOUS Racha El Bahaa

Examination board:

President: Moussawi Samira (MCB - UFM Constantine 1).
Supervisor: MOUAS T. Nardjes (MCA - UFM Constantine 1).

Examiner : LEMOUI Radouane (MCB — UFM Constantine 1).

2020/2021



ACKNOWLEDGMENTS:

In the name of Allah SWT, the Most Gracious and the Most Merciful. All praises to
Allah and His blessing for the completion of this work.

We would like to acknowledge our indebtedness and render our warmest thanks to our
supervisor, Professor Dr. T. Nardjes MOUAS, who made this work possible. Her friendly
guidance and expert advice have been invaluable throughout all stages of the work. We express
our gratitude to her, for all the time she has devoted to us, for providing us with the
methodological tools essential to the conduct of this research exercise. Our gratitude for her is

beyond measure for giving us her trust.

We would like to thank the eminent professors, members of the jury who agreed to give
their time to examine, discuss and exchange opinions on our subject, through their rich and

valuable experiences.

We cannot forget to have a glance at all our teachers from kindergarten whose priceless

teachings lead us to this day.



DEDICATION:

I want to dedicate this humble work to those I love, my dear.
Family , my father Elarbi and my mother Boufrioua
Roukaia who were always supporting me to give the best I
can , without forgetting my sisters Lynda , Assia , Kamillia
,Leila and my brother Mouhammed , those who I love and I
appreciate their offering of positive energies .

I dedicate this work and give special thanks to my best friend
Khaoula.

A special wink to my beloved nephew Mounib also
Rouaa, Layen and Miral.

Racha @



DEDICATION:

I dedicate my dissertation work to my family and
many friends. A special feeling of gratitude to my
lovely parents, Houda and Saleh whose words of
encouragement and push for tenacity ring in my ears.

My sisters Sarah, Raitha, my brother Amine have
never left my side and they are very special.

I also dedicate this dissertation to all my friends who

have supported me throughout the process especially
Racha.

A special thanks to my cousins Mohammed and
Ranim @

Khaoula @



SUMARY

LISTE OF FIGURES .ottt nccncac e enecacnenenns

I S I O L N = ] I N

LISTE OF ABREVIATIONS...uttiiiiiiiiiiiiiiiiiiiiiiiiiieiiiceieiitneecacnenesacncnanaes

INTRODUCTION. . ttttitiiiiiiiiiiiiiiiiiiiititittietieitietiecseesttecsassccrecscsscssssscscsssnes 1

BIBLIOGRAPHIC PART

Chapter I: Dermocosmetics and Opuntia ficus-indica.

L HUMEN SKIN Lottt ettt e te e sreente e e e eneenbeenaesneenreas 3
1.1.1 ClasSification Of SKIN tYPES ......ccviiiiiecie ettt st sre s 3
1.1.2 SKiN agiNg QN0 CAUSES ......ecveivieiecieiteeite st ste et ste et ste et e s e steestessaesseesseeneesneebesnnesreas 4
1.2 Definition of dermOCOSMELICS. .......oiviiiiiiisieieee e 4
1.3 Development of new techniques in COSMELIC reSEarch ..........ccccevveieiie v cie e, 4
1.4 Development of dermocosmetics formulations ..............cccoeoeieeii e 5
1.5 The use of Opuntia ficus-indica in dermoCoSMELIC..........cccoeiieiicie i, 5
1.5.1 Production of Moisturizers and hydration products ............c.ccocerirenienene e 5
1.5.2 COSMELIC NANOBMUISTONS ....c.vveiieiieiiieie ettt eneesne e e eneenneas 6
1.5.3 Incorporation of prickly pear seed oil in the encapsulation of vitamin A...................... 7

Chapter Il : Generalities about Opuntia ficus-indica

[1.1 Morphology of Opuntia fICUS-INGICA .........cccoriiiiiiiee e 9
O ] =T TP PO P U RO U U PTPROPPPRURRPRS 9
[1.1.2 CIAAOUES ...ttt bbbttt bbb bbb 10
T L3 IO ...t bbbt bbbttt b e bbbt 10
T L FTUIL ottt b bbbt e bbb bbb n e 11

[1.1.5 SO ...t 13



11.2 Origine and diStrubItION .........c.coiiiiiic e 14

11.3 Taxonomic classfication of Opuntia ficuS-INAICA ............ccccviiiiiiiiei e 14
I1.4 Terminology and nomenclature of Opuntia ficus-INdiCa ...........cccccevereiininiiicee 14
11.5 Cactus in nutrition and prevention of diSEASES ..........ccovreririieiieieiee e 16
11.5.1 Source of natural COIOTaNES ...........ccoiiiiiiiiii s 16
11.5.2 Flower source of nutritional ComMPOUNGS ..........ccooieieriiieniiieeeee e, 17
11.5.3 Cladodes source of dietary fIDEr ... 17
11.5.4 Medical relevence of Cactus COMPOUNGS .........ccuiieieiierieniinie e, 18
11.5.5 Healing experimentally induces gastric mucosa UICEr ..........ccovevvereiieeieese e, 18

Chapter I11: Biochemical analysis

111.1 Quantification of total phenolics content............c.cccoeii i, 20
THE.2 DPPH @SSAY ...eiiiiiiiiiie ettt sttt e et nbt et e et e e e e nnneeennes 20
FHE.3 ABT S @SSAY ..viiiiiiiiiiiie ettt ettt sttt e et e e snb e nab e e e bt e e e bb e e s e e e enbeeennseeennes 21
111.4 Antioxidant capacity test by copper reduction (CUPRAQC) ......ccccccvivevieveccieceennen, 22

EXPERIMENTAL PART

Chapter | : Materials and methods

.1 IMIBEETTALS ...ttt bbbttt 24
.11 PIANT MALETTALS ..o bbb 24
[.1.2 Laboratory QUIPIMENT .........oiiiiiieieiesie sttt s 24
1.2. MEthOdS OF STUAY ..o bbb 25
1.2.1. Preparation of plant SAMPIES...........ooiiiiiiie e 25
1.2.2. Maceration of plant SAMPIES ......ccvieiiiii e 25
1.2.3. Evaporation (CONCENTIAtION) .......ccueiiiiieieiie ittt sne e 26

L.2.4. DIULION 26



1.3 Quantification of the total phenolic CONteNt ...........c.coo i 27

1.4 Biological aCtiVities @NalYSIS .......cc.eiieiiiiiiieiieie e 27
[.4.1 DPPH @SSAY.....ceiiiiiiiiiie ittt n e 27
[.4.2 ABTS trapPiNg @SSAY .....eoververueeiieieeressestestestesie st et e ee s st bbbt e e e e b nbe b sbe e ane e e 28
1.4.3 The antioxidant capacity assay by copper reduction (CUPRAC) .......cccccvviiniiiinnennn, 30

Chapter Il : Results and discussion

1.1 QUANTITATIVE ANAIYSIS .. .oviiieiiieiiee e 32
11.2 Total phenolic content and diSCUSSION .........ccoviiiiiiriiniiireseeeeee e 32
11.3 Evaluation of biological aCtIVITIES ..........cccciiiiiiiiei s 35
11.3.1 DPPH free radical scarvening assay result and diSCUSSION ..........cccccocviriiiniennenn. 35
11.3.1.1 Comparaison With Previous WOTK...........cociiiiiiiiiiii i 38
11.3.1.2 Correlation between DPPH assay and total phenolic content .............ccccooiviiiinnnen, 40
11.3.2 The ABTS activity assay results and diSCUSSION ............ccccveiriiiiiinencnieceee 40
11.3.2.1 Comparaison With Previous WOTK ..........cccccveiiiiiieeie e 43
11.3.3 The copper reduction (CUPRAC) activity assay results and discussion ................ 43

11.3.4 Comparison between the three antioxidant activities: ABTS , DPPH and

CUPR A ettt b et e b et ekt e e a bt e e bt e et e e be e e b e e nnreanreenree s 47
CoNnclusion and PEISPECTIVES. .. .. .ottt e 48
Bibliographical FeferenCes .........ouiiriii e 51
Appendices

Abstracts



List of figures

Figure 1: The 3 layers of the skin: epidermis, dermis, and hypodermis. ..........ccccccevcvrivrreennnnn. 3
Figure 2: Opuntia ficus-indiCa PIANT..........cccooiiiiiiiie e 8
Figure 3: Opuntia ficus-indica Cladodes ...........cccoveiiiiiiieie e 9
Figure 4: Opuntia ficus-indica fIOWEN ...........ccooviiiiecece e 11
Figure 5: Opuntia ficus-INdICa FrUIT ..........oooiiiiiiiie e 11
Figure 6: wet seeds in fruit of Opuntia fiCuS-INAICA .........ccooeiiriiiiiiiee e 13
Figure 7: World distribution of Opuntia ficuS-iNdiCa ............cccveiiieiieii i, 14
Figure 8: General structure of betalamic acid (a), betacyanins (b) and betaxanthins (c)........ 16
Figure 9: Chemical structure of indicaxanthin pigment determined by HPLC extracted from

OPUNTIA TIUITS . bbbttt ettt b bbbt 17
Figure 10: Healing rate evolution of the ulcerated areas during the five days postulcer

induction in the different experimental groupPS. .........cccovveiicieieeie e 19
Figure 11: DPPH?e radical transformation into DPPH............c.ccooiiiiiiiiii e 20
Figure 12: Graphique montrant le changement de la couleur du DPPH du violet au jaune ... 21
Figure 13: Formation and trapping of the ABTS°+ radical by an H° donor antioxidant........ 21
Figure 14: Reduction of the chromogenic complex of Cu + 2-NC.......ccccoevveveiiiciiccecienn, 22
Figure 15: Methods of Study ProtOCOL. ..........cccoiiiiriiiie e 25
Figure 16: Preparation of the mother solution & the dilution range. ..........cccccocvviiiicennn, 26
Figure 17: Total phenolic Content protoCoL. ...........ccucoieiiiieiice e 27
Figure 18: DPPH experimental protoCOL............ccccviviiieiiiic e 28
Figure 19: Diagram of the ABTS °+ trapping activity protocol ............ccecenerenieiininicnenn, 29
Figure 20: ABTS experimental ProtoCol. ..........ccuiiiiiiiiiieiei s 29
Figure 21: CUPRAC Test protocol diagram. .........ccccueeiieiiiiiieiie s 30
Figure 22: Calibration curve of Gallic acid (ug GAE/MG DE ) .....coooveiiiiiiieeceeee s 32
Figure 23: Total phenolic compounds content expressed in ug GAE/mg of content (DE). ... 33
Figure 24: Absorbance of the DPPH activity for the four extracts and the BHA. .................. 37
Figure 25: 1C50 values of the four extracts and BHA for DPPH assay. ..........cccccoevevvevnnnne. 37
Figure 26: Absorbance of the ABTS assay for the different extracts and the BHA. .............. 42
Figure 27: 1C50 values of the four extracts and the BHA in ABTS activity. ..........cccccveuennen. 46
Figure 28: Absorbance of the CUPRAC assay for the four extracts and the BHA. ............... 46
Figure 29: A 0.5 values of the four extracts and the BHA for the CUPRAC activity........... 47



List of table

Table 1: Nanoemulsion COMPOSITIONS .........ccviirieiiiieieiesie e 7
Table 2: Antioxidant and phytochemicalS Cactus Pear. ...........ccocvvvrieierencienc e, 12
Table 3: Distribution and contents of sterols in Opuntia ficus indica fruit including pulp and

] (| PSSR PR PRSP 12
Table 4: Distribution and contents of sterols in Opuntia ficus-indica fruit including seed .... 13
Table 5: Total phenolic content in the fOUr EXIraCtS..........cccveiieiiiiiiee e 33
Table 6: TPC preceding results 0f OF L. ........ccov i 34
Table 7: Antioxidant activity by the DPPH SCAVENQING aSSAY. ......c.ccvverveieeieeriesiesreesieseesnens 36
Table 8: 1IC50 DPPH comparison preceding results of OF ..., 38
Table 9: Antioxidant activity measured by the ABTS @SSaY........cccovrerenereninineniseeiee, 41
Table 10: ABTS values in different scientific articles. ...........ccoovvvviiinn i, 44

Table 11: Antioxidant activity measured by the CUPRAC aSSay. ........ccccovevvervesieseeniesnennens 45



LIST OF ABREVEIATIONS:

A05 Absorbance at 0,5 pg/mL
ABTS 2,2-azinobis 3-ethyl benzothriazolin -6-
sulfonic acid
Abs Absorbance.
CUPRAC Cuprac ion reducing antioxidant capacity
DF Dietary fibers
DPPH 1,1-Diphenyl-2-pic-ryl-hydrazyl (DPPH)
DE Dry Extract.
GAE Gallic Acid Equivalent
HPLC High Performance Liquid Chromatography
IC50 The half maximal inhibitory
concentration
In vivo Within a living organism
NLCs Nanostructured Lipid Carriers
SLNs Solid lipid nanoparticles
OFHE Opuntia ficus hexane extracts
OFI Opuntia ficus indica
PP Prickly Pears
NO Nitric oxide
ROS Reactive oxygen spices

TPC Total Phenolic Content




&«/{e/‘a/ mlroduclion



General introduction.

Introduction:

Nobody can escape from aging, although “Wrinkled, sagging skin is not the inevitable
result of getting older. It’s a disease, and you can fight it” Nicholas Perriconea prominent
American dermatologist (Gerald.E et al), we can fight the process of aging by natural cosmetic
products based on natural ingredients from medicinal plants as prickly pears instead of
chemical compounds like synthetic antioxidants (BHA , BHT...) which could be harmful on
the skin in long term.

The world of cosmetics is characterized by a constant search for new compounds
which are able of satisfy customer demands and high expectations. The worldwide economic
success of cosmetic argan oil has encouraged the search for other oil seeds, which present
sufficiently similar chemical profile as prickly pear oil seeds, which is currently receiving a lot
of attention and cactus oil has only recently entered the cosmetic market and in the future cactus
seeds can be a substitute for argan oil as an ingredient in cosmetic products of antiaging
(Ciriminna et al., 2017; Guillaume et al., 2015). Economically, cactus seeds that have been
simply considered as waste for years, now contain the "most expensive oil in the world"
with market prices possibly reaching 500 €/L vs 120 €/L for argan oil, which previously
held this title. In addition, prickly pear plant is ubiquitous on the contrary; argan is specific in
Morocco (S. Gharby et al, .2021).

Currently, prickly pears have long neglected, now it is the subject of many scientific
research around the world. Apart from oil, which is the most expensive in the world, due to the
richness of trace elements, amino acids, therefore cell regeneration, anti-aging, Nopal have
many pharmacological properties that are still being exploited and studied (Benattia, 2017).
Opuntia ficus-indica communally known as prickly or cactus pear, belong to the cactaceae
family are originated from Central America (Mexico); it is a tropical and subtropical plant that
grows in arid and semi-arid climates. The different part of this plant are rich in bioactive
compounds especially antioxidant ones that are effective in many fields such as cosmetic,

medicine , industry (pigments) and nutrition (El-Mostafa et al, 2014).

The demand for natural antioxidants is increasing day by day, and consumers becoming
more conscious; so they demand more natural sources in cosmetics and food (Aditya S et al,
2020).

In the frame of valorization of OFI, there is important benefits in different parts of it:



General introduction.

This study aims to valorize different parts of OFI as natural sources in different fields and

demonstrate their biological activities.
The first part divided in three chapters, the first one is about:

Chapter one: generalities about skin and aging, dermocosmetic based on natural extracts
of OFI.

Chapter two: generalities, taxonomy, origin and biological activities of OFI.
Chapter three: biochemical analysis principals
The second part represents the experimental part contains two chapters:

Chapter one: describe the experimental and all technics and methods used for

biochemical study which includes extraction, colometric assay and antioxidants activities.
Chapter two: a phytochemical study, which discuss results of biological activities.

The third part represents the conclusion and perspectives about valorization of OFI.
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Bibliographic part Chapter 1: Dermocosmetics and Opuntia ficus-indica.

1.1 Human skin:

Human skin is the largest epithelial surface with a weight and surface in the order, of
about 4kg and 1.8 m?, 15% of the total body weight in adult humans. It is the widest organ in
the organism. The constitution is approximately the same on the whole body, but still exist
variations especially concerning the thickness, components and the way, variety of the
implantation of appendices, theses varieties provides a perfect adaptation (Khavkin, J et al.,
2011, Barel, A. O., 2014).

Skin is organized into 3 layers: the epidermis, thedermis, and the hypodermis (Fig. 1).

Epidermis—{_ "

Dermis

Hypodermis -

Figure 1: The3 layers of the skin: epidermis, dermis, and hypodermis (Khavkin, J et al.,
2011).

1.1.1 Classification skin types:

There are different classifications have been proposed, they all privilege specific criteria,
which leads to four mains types: normal skin, dry skin, oily skin and mixed skin, this criteria is
based on the feeling not the causes (Barel, A. O., 2014).

e Normal skin:

There is no definition to normal skin contrary to the other types, simply it is not dry or
even oily or mixed and no more pathological skin. There is a very thin protective epithelium
that constitutes the epidermis. It plays the main part in protecting the organism against external
aggressions assured by the cohesion between epithelium cells and keratinocytes. The latters
migrate from the dermo epidermal junction to the skin surface caused by desmosomes. At

3



Bibliographic part Chapter 1: Dermocosmetics and Opuntia ficus-indica.

cosmological level, we must be content with a less strong definition and considernormal skin
as a young skin, structurally and functionally balanced and requiring no careapart from those

necessary for its cleaning(Barel, A. O., 2014)..
1.1.2 SKin aging and causes:

All living organisms are programmed for aging, nobody can escape from it.

In human begins, aging is a physiological process corresponding to progressive homeostatic
capacity of the body systems. However, it is evident that the process develop differently among
individuals of the same age. In any given subject, senescence is heterogeneous among organs
and among their constitutive tissues, cells, and subcellular structures. In addition, the process
is different between individuals and even between organs, cells and tissues.

Many in vitro studies showed that the age of any tissue depends on the behavior of skin-derived
cells and aging problem is even more complex and sever in cases where the skin has lost its
protective mechanical roles (Barel, A. O., 2014).

There are two main processes that induce skin aging: extrinsic and intrinsic caused by
extrinsic and intrinsic factors. Extrinsic factors are: sun which is responsible of photo aging
also the air, these two factors are related to the environment, unhealthy food and smoking
accelerate the process of aging. Intrinsic factors are related to genetics, and biological
modifications: physiological, histological and biochemical ones. Mechanisms for aging skin
include the actions of reactive oxygen species (ROS), mtDNA mutations, and telomere

shortening, as well as hormonal changes (Tobin, D. J.,2017).
1.2 Definition of dermocosmetics:

Dermocosmetics is a science which is now a branch of dermatology using cosmetics of
different skin disorders to preserve the aesthic appearance of the skin by using them for
ameliorate photo protection dry or aged skin, inflammatory skin, illnesses like acne, rosacea,
dermatitis nail or hair developed regulating in ways comparable to those of medicinal products
and now these products are important for the dermatologists (dreno., 2014).

1.3 Development of new techniques in cosmetic research:

The cosmetics industry developed many techniques used in research of cosmetics for
understanding the normal physiology of skin , hair and nail after that lot of these techniques
become basic methods used for inventing and evaluate new products as an example the

principal of photostable sunscreens which was logged to dermatology by cosmetics research

4
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Bibliographic part Chapter 1: Dermocosmetics and Opuntia ficus-indica.

and worldwide, mandatory testing now exists with decided standards for assessing the

photostability of UVA and UVB sunscreens along with their safety and efficacy .

Most of dermocosmetics ingredients are passed in vitro for measuring their specific effect
on protein and gene expression .then finished products are assessed through non-invasive in

vivo techniques.
I.4 Development of dermocosmetic formulation:

The goal of developing a cosmetic formulation from solid pestes to emulations moreover
aqueous lotions is to guarantee that its active ingredient are bioavaible and stable on skin of the
user without messing the role of maintain the required physical chemical also microbial quality

standards when stocked under appropriate conditions .

For achieving the appropriate equilibrium between the skin delivery and bioavaibility of
active ingredients we use the identification also the final formulation of product should ensure
the long-term stability up to three years.

1.5 The use of Opuntia ficus-indica in dermocosmetic:

1.5.1 Production of Moisturizers and hydration products:

The plant of OFI is too famous and has a big scienceconomic importance to the semiarid
region because of its Cladodes which contain (80-90%) of water and carbohydrates (3-7%) are
galacturonic acid glucose rhamnoose, arabinose, more over phenolic components like
kaempherol and quercetin.

The cosmetic industry made those corposants as moisturizers also as anti-aging products.
These moisturizers are not curative but preventive cosmetic products against xerosis and
delaying of premature ageing without missing their dermatological role in wide variety of skin
disorders.

Furthermore, ruin evaporation of skin moisture by made an epiculaneous lipoic film that

stopped the water loss.

Moisturizers has also occlusive mechanism ,the activation of hydration can be also made
by moisturizing that’s happen if re-hydratate the stratum corneun and forming aquaporin which
are transmembrane proteins form water channels and facilitate water flux through the cell

plasma membrane (Deters,2012).
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Polysaccharide fraction in Cladodes powder have the ability of the mucilage fraction to
fix the dermal tissues with the made of physical barrier on the skin and deep hydration,
(Missaoui, 2020).

1.5.2 Cosmetic Nanoemulsions:

Nanoemulsions are attractive systems for using in the cosmetics, pharmaceutical, food
and other industries up to their low amount of surfactant, higher stability against coalescence,
lack of toxicity or irritant characteristics, low viscosity, good appearance, moreover versatility
of formulation as foams, creams, liquids and sprays. Nanoemulsions are particularly useful
systems for cosmetics because the small droplet size ensures a closer contact with the stratum
corneum (SC), rising the amount of active compound reaching the desired site of action also,
nanoemulsions can carry actives into the skin improving the skin layer penetration, and
enhancing efficacy.

Dry skin is a common problem in the population. Its main characteristic is a rough
appearance and peeling, we called that phenomenon xerosis. The barrier function and
maintenance of the water content are dependent on the SC that provides mechanical protection
in addition act against water loss and the passage of external solutes. Changes in the stacking
of corneocytes and delipidation are causes of cutaneous dryness leading to decreased skin
flexibility and harming the skin’s protective barrier.

These systems can be made by high or low emulsification energy methods.

High-energy approaches utilize mechanical devices (microfluidizers, high pressure,

Homogenizers or ultrasonic methods) which generate intense forces capable of making very

fine oil droplets.

Table 1:Nanoemulsion compositions (Rendo cezar de Azevedo Ribeiro, 2015).
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Components F1 F2 F3 F4 F5 F6 F7 F8 FX FXE
'BHT 01 01 01 01 01 01 01 01 01 01

Caprylic/Capric 2.0 4.0 8.0 1.0 1.0 2.0 3.0 1.0 2.0 2.0

triglyceride

Ethylhexyl palmitate 2.0 4.0 8.0 1.0 1.0 2.0 3.0 1.0 2.0 2.0

C12-C15 Alkyl 1.0 2.0 4.0 0.5 0.5 1.0 15 0.5 1.0 1.0

benzoate

Paraffinum liquidium = 5.0 10.0 20.0 25 25 5.0 7.5 2.5 5.0 5.0

Phenoxyethanol and @ 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

caprylic Glycol

Sorbitan Oleate 4.7 4.7 4.7 4.7 2.4 24 2.4 14 4.7 4.7
Polysorbate 80 53 53 53 53 26 26 2.16 1.6 53 53
EDTA 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Xanthan Gum . . . . . . . . 0.5 0.5
OFI (L) extract - - - o - - . . .. 1.0
Distilled Water 78.8 68.8 48.8 83.8 88.8 83.8 78.8 90.8 78.3 77.3

Notes: FX=sample added to 0.5% Xanthan Gum: FXE =sample added to 0.5% xanthan Gum

and 1% Opuntia ficus-indica extract.

This study aimed to produce and characterize an oil in water (O/W) Nanoemulsion
containing Opuntia ficus-indica (L.) Mill hydro glycolic extract, as well as evaluate its
preliminary and accelerated thermal stability and moisturizing efficacy (Rendo cezar de
Azevedo Ribeiro, 2015).

1.5.3 Incorporation of prickly pear seed oil in the encapsulation of vitamin A:

A study demonstrates the advantage of using prickly pears (pp) seed oil to develop
Nanostructured lipid carriers NLCs incorporating vitamin A, in comparison with SLNs Solid
lipid nanoparticles free from Opuntia seed oil.
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NLCs formulations containing vit A pp seeds oil incorporation have shown superior
actions than SLNs carries that are without pp seeds oil, this was correlated with the availability
of pp seeds oil, also it keeps the perfect state of the crystalline form state which provide more
flexibility and exposition , well drug loading proved by many techniques such as ex vivo, this

latter encourage the use of pp seed oil in cosmeceutical applications (AlZahabi et al,.2019).
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Bibliographic part Chapter 2: Generalities about Opuntia ficus-indica.

11.1 Morphology of Opuntia ficus-indica:

The genus Opuntia contains about 300 species many of them produce very tender and
edible stems and fruits (Hegwood, 1994).

Among these species, we select here Opuntia ficus-indica.it is used as fodder for
livestock. It is interesting because of the environmental conditions in which it is develops and

its resistance to extreme climatic conditions (Hernandez-Urbiola and al, 2011).

Figure 2: Opuntia ficus-indica plant

11.1.1 Stem:

Long stems measuring up 3 to 5 m high, matte green color, a languor of 30 to 50 cm and
a width of 15 to 30 cm, (figure 5) (Halmi,.2014).

11.1.2 Cladodes:

Snowshoes, called cladodes, are 30 to 40 centimeters long, 15 to 25 cm wide and 1.5 to 3
cm thick. Green in color, they unite with each other, by forming kinds of branches.
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Figure 3: Opuntia ficus-indica cladodes.

They are covered with a waxy cuticle (the cutin) that limits the transpiration of the plant

and protects it while ensuring the chlorophyllic instead of leaves.
11.1.3 Flower:
They are marginal on the summit of cladodes from 5 to 8 cm.

They are hermaphrodites; the prickly pear gives flowers and fruits in abundance. The
flowers appear on the top of the rackets, about 4 to 10 cm their colors yellow, orange or red.
These flowers are edible, like the fruit, which they give birth; yellowish-green skin is also

adorned with small thorns.

In the temperate climates, flowering takes place in April, May. Cladodes can bear up to
thirty flowers. (Amale Boutakiout,.2015).
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Figure 4: Opuntia ficus-indica flower.

11.1.4 Fruit (skin, seeds, juice):

Unilocular ovoid or piriformis provided thorns, they are inside greenish or yellow when
they ripe (Boutakiout, 2015).

Figure 5: Opuntia ficus-indica fruit.

Opuntia ficus-indica commonly called prickly pear or Nopal cactus belongs to the
dicotyledonous angiosperm Cactaceae family, a family that includes about 1500 species of
cactus. Most Cactus pears are widely distributed in Europe, Southwestern United States,
Northern Mexico, much of Latin America, South Africa, and the Mediterranean countries.

Cactus pear (OFI) is commonly known as “prickly pear” and grouped under the Cactaceae
family. (El-Mostafa et al, 2014).

11
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In some arid regions and hot, the plant can give fruit twice a year. Called prickly pear,
this fruit has a flesh of a color varying from light yellow to purplish red and whose taste is

reveals delicious and subtle.
The table below shows how the pulp of fruit rich of active compounds.

Table 2: Antioxidant and phytochemicals cactus pear pulp (Tesoriere et al.2004).

Compound Value for 100g pulp

Vitamin C (mg) 29+ 2
a- tochopherol (ug) 80 £5
B — carotene (ug) 1.50.2
Betanine (mg) 1.21£0.15
Indicaxanthin (mg) 9.3 £0.68
Polyphenols ND

Note: + Standard deviation of 5 determination performed in duplicate on 5 lots of fruits and,

not detectable.
The fruit of OFI rich also of sterols showed in the following table.

Table 3: Distribution and contents of sterols (g/kg) in Opuntia ficus-indica fruit including pulp
and skin (Ramadan and Morsel 2003a, 2003b).

Main component Pulp Skin
identified
Campsterol 8.74 8.76
Stigmasterol 0.73 2.12
Lanosterol 0.76 1.66
B- Sitosterol 11.2 21.1
o 5-avenasterol 1.43 271
Ergosterol - 0.68

12
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The fruits are picked at the end of July to September, as soon as they get a little soft
(Boutakiout ,. 2015).

11.1.5 Seeds:

The seeds of the fruit are rich in vitamins especially vitamin E and trace elements, confer
many properties and it is from these seeds that one obtains a highly sought after oil (Nature
and Health Review, 2011).

Figure 6: wet seeds in fruit of Opuntia ficus-indica

Table 4: Distribution and contents of sterols (g/kg) in Opuntia ficus-indica fruit including seed
(Ramadan and Morsel 2003a, 2003b).

Main component identified Seed
Campsterol 1.66
Stigmasterol 0.30

Lanosterol 0.28
B- Sitosterol 6.75
o 5-avenasterol 0.29
o 7-avenasterol 0.05
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11.2 Origin and Geographical Distribution :

The genus Opuntia, native to Mexico, appears on the emblem of the Mexican flag. Its
geographical distribution is very wide: Mexico, Sicily, Chile, Brazil, Turkey, Korea, Argentina
and North Africa (figure 7). It was introduced first in Spain and later in the 16th century to
North and South Africa. It spread rapidly in the Mediterranean basin and became naturalized

there to the point of becoming a characteristic element of the landscape.

It is essentially developed on the western part of the Mediterranean: southern Spain,
Portugal, and North Africa (Tunisia, Algeria and Morocco). In some countries such as Italy,
Spain or Mexico; cactus cultivation is practiced in an intensive and modern way with research

and development programs for the production of the fruit or fodder and even for industrial uses.

On the other hand, in Australia and South Africa this plant, in particular the angiosperm

variety is considered as a weed because of the ease with which it spreads (Benattia, 2017).

Figure 7: World distribution of Opuntia ficus-indica (Benattia, 2017).

11.3 Taxonomic classification of Opuntia ficus-indica:

Kingdom: Plantae
Subkingdom: Tracheobionta
Class: Magnoliopsida
Subclass: Caryophyllidae
Order: Opuntiales

Family: Cactaceae

14
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Subfamily: Opuntioideae
Genus: Opuntia

Species: Opuntia ficus indica (L) (Wallace et Gileson, 2002).

11.4 Terminology and nomenclature of Opuntia ficus-indica:

Prickly pears are known as different nouns in the world:

In Mexico: Nopal, the Mexican name of the plant, comes from the word Nochtliin Nahuatl, a

classical language of the Aztecs.

In Spain: besides Nopal, Nopallito, it is colloquially called Nopalcito, Tuna, Ensada, Higos de
Pala,and Higos of Mauro(Schweizer, 1997).

In Brazil, Palma de gado.
In Andalusia: Chumbera or Higuera Chumbra. (Schweizer, 1997).

In countries Francophones of the Mediterranean Sea: where it is very popular, the Opuntia
is a namecomes from the Latin Opuntius, from Oponte(Schweizer, 1997).

In Italy: fico de India (Schweizer, 1997).

In England:Barbary fig, Devils tongue, Prickly pear (Schweizer, 1997).
In Germany:Feigenkaktus, Feigendistel, Indische Feige, Opuntie.

In Holland: Gewconevyg, Indiannschewyqg.

In Portugal: Opuncia.

En Egypt : El-tin-el-Choki.

In Morocco: distinguish three varieties of O. ficus indica; he first, with prickly cladodes, is
called “Christians’ nopal”,the second, with inermis cladodes, is “Muslims’ nopal” and serves
as a green fodder for cattle. The last variety, with large inermis cladodes, is referred to as
“Moses’ nopal”, grows essentially in the south of Morocco (Ifni region) and produces a big
pear (EI-Mostafa et al, 2014). It is also called “Zaaboul”, “Aknari”in the south of Morocco and
“hendia” or “hendi” in the north.(Benattia, 2017).
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In Algeria and Tunisia: “hendia” or “hendi”.(Benattia, 2017).

I1.5 Cactus in nutrition and prevention of diseases:

Cactus pears are rich in ascorbic acid, vitamin E, carotenoids, fibers, amino acids and
high amount of glucose and fructose. This fruit is also rich in flavonoids, betaxanthins and
betacyanins. These compounds shown interesting biological activities: anti-inflammatory,
antioxidant, antimicrobial, anti-diabetic and neuroprotective effect (EI-Mostafa et al, 2014).

11.5.1 Source of natural colorants:

Beside the nutritional value of prickly pears (PP) fruit, it contains a high amount of
natural pigments, which can be a good alternative for synthetic colorants. It provides different
colors based on betalains, this last one is nitrogen containing plants pigments, they provide the
yellow betaxanthins, and the red-purple betacyanins (figurel) (J.A. FERNANDEZ-LOPEZ
et al, 2002).

Hooc‘\ll N COOH
H

(a) (b) (c)

Figure 8: General structure of betalamic acid (a), betacyanins (b) and betaxanthins (c) (El-

Mostafa et al, 2014).

Betalains are extracted after different processes like selection, classification, washing and
conditioning. The extract must be concentrated under rotary evaporation at 35°C, then pressed

to eliminate water.

They are recognized as natural food colorants, in contrast to other natural pigments,
their appearance is maintained over a wide pH range (from 4 to 7). This property makes them
ideal for coloring low acid foodstuff. (J.A. FERNANDEZ-LOPEZ et al, 2012).

16



Bibliographic part Chapter 2: Generalities about Opuntia ficus-indica.

The antioxidant properties of these betalains pigments represent an additional argument
in favor of the development of their use in nutrition, health and prevention from diseases caused
by synthetic colorants (ElI-Mostafa et al, 2014).

Figure 9: Chemical structure of OFI xanthin pigment determined by HPLC extracted from
Opuntia fruits (J.A. FERNANDEZ-LOPEZ et al, 2012).

11.5.2 Flower source of nutritional compounds:

The study of the OFHE showed that the flowers are an excellent source of food
supplements like fiber which is used for prevention of illnesses as diabetes, treatment of gastro
intestinal disorders, illnesses associated with low dietary fiber intake, also the flowers are a

good source for minerals as zinc and potassium (Enouri, 2014).

11.5.3 Cladodes source of dietary fibers:

Currently, consumers are interested in healthy food, and they prefer a diet low in calories,
cholesterol and fat, but also they want a food with higher fibers content.

Dietary fibers (DF) are parts of fruits, vegetables, nuts and legumes that can’t be digested
by humans. It’s recommended to take 25-38g/day of dietary fibers; the consumption of adequate
quantities of DF reduces the risk of degenerative diseases, including diabetes, obesity, coronary

heart disease, bowl cancer and gallstones.

In Mediterranean countries, PP plant grows spontaneously and consumed as fresh fruits,
cladodes are used as complements to feed animals, the rest go for waste , so many studies are
interested in studying different uses of cladodes. In addition to the nutritional value, DF has
technological proprieties that can be used in the production of food, can change texture and
stability of the food during production and storage, used to replace wheat flour in the
preparation of bakery products, they also can be used to replace wheat flour in the preparation
of bakery products (M.A. Ayadi et al, 2009).
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11.5.4 Medical relevance of cactus compounds:

Cactus pears have been used for a while in traditional medicines in treatment of burns,
wounds, edema, hyperlipidemia, obesity and catarrhal gastritis. Recently many studies are
occupied in studying therapeutic actions of its compounds and extracts. These last ones shown
many pharmacological effects (antiviral, anti-inflammatory and antioxidant...) in vivo and in

vitro studies applied on animals and cell models respectively (EI-Mostafa et al, 2014)
11.5.5 Healing experimentally induced gastric mucosa ulcer:

Gastric ulcer is a gastro duodenal disease that result a painful lesion of gastric mucosa,
this disease may be as dangerous as causing a perforation of the stomach and internal

hemorrhage, that can lead to death if it is not treated immediately.

This pathology is a result of an unbalance secretion of gastric hydrochloric acid and other
gastric secretions as pepsins, the treatment is based on the reduction of factors induces gastric
mucosal damage, although these drugs are risky for human health. That is why several studies
are interested in developing alternative treatment methods natural potential of bioactive
compounds in plants that would clearly be less aggressive than conventional drugs.

A study shown that OF1 oil has significantly decreased the mucosal damages like lesions,
ulcers, bleeding and necrosis observed in several areas in the gastric wall of fast rats then treated
orally with absolute ethanol, a major protection with dose 2 (7ml/kg/bw) than dose 1
(3.5ml/kg/bw) which gives sufficient amount of bioactive compounds (IkramKhémiri et Lotfi
Bitri,2019).
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Figure 10: Healing rate evolution of the ulcerated areas during the five days postulcer

induction in the different experimental groups.

Image represents the evolution of the healing rate of the ulcerated surface of gastric
mucosa over five days postulcer induction. Comparison between the different groups indicates
that OFI oil dose 2 is the most efficient treatment to speed up the healing process compared to
OFI oil dose 1, ranitidine, and sucralfate (Khémiri, 1., & Bitri, L., 2019).
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1.1 Quantification of the total polyphenols content:

The total phenolic contents in the above four extracts were measured using the Folin—
Ciocalteu method (Singleton and Rossi, 1965). The Folin—Ciocalteu is a yellow reagent is a
mixture of phosphotungstic acid (HsPW12040) and phosphomolybdic acid (HsPMo012040) that
reacts with phenols and non-phenolic reducing substances to form chromogens. The latter can
be detected spectrophotometrically, since in alkaline conditions the oxoyungstate and
oxomolybdate formed in this redox reaction display a blue coloration proportional to the

concentration of polyphenols (Apak et al., 2018).

1.2 DPPH assay:

1,1-Diphenyl-2-pic-ryl-hydrazyl (DPPH) is a stable free radical which has an unpaired
valence electron at one atom of nitrogen bridge (Eklund et al.,2005).The free radical can be
reduced by the hydrogen transfer from different antioxidants in the medium The reduction of
the free radical DPPH (2,2'-diphenyl-1-picryl hydrazyl) was monitored by UV-visible
spectrometry, measuring the decrease in absorbance at 517 nm caused by the antioxidants. In
the presence of free radical scavengers, the DPPH (2.2 Diphenyl 1 picryl hydrazyl) of violet
color is reduced to 2.2 Diphenyl 1 picryl hydrazine yellow.

DPPHe- purple DPPH- yellow

, NH
N + RH —_— R I R
O;N NO, O;N NO;

NO, NO,

Figure 11: DPPH- radical transformation into DPPH.
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Figure 12: Curve show the transformation color of purple DPPH into yellow (Benatttia.,
2017).

1.3 ABTS assay:

The ABTS+ cation radical (2,2-azinobis (3-ethyl benzothriazolin -6-sulfonic acid ) is
stable in its free form adding an antioxidant to a solution of this cation radical leads to its

reduction and a decrease in the absorbance .

This decrease depends on the quantity of antioxidants present in the medium (mansour
etal, 2011).

The activity molecule total antioxidant is inferred from its ability to inhibit the ABTS+

radical: -
L5 N
! 045
CaHe
T . CoH,
o K2S20g [
| N
N |
PN I
s pg —C2Hs /u\ __CaHs
s N
“04S é
* ! 0,8

ABRTS™

Figure 13: Formation and trapping of the ABTS°+ radical by an H° donor antioxidant.
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1.4 Antioxidant capacity test by copper reduction (CUPRAC):

The CUPRAC (Cuprac ion reducing antioxidant capacity ) method is based on monitoring
the decrease in the increased absorbance of the neocuproene (NC) ,copper (cu2+) Nc 2-Cu +2
complex indeed in the presence of an antioxidant ,the copper-neocuproene complex is reduced
and this reaction is quantified in spectrophotometrically at a wavelength of 450 nm (Apak,R,
et al 2004).

The principal of this test is based on the conversion of phenolic hydroxyl into quinones
through the reduction of the Cu+2-Nc complex thus producing a chromogenic complex of
Cu+2-Nc which absorbs at 450nm.

-H+E

CUPRAC Reagent Reduced CUPRAC Reagent
(Light blue) (Yellow-orange)

Figure 14: Reduction of the chromogenic complex of Cu + 2-Nc.

22






Experimental part

This study was concerned to the extraction of different parts of the prickly pears plant OFI, the
quantification of total phenolic content on the one hand and evaluate in vitro their antioxidant
activities by ABTS, trapping the free radical DPPH and CUPRAC to suppose a correlation

between both of them and a possible structure activity relationship.

These activities were measured in laboratory: LOST.
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Experimental part Materials and methods

1.1. Materials:

1.1.1. Plant materials:

The plant used in the present study is prickly pear cactus or nopal, well adapted to arid
and Semi-arid climates like that of Algeria that produces sweet nutritionally rich edible fruits,
and it has been used in traditional folk medicine, that was harvested during the summer of 2020
in el kheroub, Constantine. Different parts of the plant were investigated to obtain four extracts

namely:

> E1: Dry cladodes.
> E2: Dry peels.

> E3: Juice.

> E4: Seeds powder.

1.1.2. Laboratory equipment:

All used chemicals are of analytical quality and listed in the appendix.

Other laboratory equipment used is:
> UV spectrophotometer.
> Precision balance.

> Laboratory oven
>Round-bottom flasks.
> Magnetic stirrer.

> Rotary evaporator.

> Beakers.

> Flasks.

> Funnel.

> Test tubes.

> Test tube rack.

> Filter paper.

> Pipettes.
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1.2 Methods of study:

As mentioned above, four different parts of the prickly pears plant are the subject of our

practical part. Experimental is divided into three stages as shown in figure.

Methods of study
Praparation
Qi thente: RS Maceration _—
1/3 extract 2/3 sthanol
powdsar ,'\

left to macerate fora
mo

% .. W o 0
. Filtration with TOl2ting evaporator st
| &

Drizd p2=ls whatmzn paparN 4 2t 40°C

After dry 2ach part will be gr&u:'.d into

ee@ 4

Figure 15: Methods of study protocol.

1.2.1 Preparation of the plant samples:

The fruits were purchased from local market, brushed with running water many times to
remove the glochides and the impurities, peeled by the hand, juice pulp is separated from seeds,
the later abundantly washed several times with distilled water.

1.2.2 Maceration of the plant samples

Maceration is an inexpensive homemade technique for preparing tonic. Moreover, this
technique was used for the extraction of essential oils and active compounds from plant
materials. Generally, the maceration technique has multiple steps in extraction.

This process is done in a closed vessel where a fitting solvent (ethanol) is added. Next,

the solvent is strained off followed by pressing the solid residue of the extraction process known
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as marc to regain an optimum amount of occluded solution. Both the obtained pressed out liquid
and the strained solvent are mixed together and detached from unwanted materials by filtration.
Continual agitation during maceration facilitates extraction by two processes: (1) promotes
diffusion, (2) separates concentrated solution from the sample surface by adding new solvent

to the ethanol for increasing the extraction yield.
1.2.3 Evaporation (concentration):

The reinforced extract putted into a wiped film evaporator it will be concentrated there
under vacuum in order to produce a thick concentrated extract. The concentrated extract is
further putted into a vacuum chamber dryer to product a solid mass out of solvent. The solvent
regain from the wiped film evaporator and vacuum chamber desiccative is recycled back to the
percolator or extractor for the next batch of plant material. The solid mass consequently
obtained is pulverized and used directly for the desired pharmaceutical formulations or more
processed for isolation of its phyto constituents , we got in our experience four extracts , an
orange gum which is E3 , the green one was it E1 but E2 and E4 were green brownish .

1.2.4 Dilution samples:

A range of seven dilutions (1/2, 1/4, 1/8, 1/16, 1/32, 1/64) was established for the four
extracts, starting from the mother solution (2mg/2ml methanol), to obtain the concentrations
[200, 100, 50, 25, 12.5, 6.25, and 3.125] pg /ml, as shown in the following figure:

N N

ral 2m 2m
,kj — . oxtract ethano

0.5 ol of mother
solution

05ml 05ml O05ml O5ml O5ml

N ON 0N ON N

Each of these eppendorf contains 0.5mlog MeOH

Figure 16: Preparation of the mother solution & the dilution range.
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1.3 Quantification of the total polyphenols content:
% Protocol:

0.4 ml of each sample was firstly added 1.5 ml of Sodium carbonate (Na2CO3) (7,5%)
then 2 ml of diluted Folin—Ciocalteu reagent (1/10 H20), then mixed by VORTEX. After that,
the reaction mixtures are further incubated for 2 hours at room temperature in the dark, and

finally, the absorbed optical density is recorded at the wavelength of 765 nm.

sodivm carbonate

Folin cioczltezn solution :
solution

2 ml ":, 15ml

cladodes peels juice seeds

Each of these eppendarf contain 400 pl of extract with MeOH (2:2)

Figure 17: Total phenolic Content protocol.
1.4 Biological activities analysis:
1.4.1 DPPH assay:
% Protocol:

A volume of 160ul of DPPH methanolic solution added to 40 pl of extracts in 96 well
plate, the later will be incubated in the dark at room temperature for 30 min; the absorbance

was measured at 517 nm figure 18.

e A negative control prepared with 5 mL DPPH with 40-uL methanol.

e Results of antioxidant assay were compared to BHA at different concentration.
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cladodes peels juice seeds
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Figure 18: DPPH experimental protocol.

1.4.2 ABTS trapping assay :

The spectrophotometric analysis of the trapping activity of ABTS® + was determined

according to the method of Re et al. (1999), with slight modifications.
% protocol :

160 pl of the ABTS°+ solution was added to 40 pl of the extract solution at different
concentrations, the microplate was then placed in the dark and at room temperature 10 minutes
of incubation. The absorbance of the reaction medium was measured at a wavelength of 734
nm.

At the same time, a negative control was prepared by mixing 40 pl of methanol with 160
ul of the ABTS°+ solution.
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40ul extrat

| 160 pl ABTS

[ Incubation |
10 min

Reading at |
734 nm

Figure 19: Diagram of the ABTS °+ trapping activity protocol (Re et al., 1999)

The trapping capacity of ABTS°+ was expressed as a percentage inhibition and calculated

using the same equation used for the DPPH method.

I 70

|
N S S

- ’ M 2 3 4 s a7 B8 & "w 1 12

160l

ABTS solution

Figure 20: ABTS experimental protocol.
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L control Abs — Abs extract
%Inhibition = x 100

Abs control

=Such as:
v" Abs control is the absorbance of the reaction containing only the reagents.
v Abs Extract is the absorbance of the reaction containing the reagents and the

extract.

1.4.3 The antioxidant capacity assay by copper reduction (CUPRAC) :

The reduction of copper was determined by the CUPRAC method described by Apak
et al. (2004).
% protocol :

A solution (S1) at PH = 7.0 was prepared from 1.927g of ammonium acetate (ACNH4)
and 25 ml of H20, a second solution (S2) was made with 0.039g of Neocupronin dissolved in
25 ml of MeOH, and a third solution (S3) was prepared with 0.042625¢g of (Cu CI2, 2H20)
dissolved in 25 ml of H20.

Then 60 pl of (S1), 50 pul of (S2) and 50 pl of (S3) were added respectively to 40 pul of different

concentrations of extracts.

* 1,927 ACNH * 0,039 neccupronine . 0,042625 g

» 25ml H;0 * 25ml MeOH (CuCly, 2H,0)

S m =
Ph=7

A40ul extract
!

Incubation 1hin the dark and at
room temperature

2

Incubation 1hin the dark and at
room temperature

Figure 21: CUPRAC Test protocol diagram.
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The microplate was protected from light, and after 1 hour of incubation, the absorbance
was measured at 450 nm.
v The negative control was carried out by replacing the extracts with methanol.

v BHA was taken as antioxidant standards for this test.

31



Azsultt ard @

v ason -
m



Experimental part Result and discussion

11.1 Quantitative analysis:

The values of the total polyphenolic compound content of the four extract E1, E2, E3, E4
respectively are expressed in pg equivalent of Gallic acid per mg of dry extract (ug GAE/ mg

DE) using the linear regression equation of its calibration curve (figure. )

Calibration curve of gallic acid

2,5
y=0,0111x-0,06

2 R2=0,9984
£
£
o 1,5
(%)
&
'g 1 Sériel
é —— Linéaire (Sériel)

0,5

0
0 50 100 150 200 250

Concentration (pug/mL)

Figure 22: Calibration curve of Gallic acid (ug GAE/mg DE)

According to the following formula:

With:

C: [a.g] ng/ ml.
V: Extract volume (ml).

M: Extract weight (mg).
11.2 Total phenolic compound content and discussion:

The results of the four extracts: dried Cladodes (E1), dried peels (E2), juice (E3) and dried

seeds (E4) shown in the table and illustrated in the histogram below:
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Table 5: Total phenolic content (ug GAE/mg DE) in the four extracts

36.29 E1 (Cladodes)
39.328 E2 (peels)
35.568 E3 (juice concentrate)
42.672 E4 (seeds)
TPC ug GAE/ mg of extact
44
42,672
42
40 39,328
E1
38 mE2
E3
2 36,29 35,568
mE4
34
32
E1 E2 E3 E4

Figure 23: Total phenolic compounds content expressed in pg GAE/mg of content (DE).

e The total phenolic content in Fig shows the highest concentration in polyphenols in

extracts E4 (seeds) with a value of 42.67) followed by relatively low value of 39.328 of E2

(peels), 36.29 of E1 (cladodes). As we can see in the fig the extract that contains the

concentration equal to 35.568 pg GAE/ mg of extract is E3.
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Table 6: TPC preceding results of OFI.

Previous work The value of TPC | TPC of this study Extracts

(ng GAE/ mg of (pg GAE/ mg of

extract) extract)
Halmi, 2015 15.4-318 36.29 E1 Cladodes
Gallegos-Infanteet al 2009 180
Bourhia et al ,2020 1739.92- 2409.66
Faten M et al, 2014 221-1501. 39.328 E2 Dried Peels
Belviranl et al, 2020 218.8
Temagoult A et al, 2017 45,70 35.568 E3 Juice fruit
Benattia, 2017 68-144.50 42.672 E4 Dried seeds

From the previous table:
The result of E1 (15.4-318 mg/g) (Halmi., 2015) is very close to the result (36,29 pug/mg)
In addition, E3 (juice fruit) values of total phenolic content are very close to the mentioned
value in (Temagoult A et al, 2017).
On the contrary, the results are lower in comparison with precedent results of other extracts E1,
E3, E4 with a huge difference.

This interpretation makes it possible to deduce that the concentration of the polyphenols
varies as a function of the nature of the solvent and the extraction method used. A study
demonstrated that the total phenol content in the dried samples was lower than that in fresh
cladodes (JOSE.A et al 2009).

In addition, it can be due to the geographical origin, the cultivar, the variety and especially
the degree of maturity (seeds) and the duration of storage which has been proved by the work
of (Hid Sadok T et al. 2013), carried out on Opuntia cladodes at different stages of
development.

The low specificity of the Folin-Ciocalteu reagent is the main drawback of the

colorimetric assay. The reagent is extremely sensitive to the reduction of all hydroxyl groups
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not only of phenolic compounds, but also of certain sugars and proteins. (Vuorela, 2005;

Gomez-Caravaca et al., 2006).

Compared to other studies, the results of the seeds extract are consistent with those
mentioned in (El Mustafaet al,.2014)fruit seeds contain high amounts of phenolic compounds

ranging from 48 to 89 mg.
11.3 Evaluation of biological activities:

The antioxidant activity of different parts of the plant is evaluated by the following
methods: ABTS, trapping the free radical DPPH and CUPRAC.

11.3.1 DPPH free radical scavenging assay result and discussion:

It is a method, which uses DPPH as a relatively stable free radical, purple in solution and
exhibiting maximum absorption characteristic at 517 nm. The protocol applied based on the
disappearance of this maximum when a compound reduces the DPPH with property anti-free
radical, causing discoloration from purple to yellow. The scavenging activity was measured

according to the formula:

o Abs control — Abs sample
% Inhibition = hs control x 100

With:
Abs control: is the absorbance of DPPH + methanol.
Abs sample: is the absorbance of DPPH radical + sample.

The results reported in the table below as absorbance:
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Table 7: Antioxidant activity by the DPPH scavenging assay.

Extract
i 1Cs0 BHA/
Concentrations 3.125 6.25 12.5 25 50 100 200 1C50
1Cs0 inhibitor
(ng/ml)
431.4
El NA 0,26+2,65 1.5625 3,21+3,82 4,31£2,89 10,43+3,10  23,1845,08 0.10
1350,85
E2 NA 0.06£2,03  1,77+2,64 2,13+3,24 2,68+1,22 3,4046,52 7,3741,63 003
E3 NA NA 0.7742.10 2,72+6,89 3,08+1,13 4,59+2,56 5,78+3,89 1730,1
0.025
E4 6,0645,62 12,0242,44 13,72+6,67 34024324 4471743 68104516 77,1242,11 55,91 -
0.78125 1.5625 3.125 6.25 125 20 50
BHA NA NA 046+11,69  1557+132  55:67+180  69.86+2,04  74,35+15 44.9 .
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The results of the previous table represented using comparative curves:
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Figure 24: Absorbance of the DPPH activity for the four extracts and the BHA.
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Figure 25: 1C50 values of the four extracts and BHA for DPPH assay.

The values shown in the histogram below in order to facilitate the comparison of the IC50

values of the four extracts with the standard (BHA) followed by their discussion:

There is a huge variance in the IC50 of the four extracts and this may depends on the

variety of the total phenolic content in each fraction.

The extract of the seeds E4 showed the lowest IC50 (55.91 pg/ml) and the closest to the
one of BHA (44.9 ug/ml). This gives it the highest antioxidant potential among the other

37



Experimental part Result and discussion

extracts that express higher values of IC50, and thus have a lower antioxidant potential as
followed: Cladodes extract E1 with (431.4 ng/ml), come peels extract E2 (1360.85 pug/ml) and
next juice E3 (1730.1 pug/ml), which are close to each other and present the lowest antioxidant

activity in the order.

The extracts shown the highest antioxidant activity by DPPH has free radical scavengers
and able to react with the DPPH radical, which might be attributed to their electron
donating ability. The reaction is characterized as a stable free radical by virtue of the
delocalization of the spare electron over the molecule as a whole, so that the molecule does not

dimerize, as would be the case with most other free radicals.

The IC50 And the antioxidant activity of the tested extract are inversely proportional.

This assay is convenient in the application and thus most popular, nevertheless, it is

limited as they use non-physiological radical.
1.3.1.1 Comparison with previous work:

Table 8: IC50 DPPH comparison preceding results of OFI.

Previous work 1C50 DPPH in IC50 DPPH of this Extracts
previous work study (ug/ml)
(Hg/ml)
20 — 740 431.4 El
Missaoui,2020
500 55.91 E4
Faten M et al, 2014 1.20 1350.85 E2
Aditya S et al 2020 13.22 1730.1 E3

From the table we remark the IC50 DPPH of E1 cladodes (14.22 pg/ml) is close to the
first previous work mentioned in (Missaoui,.2020) (20ug/ml). Although the other results E1 of

are lower than the other results mentioned in the same work.
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The result obtained in the research (Faten M et al, 2014) of E2 (peels) (1.20) are
compared to BHT (0.78) used instead of BHA. (Galati EM,.2003).

A study that the antioxidants molecules containing in all extracts of Opuntia ficus-indica
as ascorbic acid, tocopherols, flavonoids are responsible of the reducing and discoloration of
DPPH by transferring an electron (De Pooter HL et Schamp N,.1986).

The polyphenols contained in the extracts of Opuntia ficus-indica are probably
responsible for the antioxidant activity of these extracts. This is in accordance with the previous
work on extracts from Satureja montana, a species rich in phenolic compounds that are
responsible for many activities biological including antioxidant and antimicrobial
activity(Cetkovi¢ GS,.2007).

Another study proves that the fruit juice of the Sicilian prickly pear Opuntia ficus-indica
has the ability to reduce DPPH, and this antioxidant activity due to phenolic compounds, which
are effective radical scavengers.

This leads to suggest that the antioxidant effect of different extracts of our plant may be due to

a synergism between polyphenols and other components.

Day by day, the demand for the natural antioxidants is growing, so as a suggestion a
substitute for synthetic antioxidants as BHA in foods, medical fields, because they are synthetic
compounds, raising concerns about their safety related to their metabolism and possibility
absorption and accumulation in cells, tissues, organs and body (Kulawik et al. 2013; Anraku
et al. 2018) Also, due to toxicological concerns of synthetic antioxidants (Nakatani N,.2000).

Legislative restrictions on BHA and BHT have been imposed due to concerns about their

toxicity and carcinogenic potential (Wichi 1988; Sherwin 1990).

Besides the antioxidant and anticancer effects of BHA and BHT, a review mentioned that
BHA induces in animals tumors of the forestomach, which are dose dependent, whereas BHT

induces liver tumors in long-term experiments (Saito. M et al,. 2003).

OFI stem cells are from all parts of the plant has cosmetic effects as increasing the

flexibility of the epidermis, antioxidant, anti-wrinkle, anti-aging, UV protective.

The four extracts shown an antioxidant activity and each of them could be used as a source

in different domains:
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The fruit extract can be effective as an ingredient in night cream against dark spots
damage caused by oxidation also assist skin’s moisture levels by using DPPH assay (Aditya .S
et al,.2020).

The oil contained in the seeds of OFI shows anti-inflammatory properties, which offer

significant potential as functional ingredient of nutraceutical and food supplement products.

11.3.1.2 Correlation between DPPH assay and TPC:

The DPPH radical scavenging activity increases as the concentration of phenolic
compounds or the degree of hydroxylation of the phenolic compounds increase and with it
antioxidant activity. The redox characteristics of phenolic compounds are primarily responsible
for their antioxidant activity. Which can be useful for adsorbing and neutralizing free radicals,

as well as quenching singlet and triplet oxygen and degrading peroxides.
11.3.2 The ABTS activity assay results and discussion:

The results of ABTS assay are presented as percentage of inhibition and not as

absorbance:
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Table 9: Antioxidant activity measured by the ABTS assay

Extracts
Extract
Concentrations 3.125
(ug/ml)
E1 7.07+3,16
E2 NA
E3 4,36+4,07
E4 9,25+2 87
BHA 0.78125
concentration
NA

BHA

6.25

11.65+3,1
6

NA

8,80+0,94

NA

1.5625

NA

12.5

NA

0.53+9,18

9,17+3,39

NA

3.125

NA

% Inhibition in ABTS assay

25 50 100
NA NA NA
3.83+1,63 9.17+2,02 NA
9,62+1,38 9,85+2,26 13,31+0,47
NA NA NA
6.25 12.5 20
NA 42.01+1,58  42.47+5,48
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200

NA

NA

15,26+6,10

76,99+6,99

50

46,12+1,58

Result and discussion

BHA

equivalent

1Cs0BHA/ 1Cs0

1C50
inhibitor
26,82 8.08
272.62 0,79
655,3 0.33
129,88 1.66
54.20 1
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Figure 26: 1C50 values of the four extracts and the BHA in ABTS activity

The different part of OFI have near ability of ABTS species with E1 Cladodes with IC50
= 26.82 pug/ml, E2 the skin with 272.83 pg/ml , E4 the Seeds 129.88ug/ml ,then E3 Jus with
655.3ug/ml , respectively , which are generally close to the one observed in the BHA 1C50=54.2
pg/ml except the jus E3 .

This assay dedicated for both lipophilic and hydrophilic compounds, ABTS is oxidized
by oxidants to its radical cation ABTS+ with extreme color, moreover the capacity of

antioxidant’s measured as an ability of test compounds to reduce the color reacting immediately
with the ABTS radical.

This process based on the activation of netmyoglobin , acting as peroxidase with H202
to generate ferryhnyoglobin radical which then reacted with ABTS to form the ABTS+ radical
cation (Miller et al ,1993) .

The K2S208 as oxidant shows that the presence of perodisulphate increases the rate of
ABTSH+, the scission of the K25208 may take place after the electron transfer.

S202-8 + ABTS — SO2—4 + SO-—4 + ABTS-+
SO-—4 + 2ABTS — SO2—4 + 2ABTS-+
S202-8 + 3ABTS — 2S02—4 + 3ABTS+.
In the presence of excess ABTS, the sulfate radical will react according to leading to

overall reaction represented by ABTS+ radicals one more reactive than DPPH radicals that
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invobe HAT the reactions with ABTS+ radicals generally invobe SET (Kaviarasan et al
,2007) ,(Koksal et al ,2009).

Moreover, ABTS+ is soluble in aqueous and organic solvents and isn’t affected by ionic
power, so it can be determined both hydrophilic and lipophilic antioxidant capacities (Awika
et al, 2003).

11.3.2.1 Comparison with previous work:

Table 10: ABTS values in different scientific articles

Previous work IC50 DPPH in IC50 DPPH of our Extracts
previous work extracts (ug/ml)
(ng/ml)
Santiago et al 4500 26.82 E1 cladodes
Cruz ,2015 115.68 655.3 E3 Juice
Zafra rojas, 2013 26.3

The values of our experience comparing them with other experiences, we notice a huge
difference in the results, and that is may up to many causes one like the verity of the fruit and
the plant worked on also the water used for the watering plant and fruit and the soil quality and

its compositions.
11.3.3 The copper reduction (CUPRAC) activity assay results and discussion:

The results of the hydroxyl radical scavenging are reported in the table below as

absorbance.
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Table 11: Antioxidant activity measured by the CUPRAC assay.

% Inhibition in CUPRAC assay BHA
equivalent

0,20+0,01 0,22+0,02  0,28+0,06 0,35+0,00 0,45+0,05 0,58+0,41  0,59+0,05

0,16+0,01 0,16+0,02 0,16+0,04 0,18+0,07 0,18+0,01 0,19£0,03  0,19+0,03  gy631

0.78125 1.5625 3.125 6.25 12.5 20 50
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Figure 28: Absorbance of the CUPRAC assay for the four extracts and the BHA.

The values showed in the histogram below in order to make the comparison of the A 0.5

values of four extracts with BHA (stander) simple but significant.

Followed by the discussion:
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. B ==
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Figure 29: A 0.5 values of the four extracts and the BHA for the CUPRAC activity.

The CUPRAC assay established on the reduction of cu2+ to cu+ by the combined action

of all antioxidants decreasing in agueousethanolic medium ph=7 in the presence of neocuproine
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(2.9 —dimethyl-1,10-phenanthroline ) by polyphenols, yielding cu+ complexes with maximum

absorption peak at 450nm.

In the CUPRAC assay E4 = 45.45ug /ml of seeds part showed the lowest and the closer
one to the BHA= 25ug /ml ,this means it has the highest antioxidant potential comparing with
the other extracts those expressed higher values of A 0.5 but having a lower antioxidant
potential : the cladodes E1= 86.2ug /ml then the skin E2= 277ug /ml and finally the juice E3
=526.31ug /ml , this makes jus the lowest antioxidant potential but the highest in A 0.5.

This process is also in the same time cost effective, fast, stable and selective moreover
suitable for a different of antioxidants regardless of chemical type or hydrophobicity (Gulgin
and Dastan ,2007) , (Karman et al ,2009).

The CUPRAC reagent is selective, because it has lower redox potential than those of
Folin, and near to the one of ABTS +/ABTS redox couple (Apak et al ,2005).

I. Comparison between the antioxidant activities: ABTS , DPPH and CUPRAC:

After comparing the results of the three antioxidant activities ABTS , DPPH and
CUPRAC ,the results of 1C50 showed that ABTS has the closer values to IC50 BHA=
5.27ug/ml between (E1=10,37.E2=14,57. E3= 30,37. E4= 4,609 )ug/ml , which means that
this activity is the effective one and the ones given the best results in scavenging assays.

46



Cwelosw ard

/ﬂm}%aéﬂ'ézﬂ'



Conclusion and perspectives

OFI known as “prickly pears” belongs to the cactaceae family, originated from Mexico
cultivated in different regions in the world as southern Europe, Mediterranean region, Middle
East and southern Africa, cactus pear plant grows spontaneously.

The present study showed that cactus pears contains polyphenols in all analysis parts:
cladodes, peels, fruit and seeds which are supposedly with the presence of other compounds as

vitamins, carotenoids provides an antioxidant activity could be effective against aging.

In Algeria, prickly pears are consumed exclusively as fresh fruit and cladodes as an
animal feed complement. Only a small quantity is being used for processing, that is why there
is need to create a far better outlet for seasonally surplus production, which used in animal feeds
or otherwise attend waste. Despite the fact that several countries have invested, such as
Morocco, the first exporter of seeds oil, the most expensive oil, also Tunisia and Italy, and their
choice didn’t happened by chance rather than intention.

Nopal could be a great source of bio-molecule such as dietary fiber, mineral and natural
antioxidant compounds, and can be used in a way such as good natural colorants alternatives

for synthetic ones.

This shrub is miraculous, nothing is thrown away, and everything is useful. Modern
scientific research is interested by biologically active compounds isolated from plant extracts,
which are considered benefic chemical plants from which it is necessary to make the maximum
profit because of several pathologies appear cause of the intensive use of synthetic products,

OFI could be a good source for prevention from diseases.

This study showed that generally seeds contains the highest amount of TPC correlated
with the highest anti-oxidant activity in the three essays: DPPH, ABTS and CUPRAC, followed

by peels extract, cladodes and juice in the order.

Further the result of the present study demonstrated that Nopal is one of the Opuntia

species that merits more investigation and research ,and as perspectives :

e Exploit seeds fruit of cactus pears in production of oil directed to be used in
cosmetics.

e Use cladodes powder as natural source of dietary fibers.

e Work on the production of natural colorants from peels, cladodes, fruit and

flower.
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Produce dermocosmetics products from cladodes powder and frost as
moisturizers.

Trade on peels and cladodes to be destined for animal food (forage)

Reserve more cultivable land for this plant to avoid erosion.

Create a far better outlet for seasonally surplus production that save environment

from excessive residues.
Improve the scientific studies in the way of exploring new bioactive molecules.

Make aware Algerians about the value of this plant by

48



Bithography



Bibliography

Bibliographical references:

-A-

e Aragona M, Lauriano.E.R, Pergolizzi. S & Faggio C (2017). Opuntia-ficus-indica (L.)
Miller as a source of bioactivity compounds for health and nutrition, Natural Product
Research.

e Abou-Elella, F. M., & Ali, R. F. M. (2014).Antioxidant and anticancer activities of
different constituents extracted from Egyptian prickly pear Cactus (Opuntia Ficus-Indica)
Peel. Biochemistry and Analytical Biochemistry, 3(2), 1.

e Anraku M, Gebicki JM, lohara D, Tomida H, Uekama K, Maruyama T, Hirayama F,
Otagiri M (2018). Antioxidant activities of chitosans and its derivatives in in vitro and in
vivo studies. Carbohydr Polym 199:141-149

e AlZahabi, S., Sakr, O. S., & Ramadan, A. A. (2019). Nanostructured lipid carriers
incorporating prickly pear seed oil for the encapsulation of vitamin A. Journal of cosmetic
dermatology, 18(6), 1875-1884.

e Apak, R. (2019). Current issues in antioxidant measurement. Journal of agricultural and
food chemistry, 67(33), 9187-9202.

e Ayadi, M. A., Abdelmaksoud, W., Ennouri, M., & Attia, H. (2009).Cladodes from
Opuntia ficus indica as a source of dietary fiber: Effect on dough characteristics and cake
making. Industrial Crops and Products, 30(1), 40-47.

-B-

e Barel, A. O., Paye, M., & Maibach, H. I. (2014). Cosmetic science and technology. Edisi
kedua. New York: John Willy and Son Inc. Hal, 626-629.

e B. Dreno,, EAraviiskaia, E. Berardesca, T. Bieber (2014) .The science of
dermocosmetics and its role in dermatology

e Benattia, F K. (2017).Analyse et application des Extraits de Pépins de Figue de Barbarie.
[Thése de doctorat,universite Aboubker Belkaid- TLEMCEN].

e Belviranh, B., Al-Juhaimi, F., Ozcan, M. M., Ghafoor, K., Babiker, E. E., &
Alsawmahi, O. N. (2019). Effect of location on some physico-chemical properties of
prickly pear (Opuntia ficus-indica L.) fruit and seeds. Journal of Food Processing and
Preservation, 43(3), e13896.

49



Bibliography

e Bourhia, M., ElImahdaoui, H., Moussa, S. I., Ullah, R., & Bari, A. (2020).Potential
Natural Dyes Food from the Powder of Prickly Pear Fruit Peels (Opuntia spp.) Growing in
the Mediterranean Basin under Climate Stress. Biomed research international, 2020

e Boutakiout, A. (2017).Etude physico-chimique, biochimique et stabilité d’un nouveau
produit : jus de cladode du figuier de Barbarie marocain (Opuntia ficus-indicaa L.)[Thése
de doctorat, Université d’Angers , France — et 1’Université de Sultan Moulay Slimane
(Maroc)].

e Bortolomeazzi, R., Verardo, G., Liessi, A.,, & Callea, A. (2010). Formation of
dehydrodiisoeugenol and dehydrodieugenol from the reaction of isoeugenol and eugenol
with DPPH radical and their role in the radical scavenging activity. Food chemistry, 118(2),
256-265.

-C-

e Cetkovié, G. S., Canadanovié-Brunet, J. M., Djilas, S. M., Tumbas, V. T., Markov, S.
L., & Cvetkovié, D. D. (2007). Antioxidant potential, lipid peroxidation inhibition and
antimicrobial activities of Satureja montana L. subsp. kitaibelii extracts. International
Journal of Molecular Sciences, 8(10), 1013-1027.

e Ciriminna, R., Delisi, R., Albanese, L., Meneguzzo, F., & Pagliaro, M. (2017).Opuntia
ficus-indica seed oil: Biorefinery and bioeconomy aspects. European Journal of Lipid
Science and Technology, 119(8), 1700013.

-D-

e De Leo, M., De Abreu, M. B., Pawlowska, A. M., Cioni, P. L., & Braca, A.
(2010).Profiling the chemical content of Opuntia ficus-indica flowers by HPLC-PDA-ESI-
MS and GC/EIMS analyses. Phytochemistry Letters, 3(1), 48-52.

e Deters a,n, U.Meyer b, F.C.Stintzing . (2012)Timedependent bioactivity of preparations
from cactus pear (Opuntia ficus indica)and ice plant(Mesembryanthemum crystallinum) on
human skin fibroblasts and keratinocytes A.M.

e De Pooter HL, Schamp N. Comparaison of the volatils composition of some Calamintha
satureja species. In: EJ. Brunk, Walter De Gruyter, Eds. Progress in essential oil
research. Berlin 1986; pp. 139-50.

50



Bibliography

e Eklund, P. C,, Langvik, O. K., Wéarna, J. P, Salmi, T. O., Willfor, S. M., & Sjéholm,
R. E. (2005). Chemical studies on antioxidant mechanisms and free radical scavenging
properties of lignans. Organic & Biomolecular Chemistry, 3(18), 3336-3347.

e El-Mostafa .K, El Kharrassi Y, Badreddine A, Andreoletti P 1,Vamecq.J (2014).
Nopal Cactus (Opuntia ficus-indica) as a Source of Bioactive Compounds for Nutrition,
Health and Disease ,p1-2.

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

e Ennouri M, Chemical Composition and Antibacterial Activity of Opuntia Ficus-Indica F.

Inermis (Cactus Pear) Flowers,p3-2.

-E-

e Fernandez-Lopez, J. A, Castellar, R., Obon, J. M., & Almela, L. (2002). Screening and
mass-spectral confirmation of betalains in cactus pears. Chromatographia, 56(9-10), 591-
595.

e Fernandez-Lépez, J. A., Giménez, P. J., Angosto, J. M., & Moreno, J. I. (2012). A
process of recovery of a natural yellow colourant from opuntia fruits. Food Technology and
Biotechnology, 50(2), 246-251.

-G-

e Gharby, S., Guillaume, D., Nounah, I., Harhar, H., Hajib, A., Matthaus, B., &
Charrouf, Z. (2021).Shelf-life of Moroccan prickly pear (Opuntia ficus-indica) and argan
(Argania spinosa) oils: a comparative study. Grasas y Aceites, 72(1), e397-e397.

e GULCIN, i., & Dastan, A. (2007). Synthesis of dimeric phenol derivatives and
determination of in vitro antioxidant and radical scavenging activities. Journal of enzyme
inhibition and medicinal chemistry,

e Guillaume, D., Gharby, S., Harhar, H., & Baba, M. (2015). Opuntia ficus-indica and
Balanites aegyptiaca oils: two seed oils to watch. Household and Personal Care Today,
1(0), 2.

51



Bibliography

Hadj Sadok T., Aid F., Bellal M., Abdul Hussain M.S., 2008.Composition chimique des
jeunes cladodes d'Opuntia ficus indica et possibilites de valorisation alimentaire.
Agricultural practice and science journal. Pp 39-48.
Hegwood, D. A. (1990). Human health discoveries with Opuntia sp.(prickly pear).
HortScience, 25(12), 1515-1516.
Hernandez-Urbiola, M. 1., Peérez-Torrero, E., & Rodriguez-Garcia, M. E.
(2011).Chemical analysis of nutritional content of prickly pads (Opuntia ficus indica) at
varied ages in an organic harvest. International journal of environmental research and
public health, 8(5), 1287-1295.

-J-
Gallegos-Infante, J. A., Rocha-Guzman, N. E., Gonzalez-Laredo, R. F., Reynoso-
Camacho, R., Medina-Torres, L., & Cervantes-Cardozo, V. (2009). Effect of air flow
rate on the polyphenols content and antioxidant capacity of convective dried cactus pear
cladodes (Opuntia ficus indica). International journal of food sciences and nutrition,
60(sup2), 80-87.

-K-
Kaviarasan, S., Naik, G. H., Gangabhagirathi, R., Anuradha, C. V., & Priyadarsini,
K. 1. (2007).In vitro studies on antiradical and antioxidant activities of fenugreek
(Trigonella foenum graecum) seeds. Food chemistry, 103(1), 31-37.
Khavkin, J., & Ellis, D. A. (2011).Aging skin: histology, physiology, and pathology.
Facial Plastic Surgery Clinics, 19(2), 229-234.
Khémiri I, Bitri L.(2019)Effectiveness of Opuntia-ficus-indica L. interims Seed Oil in
the Protection and the Healing of Experimentally Induced Gastric Mucosa Ulcer. Oxid
Med Cell Longev.2019:1568720. doi: 10.1155/2019/1568720.
Kulawik P, Ozogul F, Glew R, Ozogul Y (2013) Signifcance of antioxidants for seafood
safety and human health. J Agric Food Chem 61:475-491
Koksal, F., Yasar, H., & Samasti, M. (2009). Antibiotic resistance patterns of coagulase-
negative staphylococcus strains isolated from blood cultures of septicemic patients in
Turkey. Microbiological research, 164(4), 404-410.

52



Bibliography

Miastkowska, M., & Sikora, E. (2018). Anti-aging properties of plant stem cell extracts.
Cosmetics, 5(4), 55.
Miller, N. J., Rice-Evans, C., Davies, M. J., Gopinathan, V., & Milner, A. (1993). A
novel method for measuring antioxidant capacity and its application to monitoring the
antioxidant status in premature neonates. Clinical science, 84(4), 407-412.

-N-
Nadia Bayar, Mouna Kriaa, Radhouane Kammoun (2016) .Extraction and
Characterization of ThreePolysaccharides Extracted from Opuntia Ficus IndicaCladodes.

DOI:http://dx.doi.org/doi:10.1016/j.ijbiomac.2016.07.042

Nakatani, N. (2000). Phenolic antioxidants from herbs and spices. Biofactors, 13(1-4),
141 146.

-O-
Ouerghemmi, 1., Harbeoui, H., Aidi Wannes, W., Bettaieb Rebey, 1., Hammami, M.,
Marzouk, B., & Saidani Tounsi, M. (2017).Phytochemical composition and antioxidant
activity of Tunisian cactus pear (Opuntia ficus indica L.) flower. Journal of Food
Biochemistry, 41(5), e12390.

-p-
PanicoA.M , CardileV,GarufiF, Puglia C, BoninaF, RonsisvalleS. (2007).Effect of acid
and polysaccharides from Opuntiaficusindica(L.) cladodes on the metabolismOf human
chondrocyte cultures.J. Ethnopharmacol. Vol 111, p 315-321.

Pawar, M. A. S., Patil, M. S. H.,, & Mabhalle, S. G. (2020). TO STUDY THE
ANTIOXIDANT ACTIVITY OF OPUNTIA FICUS FRUIT EXTRACT IN NIGHT
CREAM. International Journal Of All Research Writings, 3(5), 54-63.

_Q_

Quinatzin Yadira Zafra-Rojas, Nelly Cruz-Cansino,Esther Ramirez-Moreno,Luis
Delgado-Olivares. (2013)Effects of ultrasound treatment in purple cactus pear (Opuntia

ficus-indica) juice.

-R-
Ramadan, M. F., & Mdrsel, J. T. (2003).0il cactus pear (Opuntia ficus-indica L.). Food
chemistry, 82(3), 339-345.

53


http://dx.doi.org/doi:10.1016/j.ijbiomac.2016.07.042

Bibliography

Russell, C. E., & Felker, P. (1987). The prickly-pears (Opuntia spp., Cactaceae): a source
of human and animal food in semiarid regions. Economic Botany, 41(3), 433-445.

-S-
Saito, M., Sakagami, H., & Fujisawa, S. (2003). Cytotoxicity and apoptosis induction by
butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT). Anticancer
research, 23(6C), 4693-4701.
Schweizer M. (1997). Docteur Nopal le médecin du bon dieu. Paris, France : 19p.
Stintzing, F. C., Herbach, K. M., Mosshammer, M. R., Carle, R., Yi, W., Sellappan, S.,
...& Felker, P. (2005). Color, betalain pattern, and antioxidant properties of cactus pear
(Opuntia spp.) clones. Journal of Agricultural and Food Chemistry, 53(2), 442-451.

-T-

Temagoult, A., Zitouni, B., & Noui, Y. (2017).Algerian prickly pear (Opuntia ficus-indica
L.) physicochemical characteristics. International Journal of Scientific Research &
Engineering Technology, 5, 14-17.
Tesoriere, L., Butera, D., Pintaudi, A. M., Allegra, M., & Livrea, M. A. (2004).
Supplementation with cactus pear (Opuntia ficus-indica) fruit decreases oxidative stress in
healthy humans: a comparative study with vitamin C. The American journal of clinical
nutrition, 80(2), 391-395.
Tobin, D. J. (2017). Introduction to skin aging. Journal of tissue viability, 26(1), 37-46.
Tounsi, M. S., Ouerghemmi, I., Ksouri, R., Wannes, W. A., Hammrouni, I., &
Marzouk, B. (2011).HPLC-determination of phenolic composition and antioxidant
capacity of cactus prickly pears seeds. Asian Journal of Chemistry, 23(3), 1006.

-V-
Veronika Butterweck, Lydia Semlin, Bjoern Feistel,Ivo Pischel (2010) .Comparative
Evaluation of Two DifferentOpuntia ficus-indica Extracts for Blood SugarLowering Effects
in Rats.

DOI: 10.1002/ptr.3271

Vuorela S., 2005. Analysis, isolation and bioactivities of rapeseed phenolics.
Ed.University of Helsinki. Helsinki. Pp 76.

54



Bibliography

e Wallace RS, Gileson AC. Evolution and systematic. Biology and uses, P.S. Nobel Ed,
2002,1-21 pp.

e Wichi HP (1988) Enhanced tumor development by butylated hydroxyanisole (BHA) from
the perspective of effect on forestomach and esophageal squamous epithelium. Food Chem
Toxicol 26:717-723

55



Ppendoes



Appendix 1:

Laboratory equipment:

Rotary evaporator: is a device used in chemical laboratories for the efficient and
gentle removal of solvents from samples by evaporation, have been used after the

maceration of the four extracts.

me‘

"0l &b

Spectrophotometer: can measure the intensity of a light beam at different
wavelengths. Although spectrophotometry is most commonly applied to ultraviolet,
visible, and infrared radiation, has been used to measure absorbance of the extract

to quantify the polyphenols content


https://en.wikipedia.org/wiki/Visible_spectrum
https://en.wikipedia.org/wiki/Infrared

Plate reader: instrument used to detect biological, chemical or physical events of

samples in microtiter plates, has been used to measure antioxidant assays.

Precision balance

Oven laboratory


https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Physics
https://en.wikipedia.org/wiki/Microtiter_plate

Appendix 2: Result of biological activities.

CUPRAC assay.




ABTS assay.
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Abstracts

Abstract

In the framework of valorizing medicinal Algerian plants, Opuntia ficus-indica (OFI) a plant
grows spontaneously and has been neglected for a while, it is widely known for its beneficial
properties. The aim of the present work is to focus on biological activities of Nopal plant
especially the antioxidant one, and their uses in dermocosmetic natural products, the
valorization of different parts of Nopal plant, also interest through emphasis on some of their

uses in many fields.

This study aimed to focus on the antioxidant activities of its different parts: juice, cladodes,
dried seeds and peels, by quantifying total phenolic content and three antioxidant assays: DPPH,
ABTS scavenging assays and reducing antioxidant power by CUPRAC, comparing the

obtained results and supposing correlation between antioxidants methods and TPC.

The increasing interest in preventive medicine encourages use of natural products against
senescence of the skin and skin cancer, also the use of nutraceuticals bioactive compounds of
vegetable origin, OFI with important nutritional values can be source of dietary fibers and

natural pigments.

Key words: Opuntia ficus-indica, antioxidant activity, polyphenols, Dermocosmetics.



Abstracts

Résumé

Dans le cadre de la valorisation des plantes médicinales Algériennes, Opuntia ficus-indica
(OFI) est une plante spontanée, connue par ces propriétés bénéfiques mais cependant pas assez
exploitée. Le présent travail vise a investir ses activités biologiques spécifiquement les activités
antioxydantes, et son utilisation comme actif et aditif dans les dermocosmétiques a base de
produits naturels, mais aussi la valorisation des différentes parties du figuier de barbarie et leur

utilisation dans différents domaines.

L'activité antioxydante des différentes parties : jus, raquettes, graines seches et épluchures a
été mise en évidence par la quantification des polyphénols totaux et trois méthodes pour
mesurer 1’activité antioxydante : le piégeage du radical libre DPPH, le piégeage du radical
ABTS et la réduction du cuivre par la méthode CUPRAC, aussi la comparaison des résultats en

supposant une corrélation entre les polyphénols et ces méthodes.

L’intérét croissant pour la médecine préventive encourage 1’utilisation des produits naturels
pour la prévention de vieillissement de la peau et du cancer de la peau, aussi de composés
biologiques d’origine végétale, OFI avec ses valeurs nutritionnelles peut étre également une

source de fibres et de colorants naturels.

Mots clés : Opuntia ficus-indica, Activité antioxydantes, polyphénols, dermacosmetiques.
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