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Abstract Opuntiaficus indica (OFI) has been used in traditional folk medicine. Many parts of the plant were
investigated. However fewer data about seeds are available.

In this study, the lipid fraction was extracted from OFI seeds in two different regions of Tunisia, then investigated
for their phytochemical content and antioxidant activity in order to evaluate their importance in health field. The
results showed that the content of seed oil in unsaturated fatty acids is relatively high (83 %) mainly in linoleic acid
(58.14 %). Also, the content in phenolic compound and vitamin E was high which leads to significant antioxidant
activity. These compounds and antioxidant activity vary between the seeds collected from two regions. The oil from
region 1 (Sidi El hani) is richer than the oil from region 2 (Kasserine) in polyphenols, flavonoids and alpha-
tocopherols (366.36+18.73 vs 233.82 + 10.50 mg gallic acid / kg of oil; 205.8 + 10.65 vs 155.24 + 10.96 mg
catechine / kg of oil, 185.90 + 30.62vs82.12+ 24.66 mg / kg of oil). In the same way, the anti-free radical activity
and resistance to oxidation were higher in region 1compared to region 2 samples. The OFI oil can be used in food
and pharmaceutical industry due to its special characteristics. However, the effectiveness of this oil depends on the
area of collection.
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1. Introduction

It was reported that Opuntiaficus is with great nutritional and health benefits [1]. Fernandez et al. showed that the
incorporation of pectins sprung from peels of the prickly pear as adjuvant in drugs, allows to exploit the capaciy of
elimination of cholesterol and triglycerides in the blood, that possess these pectins [2]. Also, Jose Luis Lopez
mentioned that Opuntia Cactus is used as a Hypoglycemic Agent in Managing Type 2 Diabetes Mellitus [3]. More
else, Ennouri et al. showed that seeds and oils are effective in decreasing the atherogenic risk factors in rats [4].
Ammar et al. have recently shown anti-inflammatory, antioxidant, antibacterial and in vivo dermal wound healing
effects of Opuntia flower extracts [5, 6].

In Tunisia, fruits of the prickly pear are generally consumed in the fresh state, but now, the nectars, the juices, jams
are also made from the pulp of the prickly pear. Their preparation leads to a significant production of byproducts. It
is important to develop these by products such as seeds and peel. A review of literature reveals that Prickly pear
seeds were first studied by Sawaya et al. and showed that the seeds of OFI are rich in minerals and sulphur amino
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acids [7]. Then, the prickly pear seed oil composition and its chemical characteristics were investigated in many
countries by different researchers [8, 9, 10, 11].

Coskuner & Tekin studied the seed composition of prickly pear fruits during the maturation perio [12]. Ramadan
and Morsel compared the seed and pulp oil compositions [13]. Ennouri et al. studied the physicochemical properties
of the seed oil of the Opuntiaficus indica and O. stricta fruits which are the most abundant species in Tunisia [9]. In
the same context EI Mannoubi et al. studied the chemical and physical properties of the lipid fraction of OFI in
detail [14]. Many factors influence the content of plants [15]. Matthausa and Ozcanb studied habitat effects on yield,
fatty acid composition and tocopherol contents of prickly pear seed oils [16]. Also, other studies reported that the
climate and the altitude have an influence on chemical composition and biologic activity of plants [17, 18, 19].
Many studies focus on the antioxidant activity of the peel and pulp of this plant, but not the seed oil [20, 21, 22].The
antioxidant property of plants is responsible for their importance in health field (drugs and food). This antioxidant
activity could be attributed to phytoconstituent of the plant such as polyphenol, flavonoids, vitamins. These
compounds with free radical scavenging activity help in the prevention and therapeutics of many disease associated
with oxidation like cardiovascular disease, cancer...

The major objective of the present work was to study the chemical composition and the antioxidant activity of OFI
seed oil in order to evaluate its importance in health field (drugs and food), and whether these compounds and
activity are affected or not when seeds were harvested in different regions.

2. Materials and Methods

2.1. Prickly pear seed

Two samples of wild mature Prickly pear fruits, Opuntiaficus-indica (OFI) were collected, from two regions of
Tunisia Sidi ElI Hani, Kairouan (latitude 35° 40" 41" N, longitude 10° 05' 46" E, altitude 68 m) and Kasserine
(latitude 35° 10" 03" N, longitude 8° 50" 11" E, altitude 674m) in the same season (month of September).

The fruits were immediately sorted, washed with running water and crushed at the end. Then seeds were separated,
washed many times and dried at ambient temperature.

2.2. Oil extraction

The extraction of oil from the seeds of prickly pear is made by cold pressure.

The oil obtained from Kasserine (K) is of greenish color, and that obtained from Sidi El Hani (S.H) is of brown
orange color. Oils were stored at low temperature (4°C) and in the darkness.

2.3. Physicochemical analyses

The analysis was carried out in triplicate.

The analyses of the physico-chemical characteristics of two samples of oil of prickly pear, such as free acidity
percentage (%), peroxide value, coefficient of extinction K232 and K270 were made according to the European
community-regulations for analytical methods [23]. The content in colored pigments was analyzed by colorimetric
method according to Wolf [24] for chlorophyll and carotenoid pigments and the method of Psomiadou & Tsimidou
for the analysis of pheophytine pigment [25].

2.4. Fatty acid analysis

The fatty acid compositions of both oil samples were analyzed by gas chromatography after transesterification. Fatty
acid methyl esters (FAMES) were prepared in the presence of 0.2 N potassium hydroxide in methanol and analyzed
on a Hewlett-Packard model 5890 series Il gas chromatograph equipped with a flame ionisation detector and a fused
silica capillary column HP - INNOWAX 30 m length x 0.25 mm i.d. and 0.25 pm of film thickness. The temperature
was programmed to increase from 170 to 270°C at a rate of 5°C per minute. Nitrogen ultra was used as carrier gas.
The results were expressed as relative area percent of the total FAMES [26].

2.5. Amount of the total phenolic content

The amount of the total polyphenols (PT) is evaluated by spectrometry [27]. In an alkaline medium and in the
presence of polyphenols, the reagent of Folin-Ciocalteu is reduced to oxide of tungsten and molybdenum to give a
blue color. The intensity of the color is proportional to the concentration of phenols. The absorbance is measured in
765 nm by referring to the Gallic acid as standard.
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2.6. Determination of flavonoides content
The total flavonoides is measured by a colorimetric method [27] in the presence of AICI; (10 %), NaNO, (5 %),
NaOH (1M) and in H,O. The standard graph was prepared by using catechine in different concentrations and the
absorbance was measured at 510 nm.
2.7. Analysis of a-tocophérol (vitamin E) by high performance liquid chromatography (HPLC)
The determination of the tocophérols content was carried out as described by Dabbou et al. [28]. HPLC analysis was
conducted using an agilent Technologies system model 1100 (Agilent Technology, DE, Germany).
2.8. Determination of the anti-free radical activity by the DPPH test
The current method to estimate the antioxidant activity (Radical Scavenging Activity) is by using the synthetic free
radical 1.1-diphenyl-2-picrylhydrazyl radical (DPPH*). The estimation of this anti-free radical activity was
measured as described by Brahmiet al. [29]. 20 pl of the methanolic extract was mixed with 980 pl of methanol and
1ml of the solution of DPPH (0.1 mM). The mixture was kept at room temperature for 30 minutes in the darkness.
The reading was measured at 517 nm. The blank is without extract (without any antioxidant).

Pl =% = (1 — (abs sample / abs blank)) x 100
2.9. Acceleratedoxidation test
A Rancimat apparatus, model 734 (Metrohm, Herisau, Switzerland) was used to measure the oxidative stability of
the oils as described by Dabbou et al. [28]. The principle of the test consists of premature ageing of fats by thermal
decomposition. The results were expressed as induction time in hours of hydroperoxides decomposition.

3. Results
Many studies were done on OFI in order to see the composition of different parts (flowers, peels, cladode, seeds...).
Other studies aim to determine the biological activities of those components. The present study was designed to
investigate the oil seed of OFI. To obtain the seed oil, cold pressure method was used. As per our literature review,
the most used method of oil extraction is solvent extraction [9, 14].
We determine the seed oil yield of the various samples of seeds from Kasserine and Sidi El Hani. According to table
1 the prickly pears from Kasserine give a yield in seeds little lower when compared to the prickly pears from Sidi El
Hani, and a yield in oil obtained by cold pressure (2.4 %) roughly twice more important that the return found for the
seeds fromSidi El Hani (1.08 %).But this yield is lower than that found by Ennouri et al. [9] (10.9 %) and El
mannoubi et al. [14] (11.75 %) who used the soxhlet as mode of extraction.
3.1. Physico-chemical stability of oil
Physico-chemical properties of our samples (table 1) showed acceptable values for free acidity, peroxide value,
specific extinction at 232 nm and at 270 nm.

Table 1: Physico-chemical characteristics of Opuntificus-indica oil from Sidi El hani and Kasserine

Analyses made Oil of origin of Sidi El Qil of origin of
Hani Kasserine
Return on seeds / fruits 3.6% 33%
Return on oil / dry seeds 1.08 % 24 %
Free acidity (%) 1.46+0.16 1.6940.11
Peroxide value (milliequivalent 10.33+1.76 13.71+1.11%
of oxygen / kg of oil)
K232 2.40+0.03 3.08+0.04%
K270 0.26%0.02 0.5040.01%*
*P <0.05

There was no significant difference in the acidity value of the two samples :1.46 % for the OFI oil of Sidi El Hani
and 1.69 % for the OFI oil of Kasserine. However, the peroxide value, K232 and K270 were higher in kasserine oil
sample when compared to Sidi EI Hani.

éfi\\;s The Pharmaceutical and Chemical Journal
s

44



Zramda S et al The Pharmaceutical and Chemical Journal, 2018, 5(4):42-49

3.2. Fatty acid composition of prickly pear seed oil

The composition of fatty acids represents a criteria for classification of vegetable oil (saturated, mono or
polyunsaturated) determined according to the dominance of a given fatty acid. The results obtained for the
composition in fatty acids of the studied samples are represented in table 2. The results were similar in many of
reported studies done on OFI. The linoleic acid is the major fatty acid, followed by oleic acid then palmitic acid. The
composition in fatty acids of the oil of cactus does not vary between both samples. Both oils are exceptionally rich
in linoleic acid (w6) (until 58.14 %) and their contents in unsaturated fatty acids are relatively high (83 %) .

Table 2: Fatty acid composition of Opuntiaficu indica oils from Sidi EI Hani and Kasserine
% of Fatty acids

Sign Name Sidi EI Hani  Kasserine
Ci12:0 Lauric Acid 0.10 0.10
Cl1l4:0 Myristic Acid 0.03 0.05
Cl4:1 Myrstoleic Acid 0.08 0.06
C16:0 Palmitic Acid 11.08 11.53
Cl6:1 Palmitoleic Acid 0.78 0.84
c17:0 Margaric Acid 0.24 0.17
cir:1 Margaroleic Acid 0.15 0.12
Cc18:0 Stearic Acid 3.42 341
ci18:1 Oleic Acid 21.26 21.95
C18:2 Linoleic Acid 57.04 58.14
Cc18:3 Linolenic Acid 0.58 0.49
C20:0 Arachidic Acid 1.00 0.71
C20:1 Gondoic Acid 1.53 0.71
C20:3 Homo-gamma-linoleic acid  1.89 0.94
C22:0 Behenic Acid 0.28 0.25
c22:1 Erucic Acid 0.21 0.22
C24:0 Lignoceric Acid 0.11 0.12
C24:1 Nevronic acid 0.22 0.19
Total saturate (%) 16.26 16.33
Total insaturate (%) 83.74 83.67
total mono insaturate (%) 24.23 24.09
total poly-insaturate (%) 59.51 59.56

The linoleic acid rate is equal to that found by Ghazi et al. [10] (58.79 %). However it remains low with regard to
that found by Ennouri et al. [9] which is of the order of 70 %. The values were similar for oleic acid in both samples
which were of the order of 22 %, but this value was found to be higher than that reported by Ennouri et al. [9] which
is of the order of 16.8 %. The amount of palmitic acid was found to be in the range of 11 % and 12 % for both
samples. It is similar to that reported (11.18 %) by Ghazi et al. [10] but more from that reported (9.3 %) by Ennouri
et al. [9]. The difference in fatty acid composition between our results and the results found by Ennouri et al. [9]
which was made in Tunisia could be contributed to the period of collection (August and February in Ennouri study
and September in our study) or to the region of collection (Sfax in Ennouri study). Coskuner et al. have reported that
the composition in fatty acid could be influenced by the degree of maturity [12]. However, another study showed
that in both seed and pulp oils, linoleic acid was the dominating fatty acid, followed by palmitic and oleic acids,
respectively [13]. Globally, the oil of cactus consists about 84 % of unsaturated fatty acids which are valuable in
improving the youth and to slow down the ageing of the skin (mainly oleic and linoleic acids).From the results we
can conclude that although the yield of oil is low on extraction the compaosition in fatty acids are a good source of
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the nutritionally essential linoleic acid and polyinsaturated fatty acids which help in ameliorating lipid profile toward
protection against cardiovascular diseases.

3.3. Contents in pigments

Chlorophylls, pheophytines and carotene play an important role in the oxidative stability of the oil of prickly pear
due to their anti-oxidant activity in obscurity and pro- oxidant in the light. The contents in those pigments are
expressed in mg per Kg of oil (Fig.1).

Pigments
(mg/kg)
25
20
9,15 "
V,1
15 '
10 9,72 9,75
5
5 6

S.H K
M chlorophylle pheophytine B-carotene

*p value < 0.05 ; S.H Sidi El Hani; K Kasserine

Figure 1: Variation of the content in pigments in the oil according to the origin of the seeds of Opuntiaficus indica
By comparing the content in pigments of two samples, it is seen that both are rich in pheophytines (9.72 mg / kg of
oil of S.H and 9.75 mg / kg of oil of K) and also same content in chlorophyll i.e. 2.60 mg / kg. It was also observed
that the amount of [3-carotene was more in the sample of Sidi EI Hani when compared to Kasserine (9.15 ppm
against 7.15 ppm).

3.4. Phenolic compounds

The phenolic compounds present in the vegetable oil are antioxidants. It is well known that phenolic compounds

have high antioxidant efficiency and they are effective in care of degenerative diseases [30]. There was significant

difference in the amount of total phenols and flavonoids in the different oil samples from different regions (table 3).
Table 3: Contents in phenolic compounds of oil of prickly pear of two regions (Sidi El Hani and Kasserine)

Phenolic compounds Oil of origin of Sidi El Hani  Oil of origin of Kasserine
Polyphenols (mg gallic acid / kg of 0il)  366.36+18.73 233.82410.50%
Flavonoids (mg catechine / kg of oil) 205.8+10.65 155.24+10.96%*

*p<0.05

The oil of Sidi EI Hani was richer than the oil of Kasserine in polyphenols (366.36+18.73 Mg / kg) in comparison to
(233.82+10.50 Mg / kg). Also, it was noticed that the oil of Sidi El Hani is more rich in flavonoides than the oil of
Kasserine. Literature review reported the determination of the phenolic compounds in defatted seed powder but not
in seed oil [21, 31].

3.5. Content in Vitamin E

The result of vitamin E analysisis as summarized in fig. 2. The result showed significant difference between the
amount of a-tocopherol in the two samples. It was higher in Sidi EI Hani than in Kasserine sample (185.90+30.62
mg / kg and 82.124+24.66 mg / kg for the oil respectively; p<0.05).
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Vitamin E a-tocopherol or vitamin E (mg/k
(mg/kg)300 e (me/ie)

200
100 i
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Figure 2 : Content in vitamin E of two samples of oil of Opuntiaficus indica
*p value < 0.05 ; S.H Sidi El Hani; K Kasserine

3.6. Anti-free radical activity

The anti-free radical activity is important in OFI seed oil. A decrease of such activity is associated with heart
attacks, ischemic strokes, and peripheral arterial disease.

The prickly pear oil, extracted from Sidi El Hani seeds had significant anti-radical activity compared to kasserine
seeds (figure 3) (31 % in front of 24.5 % of percentage of inhibition; p<0.05). This can be attributed to the presence
of higher amount of phenolic compounds, vitamin E and B-carotene.

inhibition % . Anti-radical activity

34
32 T
30 A
28 -
26 -
24 -
22 A
20 A

S.H K
Figure 3 :Free radical-scavenging capacities of the Opuntiaficus indica oils measured in DPPH assay.

3.7. Accelerated aging test: Rancimat test

The resistance to oxidation, known often as Rancimat test, is an important parameter for the characterization of oil.
This test allowed to determine the necessary time that the sample of oil begins to present symptoms of rancidity and
degradation of the unsaturated fatty acids by the oxygen of the air and under a high temperature (120°C).The time of
resistance of the fat in the oxidation corresponds to the inflexion point of the curve. The oil from seeds of Kasserine
had an oxidative resistance which lasts 0, 48 hour in 120°C when compared to 0, 98 hour for the sample of Sidi El
Hani. Hence, the oil from Sidi EIl Hani was found to be more resistant to oxidation than Kasserine oil. This could be
explained by the presence of higher amount of phenolic compounds, vitamin E and B-carotene.

Regarding to oxidation, our results revealed that the oil from Sidi El Hani was of better quality than the oil from
Kasserine, as it is more resistant to oxidation. This was confirmed by the peroxide value and the specific extinction
in 232 nm and in 270 nm and could be the result of the presence of antioxidant agents like polyphenol, flavonoids,
vit E and B-carotene. The difference between the amount of chemical constituents and antioxidant activity could be
the result of the difference of climate and altitude between Kasserine and Sidi El Hani regions.

4. Conclusion

The powerful antiradical activity of the OFI seed oil and the presence of linoleic and oleic acids encourage the use
of this oil in food and pharmaceutical fields.The oil richer in polyphenol, flavonoids, beta-caroten and alpha-
tocopherol (sidi el hani) had the higher oxidative resistance and the higher anti free radical activity. However the
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amount of phytoconstituents present in the plant depends on the region of collection, its climate and altitude and
several other factors which in turn may affect the antioxidant activity.

Acknowledgment

This study is a part of research program of the Research Unit LR12ES05“Nutrition- functional food and Vascular
Health LR-NAFS” and “DGRST-USCR- Mass Spectrometry” financed by the Ministry of Higher Education and
Scientific Research (Tunisia).

References

1.

10.

11.

12.

13.

14.

15.

16.

&
\

)

s

El-Mostafa K, El Kharrassi Y, Badreddine A, Andreoletti P, Vamecq J, El Kebbaj MS, Latruffe N, Lizard
G, Nasser B, Cherkaoui-Malki M. Nopal cactus (OFI) as a source of bioactive compounds for nutrition,
health and disease. Molecules. 2014, 19 (9) : 14879-901.

Fernandez ML, Lin EC, Trejo A, McNamara, DJ. Prickly pear (Opuntia sp.) pectin alters hepatic
cholesterol metabolism without affecting cholesterol absorption in guinea pigs fed a hypercholesterolemic
diet. J Nutr, 1994, 124 : 817-24.

Jose Luis L. Use of Opuntia Cactus as a Hypoglycemic Agent in Managing Type 2 Diabetes Mellitus
among Mexican American Patients. Nutrition Bytes, 2007, 12 : 1.

Ennouri M, Fetoui H, Hammami M, Bourret E, Attia H, Zeghal N. Effects of diet supplementation with
cactus pear seeds and oil on serum and liver lipid parameters in rats. Food Chemistry, 2007, 101 : 248-
253.

Ammar |, Bardaa S, Mzid M, Sahnoun Z, Rebaii T, Attia H, Ennouri M. Antioxidant, antibacterial and in
vivo dermal wound healing effects of Opuntia flower extracts. Int J Biol Macromol, 2015, 81 : 483-90.
Ammar |, Ben Salem M, Harrabi B, Mzid M, Bardaa S, Sahnoun Z, Attia H, Ennouri M. Anti-
inflammatory activity and phenolic composition of prickly pear (Opuntiaficus-indica) flowers. Industrial
Crops and Products,2018, 112 : 313-3109.

Sawaya W.N, Khalil JK, Al-Mohammed MM. Nutritive value of prickly pear seeds OFI. Qualitas
Plantarum: Plant Foods for Human Nutrition, 1983, 33: 91-97.

Salvo F, Galati EM, Lo Curto S, Tripodo M.M. Study on the chemical characterization of lipid
composition of OFI L. seed oil. Riv. Ital. Sostanze grasse, 2002, 79 : 395-398.

Ennouri M, Bourret E, MondolotLc, Attia H. Fatty acid composition and rheological behaviour of prickly
pear seed oils. Food Chemistry, 2005, 93 : 431-437.

Ghazi Z, Ramdani M, Fauconnier ML, ElI Mahi B, Cheikh R. Fatty acids Sterols and Vitamin E
composition of seed oil of OFI and Opuntia Dillenii from Morocco J. Mater. Environ. Sci, 2013, 4 (6) :
967-972.

Berraaoua, A, Abderrahim Z, Hassane M, Abdelkhaleq L, Mohammed A, Mohamed B. Evaluation of
protective effect of cactus pear seed oil (Opuntiaficus-indica L. MILL.) against alloxan-induced diabetes
in mice. Asian Pac J Trop Med, 2015, 8 : 532-7.

Coskuner Y, Tekin A. Monitoring of seed composition of prickly pear (OFI L.) fruits during maturation
period. Journal of the Science of Food and griculture, 2003, 83(8) : 846-849.

Ramadan MF, Mérsel JT. Lipid profile of prickly pear pulp fractions. Food, Agriculture &Environment,
2003, 1: 66-70.

El Mannoubi I, Barrek S, Skanji T, Casabianca H, Zarrouk H. Characterization of OFI seed oil from
Tunisia. Chemistry of Natural Compounds, 2009, 45 : 616-620.

Wit M, Hugo A, Shongwe N, Merwe R. Effect of cultivar, season and locality on lipid content and fatty
acid composition of cactus pear seed oil. S. Afr. J. Plant Soil, 2016, 33(4) :279-288.

Matthausa B, Ozcanb MM. Habitat effects on yield, fatty acid composition and tocopherol contents of
prickly pear (OFI L.) seed oils. SciHortic, 2011, 131 : 95-98.

a:;\‘;f; The Pharmaceutical and Chemical Journal

48


http://www.ncbi.nlm.nih.gov/pubmed/?term=Ammar%20I%5BAuthor%5D&cauthor=true&cauthor_uid=26306411
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bardaa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26306411
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mzid%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26306411
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sahnoun%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=26306411
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rebaii%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26306411
http://www.ncbi.nlm.nih.gov/pubmed/?term=Attia%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26306411
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ennouri%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26306411
http://www.ncbi.nlm.nih.gov/pubmed/26306411
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sahnoun%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=26306411
http://www.ncbi.nlm.nih.gov/pubmed/?term=Attia%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26306411
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ennouri%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26306411
http://www.ncbi.nlm.nih.gov/pubmed/?term=Berraaouan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26276283
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abderrahim%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=26276283
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hassane%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26276283
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abdelkhaleq%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26276283
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mohammed%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26276283
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mohamed%20B%5BAuthor%5D&cauthor=true&cauthor_uid=26276283
http://www.ncbi.nlm.nih.gov/pubmed/26276283

Zramda S et al The Pharmaceutical and Chemical Journal, 2018, 5(4):42-49

17.

18.

19.

20.

21.

22,

23.

24,
25,

26.

27.

28.

29.

30.

31.

Méndez Arteaga JJ, Murillo Perea E, Varon EY, Suescin Ospina W.F, Osorio J.N, Mosquera Martinez
OM. Climate influence on chemical composition and antioxidant activity of Justicia pectoralis Jacq.
Revista Cubana de Farmacia, 2011, 45 : 88-100.

Brahmi F, Mechri B, Dabbou S, Dhibi M, Hammami M. The efficacy of phenolics compounds with
different polarities as antioxidants from olive leaves depending on seasonal variations. Industrial Crops
and Products, 2012, 38 : 146— 152.

Martz F, Peltola R, Fontanay S, Duval RE, Julkunen-Tiitto R, Stark S. Effect of latitude and altitude on
the terpenoid and soluble phenolic composition of juniper (Juniperus communis) needles and evaluation of
their antibacterial activity in the boreal zone. J Agric Food Chem, 2009, 57 : 9575-84.

Lee JC, Kim HR, Kim J, Jang YS. Antioxidant Property of an Ethanol Extract of the Stem of OFI var.
Saboten. J. Agric. Food Chem, 2002, 50 : 6490-6496.

Chougui N, Tamendjari A, Hamidj W, Hallal S, Barras A, Richard T. Romain Larbat Oil composition and
characterisation of phenolic compounds of OFI seeds. Food Chemistry, 2013, 139 : 796-803.

Yeddes N, Chérif JK, Guyot S, Sotin H, Ayadi MT. Comparative Study of Antioxidant Power,
Polyphenols, Flavonoids and Betacyanins of the Peel and Pulp of Three Tunisian Opuntia Forms.
Antioxidants, 2013, 2 :37-51.

EEC (1991). Characteristics of olive and olive-pomace oils on their analytical methods. Regulation
EEC/2568/91. Official Journal of the European Communities L248:1-82.

Wolff JP. Manuel d’analyse des corps gras. Azoulay ed. Paris, 1968: 391.

Psomiadou E, Tsimidou M. Stability of virgin olive oil. 1. Autoxidation studies. J. Agric. Food Chemistry,
2002, 50: 716-721.

Dabbou S, Issaoui M, Servili M, Taticchi A, Sifi S, Montedoro GF, Hammami M. Characterisation of
virgin olive oils from European olive cultivars introduced in Tunisia. Eur J Lipid SciTechnol, 2009, 111:
392-401.

Dewanto V, Wu X, Adom KK, Liu RH. Thermal processing enhances the nutritional value of tomatoes by
increasing total antioxidant activity. J. Agric. Food. Chem, 2002, 50: 3010-3014.

Dabbou S, Brahmi F, Dabbou S, Issaoui M, Sifi S, Hammami M. Antioxidant capacity of Tunisian virgin
olive oils from different olive cultivars. African Journal of Food Science and Technology, 2011, 2(4): 092-
097.

Brahmi F, Mechri B, Dhibi M, Hammami M. Variation in antioxidant activity and phenolic content in
different organs of two Tunisian cultivars of Oleaeuropaea L. Acta Physiol Plant,2013, 1397: 4.

Scalbert A, Johnson IT, Saltmarsh M. Polyphenols: antioxidants and beyond. Am J Clin Nutr, 2005, 81 :
215S-217S.

Cardador-Martinez A, Jimenez-Martinez C, Sandoval G. Revalorization of cactus pear (Opuntia spp.)
wastes as a source of antioxidants. Ciénc. Tecnol. Aliment., Campina,2011, 31: 782-788.

éfi\\;s The Pharmaceutical and Chemical Journal
s

49



