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Abstract

Two species of prickly pear from Morocco, Opuntia ficus indica (OFI) and Opuntia dillenii (OD) were
investigated for fatty acids, sterols and vitamin E composition of the seed oil. Oils are obtained by hexane
maceration under ambient temperature and analyzed by GC-MS. The main fatty acids of (OFI) and (OD) seed
oil were respectively: linoleic acid: 58.79 and 79.83%, Palmitic acid: 11.18 and 13.52%. In both oils, stearic
acid was present at low percentage: 1.50 and 2.75%. The content of unsaturated fatty acids was high, at 58.79%
and 79.83% for (OFI) and (OD), respectively. The sterolic fraction was composed by B-sitosterol: 21.93 and
2.80%, campesterol: 3.75 and 0.51%, stigmasterol: 1.64 and 0% and fucosterol: 0 and 0.27% respectively. The
sterol marker, p-sitosterol, accounted for 80.27% and 78.21% of the total sterol content in (OFI) and (OD) seed
oils. In both oils, vitamin E, y-tocopherol was present with low quantities 1.23% and 0.29% of total lipids
respectively.
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1. Introduction

Cactus plant of the Cactaceae family [1], originated from Mexico, was introduced into North Africa in the 16th
century [2]. About 1500 species of cactus are in the genus Opuntia and are distributed in Europe, the
Mediterranean countries, Africa, the southwest U.S., northern Mexico and other areas [3]. Many species of
Opuntia produce edible fruit and very fragrant [4]. Cactus pear grows wild in arid and semiarid regions, where
the production of more succulent food plants is severely limited. Low water exigency and a high water-use
efficiency ratio favor the extension of cactus production, as underlined by the Food and Agriculture
Organization [5].

Opuntia Ficus Indica grows everywhere in Morocco. However, Opuntia dillenii was found in west and
northeastern. They play a strategic role in subsistence agriculture. The fruit of the prickly pear Opunia ficus
indica, is mainly consumed as fresh fruit. However, Opuntia dillenii is less appreciated, due to its acidic taste
and the presence of a large number of seeds. The fruits of O. ficus-indica and O. dillenii, have anti-inflammatory
and analgesic effects [6], anti-hyperglycemia and hypocholesterolemic effects [7], probably due to the fatty acid
composition of the prickly pear seeds oil [8]. Butera et al. [9] reported that prickly pear O. ficus-indica white
fruit extracts showed the highest protective effects of all models of lipids oxidation due to its high content of
betalains, which contributes to the antioxidant activity of prickly pear fruit. Kanner et al. [10] also specified
betalain as a new class of dietary cationized antioxidant. The peel of Opuntia fruits accounts for 33 to 55%
while the pulp accounts for 45 to 67%. Seeds contained in the pulp, accounts for 2 to 10% [11,12]. Several
research studies have been carried recently reported the chemical composition of seeds oil of O. ficus indica.
However little information was found in the literature concerning the fatty acids profile of O. dillenii seeds oil.
Salvo et al. [13] reported that oil content from Italian cultivar was about 9.14%. Moreover, Ramadan and
Morsel [14] also reported that oil content from German cactus was about 9.9%. Ennouri et al. [8] reported that
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oil content was 11.05% for cultivar from Tunisia. Labuschagne and Hugo [15] reported that oil content from
South Africa was 5.69%. Yuan-Gang Zu and al. [16] reported that oil content from China was 6. 01%.

According to literature data [17-19], oil processed from the seeds is characterized by a high degree of
unsaturation wherein linoleic acid is the major fatty acid (56.1-77%). In a previous study Ennouri [8] showed
that cactus pear seed oil was rich in oleic (C18:1) and linoleic (C18:2) acids (16.7% and 70.3%, respectively),
which represented 87% of the total fatty acids. The sterol fraction accounted for 0.94% of TL. B-sitosterol was
the sterol marker accounted for 72% of the total sterol content in seed oil. Vitamin E level accounted for only
0.04% of TL.

Total lipid extraction was usually performed with chloroform: methanol (2:1 v/v) [14,20], with hexane in a
Soxhlet extractor [21] for 9 h, with petroleum ether in a Soxhlet extractor [22] for 6 h and with supercritical
carbon dioxide extraction [16] during 2.79h at a pressure of 46.96MPa.

Therefore, the aim of this work is to study the lipid fraction profile in terms of fatty acids, sterols and
vitamin E of opuntia ficus indica and opuntia dillenii seed oil, harvested in eastern Morocco (Oujda). The
chemical composition of the seed oil was analysed by GC-MS. The comparison between the two species prickly
pear will serve as a basis for further detailed chemical investigation and nutritional evaluation.

2. Materials and methods

2.1. Sample collection and preparation:

The mature fruits of prickly pear, Opuntia Ficus Indica and Opuntia Dillenii (Figure 1) were collected
respectively, in June and February 2011 from the same area (Oujda, Morocco). They were peeled then seeds
were isolated by pressing the whole edible pulp, washed with distilled water, dried at room temperature to
calculate the percentage of seeds in the edible fraction, ground to a fine powder using a coffee grinder and
stored at -20 °C until use.

(a) (b)
Figure 1: (a), Opuntia Ficus Indica; (b), Opuntia Dillenii

2.2. Extraction of total lipids (TL):

Ground seed (10 g) was used for lipid extraction in a 250-mL round-bottom flask. Hexane (25 mL) was added
and the mixture was stirred under ambient temperature for 2 h. After filtration, the solvent was concentrated on
a rotary evaporator under reduced pressure at 40°C. Oil was dried with Magnesium sulfate and left overnight in
a refrigerator at 4°C. Oil obtained from the seeds constitutes 5.7% and 5.1% for OD and OFI respectively of
whole seed weight.

2.3. Analytical procedures:

The oils were analyzed by gas chromatography-mass spectrometry (GC-MS) using an Agilent 5973N mass
selective detector coupled with an Agilent 6890N gas chromatograph. The MS operating parameters were as
follows: ionization potential, 70 eV; ionization current, 2 A; ion source temperature, 200°C, resolution, 1000.
Mass units were monitored from 30 to 450 m/z. The oil components were identified by comparison of their
retention times and mass spectra with the NIST mass spectral library23. The chromatographic conditions were
identical to those used for GC analysis.
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3. Results and discussion
Figure 2 shows a typical chromatogram of fatty acids profile detected in OD and OFI seeds oil.
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Figure 2a: GC chromatogram of total lipid of OD seeds oil
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Figure 2b: GC chromatogram of total lipid of OFI seeds oil

The composition of fatty acids, sterols and vitamin E in the total lipid of OD and OFI seeds oil is shown in
Table 1. In both oils, linoleic acid was the dominating fatty acid with an exceptional level, up to 79.83% for OD
and 58.79% for OFI oil followed by palmitic acid (13.52 and 11.18%) and stearic acid (2.75 and 1.50%) for OD
and OFI oil respectively. Linoleic acid is an essential fatty acid and a precursor of arachidonic acid biosynthesis,
the substrate for eicosanoid synthesis. According to Keys and al. (1957) [24], linoleic acid has
hypocholesterolemic effects. These results showed that OD oil was more rich in fatty acids than OFI oil. Our
results are in agreement with those published recently by Tlili and al. (2011) [25] for OFI oil: linoleic acid
content (56.6%), palmitic acid (12.24%) and stearic acid (3.69%). Moreover, Yuan-Gang and al. (2009)[16]
reported that linolenic acid constituted the main fatty acids (66.56%) in OD total lipid oil followed by palmitic
acid (19.78%), stearic acid (9.01%) and linoleic acid (2.65%). However, linolenic and oleic acids were not
detected in our both seed oils. The observed difference is possibly due to the degree of maturity of the fruit;
indeed, these authors suggested that there was an increase in saturated fatty acid content towards the end of fruit
maturation. The content of unsaturated fatty acids was 79.83% and 58.79% for OD and OFI oil respectively.
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However, saturated fatty acids (SFA) fraction was characterized by a lower level (16.27 and 12.68%) for OD
and OFI oil respectively. Recently, it was proven by clinical evidence that PUFAs are able to alleviate
symptoms of certain diseases such as coronary heart disease, stroke and rheumatoid arthritis [26]. Also, linoleic
acid has beneficial properties for skin, and for this purpose it is used by the cosmetics products industry [27,28].
These results bring attention to the possible use of cactus seed oil as a natural source of PUFAs for nutritional,
industrial or pharmaceutical purpose. Indeed, different means are used to increase, directly or indirectly, the
human consumption of PUFAs [29].

The sterolic fraction was composed by B-sitosterol: 21.93 and 2.80%, campesterol: 3.75 and 0.51%,
stigmasterol: 1.64 and 0% and fucosterol: 0 and 0.27% for OD and OFI oil respectively. The sterol marker -
sitosterol, accounted for 80.27% and 78.21% of the total sterol content in (OFI) and (OD). OD seed oil
contained a low quantitie of sterols 3.58%. On the contrary, OFI contained a higher amount of sterols 27.32%.
Similar values were published by Ramadan and Morsel (2003) [14] for the sterol content in OFI seed oil.
Recently, sterols have been added to vegetable oils as an example of a successful functional food [30]. This type
of product is now available and has been scientifically proven to lower blood LDL cholesterol by around 10—
15% as part of a healthy diet [31].

In both oils, vitamin E was represented by only y-tocopherol. The vitamin E level was higher in OFI oil
1.23% than in OD oil 0.29%. High levels of vitamin E, detected in the oils, may contribute to great stability
toward oxidation.

y-tocopherol B-sitosterol linoleic acid

Figure 3: The main fatty acids, sterols and vitamin E of seed oil opuntia

Table 1: Fatty acids, sterols and vitamin E in the total lipid composition of OD and OFI seeds oil

- . Concentration (%)
Lipid Composition oD OFI
Linoleic C18:2 79.83 58.79
Palmitic C16:0 13.52 11.18
Fatty acids Stearic C18:0 2.75 1.50
SFA? 16.27 12.68
PUFA® 79.83 58.79
PUFA/SFA° 4.91 4.63
B-sitosterol 2.80 21.93
Sterols Campesterol 0.51 3.75
Fucosterol 0.27 nd
Stigmasterol nd 1.64
Vitamin E y-tocopherol 0.29 1.23

nd: Not detected; a: SFA = (C16:0 + C18:0); b: PUFA = C18:2;
¢: Unsaturation ratio = C18:2/(C16:0 + C18:0).
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Conclusion

This study shows that Opuntia Dillenii seed oil was found to be more unsaturated: 79.83% than Opuntia Ficus
Indica: 58.79%. Linoleic acid was the dominating fatty acid with an exceptional level, up to 79.83% for OD and
58.79% for OFI oil. OFI contained a higher amount of sterols: 27.32% in total lipid oil. These results bring
attention to the possible use of cactus seed oil as a natural source of PUFA for nutritional, industrial or
pharmaceutical purpose.

Acknowledgments-The authors gratefully acknowledge financial support of this work by the CNRST of
Morocco.

References

1. Reyes Aguero, J. A., Aguirre-Riveran, J. R., Hernandez, H. M., Systematic Notes and a detailed
description of Opuntia ficus-indica (L.) MILL. (Cactacteae), Agrociencia, 39 (2005) 395-408.

2. Griffiths, P., The origins of an important cactus crops, Opuntia ficus-indica (Cactaceae): new molecular
evidence. Am. J. Bot., 91 (2004) 1915-1921.

3. Hegwood, D. A., Human health discoveries with Opuntia sp. (Prickly pear). Hort. Sci., 25 (1990) 1515-
1516.

4. Enigbokan, M., Felder, T. B., Thompson, J. O., Kuti, J. O., Ekpenyong, K. I., Hypoglycemic effects of
Opuntia ficus indica Mill. Opuntia lindheimeri Engelem and Opuntia robusta Wendel in streptozotocin-
induced diabetic rats. Phytotherapy Res, 10 (1996) 379-382.

5. Barbera, G., Inglese, P. & Pimienta-Barrios, E., Agro-ecology, cultivation and uses of cactus pear. FAO
Plant Production and Protection Paper, (1995) 132.

6. Park, E. H., Kahng, J. H., Lee, S. H. & Shin, K. H., An anti-inflammatory principle from cactus.
Fitoterapia, 72 (2001) 288-290.

7. Perfumi, M., Tacconi, R., Antihyperglycemic Effect of Fresh Opuntia dillenii Fruit from Tenerife (Canary
Islands). Intern. J. Pharmacogn, 34 (1996) 41-47.

8. Ennouri, M., Evelyne, B., Laurence, M., Hamadi, A., Fatty acid composition and rheological behaviour of
prickly per seed oils. Food Chem, 93 (2005) 431-437.

9. Butera, D., Tesoriere, L., Di Gaudio, F., Bongiorno, A., Allegra, M., Pintaudi, A. M., Kohen, R., Livrea,
M. A., Antioxidant activities of sicilian prickly pear (Opuntia ficus indica) fruit extracts and reducing
properties of its betalains: betanin and indicaxanthin. J. Agric Food Chem, 50 (23) (2002) 6895-901.

10. Kanner, J., Harel, S. and Granit, R., Betalains-a new class of dietary cationized antioxidants. J. Agric.
Food Chem, 49 (11) (2001) 5178-5185.

11. Arrizon, J., Calderon, C., Sandoval, G., Effect of different fermentation conditions on the Kkinetic
parameters and production of volatile compounds during the elaboration of a prickly pear distilled
beverage. Journal of Industrial Microbiology and Biotechnology, 33 (11) (2006) 921-928.

12. Piga, A., Cactus Pear: a fruit of nutraceutical and functional importance. J. Prof. Assoc. Cactus Dev, 6
(2004) 9-22.

13. Salvo, F., Galati, E. M., Lo Curto, S., Tripodo, M. M., Study on the chemical characterization of lipid
composition of Opuntia ficus indica L. seed oil. Riv. Ital. Sostanze grasse, 79 (2002) 395-398.

14. Ramadan, M. F., Morsel, J. T., Oil cactus pear (Opuntia ficus-indica L.). Food Chem, 82 (2003) 339-345.

15. Labuschagne, M. and Hugo, A., South Africa, oil content and fatty acid composition of cactus pear seed
compared with cotton and grape seed. Journal of Food Biochemistry, 34 (1) (2010) 93-100.

16. Wei, L., Yu-lJie, F., Yuan-Gang, Z., Mei-Hong, T., Nan, W., Xiao-Lei, L., Su, Z., Supercritical carbon
dioxide extraction of seed oil from Opuntia dillenii Haw and its antioxidant activity. Food Chemistry, 114
(2009) 334-339.

17. Sawaya, W. N., Khan, P.. Chemical characrterization of prickly pear seed oil, Opuntia ficus-indica.
Journal of Food Science, 47 (1982) 2060-2061.

18. Pimienta-Barrios, X.. Prickly pear (Opuntia spp.): a valuable fruit crop for semi-arid lands of Mexico.
Journal of Arid Environments, 28 (1994) 1-11.

971


http://onlinelibrary.wiley.com/doi/10.1111/jfbc.2010.34.issue-1/issuetoc

J. Mater. Environ. Sci. 4 (6) (2013) 967-972 Ghazi et al.
ISSN : 2028-2508
CODEN: JMESCN

19. Stintzing, F. C., Schieber, A. & Carle, R., Cactus pear, a promising component of functional food. Obst,
Gemu“se und Kartoffelverarbeitung , 85 (1) (2000) 40-47.

20. Ramirez-Tobias, H. M., Aguirre-Rivera, J. R., Pinos-Rodriguez, J. M. and Reyes-Aguero, J. A., Nopalito
and forage productivity of Opuntia spp. and Nopalea sp. (Cactaceae) growing under greenhouse
hydroponics system, Journal of Food, Agriculture & Environment, 8 (3&4) (2010) 660-665.

21. 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, 101 (2007)
248-253.

22. El-Guizani, T., Tlili, N. and Triki, S., Fruit characteristics and chemical proprieties of juice and seeds of
three Opuntia ficus indica cultivars, African Journal of Biotechnology, 11 (6) (2012) 1460-1464.

23. Adams, R. P., Identification of essential oil components by gas chromatography/ mass spectroscope. Carol
Stream, IL: Allured Publications, (1995).

24. Keys, A., Anderson, J. T. & Grande, F., Prediction of serum cholesterol response of man to change in fats
in the diet. Lancet, 2 (1957) 959-966.

25. TIili, N., Bargougui, A., Elfalleh, W., Triki, S. and Nasri, N., Phenolic compounds, protein, lipid content
and fatty acids compositions of cactus seeds. Journal of Medicinal Plants Research, 5 (18) (2011) 4519-
4524,

26. Calder, P. C., Polyunsaturated fatty acids, inflammatory processes and inflammatory bowel diseases. Mol.
Nutr. Food Res, 52 (2008) 885-897.

27. Letawe, C., Boone, M., Piérard, G. E., Digital image analysis of the effect of topically applied linoleic acid
on acne microcomedones. Clin. Exp. Dermatol, 23 (1998) 56-58.

28. Darmstadt, G. L., Mao, Q. M., Chi, E., Saha, S. K., Ziboh, V. A,, Black, R. E., Santosham, M., Elias, P.
M., Impact of tropical oils on the skin barrier: possible implications for neonatal health in developing
countries. Acta Paed, 91 (2002) 546-554.

29. Lewis, T. E., Nichols, P. D., McMeekin, T. A., The biotechnological potential of thraustochytrids. Marine
Biotechnol, 1 (1999) 580-587.

30. Ntanios, F., Plant sterol-ester-enriched spreads as an example of a new functional food. European Journal
of Lipid Science and Technology, 103 (2001) 102-106.

31. Jones, P., Raeini-Sarjaz, M., Ntanios, F., Vanstone, C., Feng, J. & Parsons, W., Modulation of plasma
lipid levels and cholesterol kinetics by phytosterol versus phytostanol esters. Journal of Lipid Research, 41
(2000) 697-705.

(2013); http://www.jmaterenvironsci.com

972


http://www.jmaterenvironsci.com/

