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Cactus pears are nutritious, drought-tolerant plants that flourish in hot and arid regions. All its plant parts can be

consumed by humans and animals. Fruit seed oil production is an important emerging industry in South Africa. As part of

an initiative to promote cactus pears as multi-functional crops, dual-purpose cultivars should be identified, and their

production increased.
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1. Introduction

Spineless Burbank Opuntia ficus-indica is one of the most popular cactus pear species that grow in the arid and semi-arid

regions of South Africa and is a noteworthy food source for humans and animals in these regions . Fruit pulp

processing of cactus pear leads to the discarding of the peels and seed as waste. New sources of oil and meal have been

produced from these waste products  . Cactus pear fruits are valued for their distinctive flavour and aroma in addition

to the nutritional properties of the oil in their seed. The Morado cultivar is one of the most popular cultivars in South Africa

in relation to both human and animal consumption and food processing  . The existing varieties in South Africa are from

the Burbank (spineless) varieties which were initially imported in 1914 for forage  . The annual production volume of

cactus pear fruits in South Africa is 20–25 t ha , under normal dry land conditions  .

The cactus pear fruit is very nutritious, not only because of the high polyunsaturated fatty acid (82%) content in its seed

oil, but the fruit has also been found to have antioxidant properties  , because of the presence of betalains, ascorbic

acid and carotenoids  . There is great variation in the number of seed, ranging from 120 to 350 per fruit  . The hard-

coated seed, from which the oil is extracted, make up 5–10% of the fruit weight  . The oil makes up approximately 17%

of the seed mass  . The oil is characterized as a low oil content seed oil, and is principally composed of unsaturated

fatty acids, linoleic (61–69%) and oleic acid (12–16%) and is also composed of saturated fatty acids (18%), stearic (11–

16%) and palmitic acid (3–4%), which occur at much lower amounts  . The human body is naturally

unable to manufacture essential fatty acids such as the omega-3 and omega-6 fatty acids, therefore these fatty acids

should be included in the diet. Oils are the main source of these very important fatty acids  . Cactus pear seed oil has a

high level of unsaturation that makes it a potential health oil that must be further explored  . Its physical and chemical

characteristics show similarities to other fruit/vegetable oils such as grape seed oil (linoleic acid: 68–78%; palmitic acid: 5–

11%; stearic acid: 3–6%) and rape seed oil (linoleic acid: 61%; palmitic acid: 4%; stearic acid: 2%)  . Fatty acids

such as palmitoleic acid and arachidic acid have been observed in much fewer quantities in cactus pear seed oil  .

Other compounds found in this precious oil include β-sitosterol and γ-tocopherol  .

Because of its high unsaturation, oxidation reactions are prone to have a negative effect on the cactus pear seed oil

quality and measures should be implemented to prevent this occurrence  . For successful production of cactus pear

fruit, management agricultural practices such as pest, disease, and weed control; pruning, thinning, irrigation, and

organic/mineral nutrition are needed  .

2. The Effect of Nitrogen Fertilization on the Yield, Quality and Fatty Acid
Composition of Opuntia ficus-indica Seed Oil

Nitrogen (N) is an important nutrient for vegetative growth, development and reproduction. N is so important because it is

the main component of chlorophyll, a compound that converts light energy into chemical energy in the process of

photosynthesis. N is also a vital component of amino acids, the building blocks of proteins (structural and enzymatic),

energy transfer compounds such as ATP (adenosine triphosphate), and nucleic acids such as DNA (deoxyribonucleic

acid). Most plants get most of the N from the soil in the form of nitrate (NO ) or ammonium (NH ). However, the supply

is limited, and plants must compete with various soil microorganisms for available N. In addition, the crops harvested each
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year remove a large amount of N  . N is the most limited nutrient in cacti, with the highest N values found in young and

fertile cladodes  . In productive agriculture, the use of N fertilizers overcomes the N limit imposed by the

environment  .

Organic and inorganic fertilizer research has mostly centered the attention around the influence it has on fruit yield and

quality  , as well as off-season fruit yield  . A number of reports have shown no effects of soil

applications of NPK (nitrogen, phosphorous and potassium) either on fruit yield or quality features of cactus pears at time

of gathering of crops  . Fruit sugar concentration has been found to be the only exception, where higher sugar

concentrations in fruit from NPK-fertilized plants have been found than from the fruit that have not undergone NPK-

fertilization. It was found that cladode magnesium concentration had a significant influence on fruit sugar

concentration  . The fertilizer effects on fruit postharvest life have not received much attention.

From this observation, Zegbe et al.   studied the effect of soil applied NPK on fruit quality attributes after three or four

weeks of storage at room conditions for ‘Cristalina’ cactus pear, native to Mexico. The study was done over a period of

three years. Fruit quality attributes evaluated after storage were flesh firmness (FF), total soluble solid concentration

(TSSC) and dry matter concentration of pulp (DMCP). FF produced similar results in all treatments for all three years. The

TSSC and DMCP had the same values between the different treatments. Lower TSSC and DMCP values were observed

when higher quantities of N were applied. It was concluded that NPK fertilizer treatments produced incompatible results;

thus, more research is required in order to address the effect of the fertilizer on the fruit quality of cactus pear.

Crops use N from the soil as nitrate (NO ) or ammonium (NH ⁺), but most crops prefer a combination of the two forms.

Limestone ammonium nitrate (LAN) contains 28% N, ammonium sulfate (AmSul) contains 21% N, and urea contains 46%

N. The N in LAN and AmSul is readily available to the plant for uptake, although not necessarily at the ideal nitrate-

N:ammonium-N ratio. Urea differs from other N sources in that it must be converted to NH ⁺ by urease. This process is

called hydrolysis. The NH ⁺ produced by this process then undergoes a nitrification process to produce NO . The nitrate-

N:ammonium-N ratio of LAN is 50/50, which is close to the preferred ratio for most crops. LAN is suitable for band

placement and broadcasting applications due to its very low toxicity and low volatile effects. AmSul is a low-cost fertilizer

most commonly used for alkaline soils. When introduced into moist soil, NH ⁺ ions are released. This produces a small

amount of acid, which reduces the pH balance of the soil  . Urea is commonly used in solid and liquid fertilizers and has

the characteristics of relatively easy handling and storage, making it the most important solid N fertilizer material in the

world  . The current fertilizer recommendation available in South Africa is for fruit production of cactus pear. The N

recommended is 60 and 90 kg N ha  for 2- and 3-year-old trees respectively. It is also recommended to apply between

13 and 16 kg ha  phosphorus (P) and 60 and 80 kg ha  potassium (K) to 2- and 3-year-old trees, respectively  .

3. Conclusions

N fertilisation has an effect on the yield and fatty acid composition of cactus pear seed oil. Oil content significantly

increased with increased N fertilization levels. The main fatty acids composition was also significantly influenced by both

N source and N level, while the highest content fatty acid, linoleic acid, however, was not significantly influenced. It can

therefore be concluded that N fertilization promoted an increased oil and SFA content but was detrimental to the linoleic

acid content. A high moisture content did not result in a low oil content in these results. The FFDM is the only factor that

decreased in content.

Although N fertilization is mostly aimed to increase the N content in cladodes, the increased seed oil content of the seed is

noteworthy. This increased oil yield will benefit and add value to producers of cactus pears in arid and semi-arid

conditions.

The article is from 10.3390/su131810123

References

1. Wessels, A.B. Spine-Less Prickly Pear; Perskor Publishers: Johannesburg, South Africa, 1988; pp. 21–24.

2. Ramakatane, M.E. Root dynamics and water studies on Opuntia ficus-indica and O. robusta. Master′s Thesis, Universit
y of the Free State, Bloemfontein, South Africa, 2003.

3. Potgieter, J.P.; Mashope, B.K. Cactus pear (Opuntia spp.) germplasm conservation in South Africa. Acta Hortic. 2009, 8
11, 47–54.

[25]

[26]

[25]

[27][28] [29][30][31][32][33][34]

[27][35]

[36]

[34]

3
−

4

4

4 3
−

4
[37]

[38]

−1

−1 −1 [39]



4. Feugang, J.M.; Konarski, P.; Zou, D.; Stintzing, F.C.; Zou, C. Nutritional and medicinal use of cactus pear (Opuntia sp
p.) cladodes and fruits. Front Biosci. 2006, 11, 2574–2589.

5. Habibi, Y.; Heux, L.; Mahrouz, M.; Vignon, M.R. Morphological and structural study of seed pericarp of Opuntia ficus-ind
ica prickly pear fruits. Carbohydr. Polym. 2008, 72, 102–112.

6. Ledwaba, C.R.; Mmbi, N.E.; Maphahla, V.V.; Ngwepe, M.R.; Dikgwatlhe, S.B. Comparison of Fruit Quality Characteristi
cs of 24 Cactus Pear Cultivars with Different Pulp Colours at Mara ADC, Limpopo; Limpopo Department of Agriculture:
Limpopo, South Africa, 2012.

7. Ramadan, M.F.; Mörsel, J.T. Oil cactus pear (Opuntia ficus-indica L.). Food Chem. 2003, 82, 339–345.

8. Ramadan, M.F.; Mörsel, J.T. Lipid profile of prickly pear pulp fractions. JFAE 2003, 1, 66–70.

9. Al-Juhaimi, F.; Özcan, M.M. Determination of some mineral contents of prickly pear (Opuntia ficus-indica L.) seed flour
s. Environ. Monit. Assess. 2013, 185, 3659–3663.

10. Du Toit, A.; de Wit, M.; Osthoff, G.; Hugo, A. Antioxidant content and capacity of fruit from different colour cactus pear
(O. ficus-indica and O. robusta) cultivars. Acta Hortic. 2015, 1067, 187–192.

11. Nobel, P.S. Cacti: Biology and Uses, 1st ed.; University of California Press, Ltd.: Berkeley, CA, USA, 2002; pp. 1–291.

12. Cantwell, M. Agricultural ecology, cultivation and uses of cactus pears. Plant Production and Protection Paper 132. In A
gro-Ecology, Cultivation and Uses of Cactus Pear; Barbera, G., Inglese, P., Pimiento-Barrios, E., Eds.; FAO: Rome, Ital
y, 1995; pp. 120–136.

13. Sawaya, W.N.; Khalil, J.K.; Al-Mohammad, M.M. Nutritive value of prickly pear seeds, Opuntia ficus-indica. Plant Foods
Hum. Nutr. 1983, 33, 91–97.

14. Labuschagne, M.T.; Hugo, A. Oil content and fatty acid composition of cactus pear seed compared with cotton and gra
pe seed. J. Food Biochem. 2010, 34, 93–100.

15. Matthäus, B.; Özcan, M.M. Habitat effects on yield, fatty acid composition and tocopherol contents of prickly pear (Opu
ntia ficus-indica L.) seed oils. Sci. Hortic. 2011, 131, 95–98.

16. Sawaya, W.N.; Khan, P. Chemical characterization of prickly pear seed oil, Opuntia ficus-indica. J. Food Sci. 1982, 47,
2060–2061.

17. Salvo, F.; Galati, E.M.; Lo Curto, S.; Tripodo, M.M. Chemical characterization of Opuntia ficus-indica seed oil. Acta Horti
c. 2002, 581, 283–289.

18. Coşkuner, Y.N.; Tekin, A. Monitoring of seed composition of prickly pear (Opuntia ficus-indica) fruits during maturation p
eriod. J. Sci. Food Agric. 2003, 83, 846–849.

19. Ennouri, M.; Evelyn, B.; Laurence, M.; Hamadi, A. Fatty acid composition and rheological behavior of prickly pear seed
oils. Food Chem. 2005, 93, 431–437.

20. Lee, D. Essential Fatty Acids; Woodlands Publishing Inc.: Pleasant Grove, UT, USA, 1997; pp. 6–32.

21. García Pantaleón, G.D.; Flores Ortiz, M.; Moreno Álvarez, M.; Belén Camacho, D.; Medina Martínez, C.; Ojeda Escalo
na, C.E.; Padrón Pereira, C.A. Chemical, biochemical, and fatty acids composition of seeds of Opuntia boldinghii Britto
n et Rose. J. Prof. Assoc. Cactus Dev. 2009, 11, 45–52.

22. Knothe, G.; Dunn, R.O. Dependence of oil stability index of fatty compounds on their structure and concentration and p
resence of metals. J. Am. Oil Chem. Soc. 2003, 80, 1021–1026.

23. Pimienta-Barrios, E. El Nopal Tunero; Universidad de Guadalajara: Guadalajara, Mexico, 1990.

24. Inglese, P. Orchard planting and management. Plant Production and Protection Paper 132. In Agro-Ecology, Cultivation
and Uses of Cactus Pear; Barbera, G., Inglese, P., Pimienta-Barrios, E., Eds.; FAO: Rome, Italy, 1995; pp. 78–90.

25. Hopkins, W.G.; Hüner, N.P.A. Nitrogen assimilation. In Introduction to Plant Physiology, 4th ed.; Witt, K., Foxman, J., M
uriello, L., Eds.; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2008; pp. 195–211.

26. Nobel, P.S. Nutrient levels in cacti: Relation to nocturnal acid accumulation and growth. Am. J. Bot. 1983, 70, 1244–125
3.

27. Gathaara, G.N.; Felker, P.; Land, M. Influence of nitrogen and phosphorus application on Opuntia engelmanii tissue N a
nd P concentrations, biomass production and fruit yields. J. Arid Environ. 1989, 16, 337–346.

28. Claassens, A.S.; Wessels, A.B. The fertilizer requirements of cactus pear (Opuntia ficus-indica) under summer rainfall c
onditions in South Africa. Acta Hortic. 1997, 438, 83–95.

29. Nerd, A.; Karady, A.; Mizrahi, Y. Irrigation, fertilization, and polyethylene covers influence bud development in prickly pe
ar. Hort. Sci. 1989, 24, 773–775.



30. Nerd, A.; Karady, A.; Mizrahi, Y. Out-of-season prickly pear: Fruit characteristics and effect of fertilization and short drou
ght on productivity. Hort. Sci. 1991, 26, 527–529.

31. Nerd, A.; Mizrahi, Y. Effect of nitrogen fertilization and organ removal on rebudding in Opuntia ficus-indica (L.) Miller. Sc
ientia Hortic. 1994, 59, 115–122.

32. Inglese, P.; Barbera, G.; La Mantia, T. Seasonal reproductive and vegetative growth patterns and resource allocation d
uring cactus pear fruit growth. Hort. Sci. 1999, 34, 69–72.

33. Zegbe, J.A.; Mena-Covarrubias, J. Retraso de la cosecha en nopal tunero cv. Cristalina. Rev. Chapingo Ser. Hortic. 20
08, 13, 85–90.

34. Zegbe, J.A.; Serna-Pérez, A.; Mena-Covarrubias, J. Soil applications of NPK affect fruit quality and shelf-life of ‘Cristali
na’ cactus pear. Fruits 2015, 70, 297–302.

35. Galizzi, F.A.; Felker, P.; González, C.; Gardiner, D. Correlation between soil and cladode nutrient concentrations and fru
it yield and quality in cactus pear, Opuntia ficus-indica, in a traditional farm setting in Argentina. J. Arid Environ. 2004, 5
9, 115–132.

36. Karim, R.; Felker, P.; Bingam, R.L. Correlations between cactus pear (Opuntia spp.) cladode nutrient concentrations an
d fruit yield and quality. Ann. Arid Zone 1998, 37, 159–171.

37. FERTASA. Fertilizer Handbook, 7th ed.; FERTASA: Pretoria, South Africa, 2016; pp. 112–127.

38. Grain SA Fertilizer Report 11. Available online: https://www.grainsa.co.za/upload/report_files/Kunsmisverslag-Volledig.p
df (accessed on 21 July 2021).

39. Potgieter, J.P. Guidelines for the Cultivation of Spine-Less Cactus Pears for Fruit Production, 2nd ed.; Group 7 Trust Pri
nters: Sinoville, South Africa, 1997.

Retrieved from https://encyclopedia.pub/entry/history/show/34279


