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Antioxidant Status of Rats Fed with Products Derived from Fruits of Different Varieties of Oil Palm (Elaeis guineensis)
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ABSTRACT

Aims: Palm oil products are staples of the Nigerian diet, and both palm kernel oil and the aqueous palm-fruit extract used to prepare Ofe-akwu or Banga are eaten in large quantities. Their effect on the body's antioxidant defences, however, has received little attention. This study compared antioxidant enzyme activities and lipid peroxidation in rats fed palm products prepared from three palm fruit varieties, with soybean oil as the reference.
Study Design: Randomised, controlled animal experiment.
Place and Duration of Study: Department of Applied Biochemistry, Faculty of Biosciences, Nnamdi Azikiwe University, Awka, Nigeria, over an eight-week feeding period (following a three-day acclimatisation).
Methodology: Sixty male Wistar rats (40–50 g) were divided into ten groups of six. A baseline group was sampled at the start; the remaining groups were fed diets fortified with 9% refined soybean oil (control), crude soybean oil, refined palm kernel oil, or the palm-fruit water extract (PFWE) and crude palm kernel oil (CPKO) of the Nigrescens, Virescens, and Albo-nigrescens varieties, for eight weeks. Serum superoxide dismutase (SOD) and catalase activities and malondialdehyde (MDA) concentration were determined spectrophotometrically. Data were analysed by one-way ANOVA with Tukey's HSD.
Results: SOD activity was highest in the CPKO Nigrescens (2.395×10⁻⁵ U/mL) and soybean oil groups and lowest in the PFWE Virescens group (0.789×10⁻⁵ U/mL). Catalase followed a similar direction, being highest at baseline (11.226×10⁻² U/mL) and lowest in the Virescens groups. MDA was highest at baseline (2.533×10⁻⁶ µmol/mL) and lowest in PFWE Virescens (1.509×10⁻⁶ µmol/mL) and the two soybean oils. None of the differences were statistically significant (SOD P > .05; catalase P = .08; MDA P = .15).
Conclusion: At normal dietary proportions, neither the palm kernel oils nor the Ofe-akwu water extracts disturbed antioxidant status or raised lipid peroxidation relative to soybean oil. The soybean oil and the Virescens water extract were associated with the least lipid peroxidation, and the Virescens variety deserves closer study.
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1. INTRODUCTION

The oil palm (Elaeis guineensis Jacq.) is one of the most important food crops in West Africa, and its products are woven into everyday cooking in Nigeria. Two quite different edible products come from the same fruit: palm kernel oil, which is pressed from the hard seed, and the creamy aqueous extract of the fleshy mesocarp that the Igbo of south-eastern Nigeria use to prepare the popular palm-fruit sauce, Ofe-akwu or Banga (Okeke et al., 2009). Although both come from the palm fruit, they differ in composition and in the way they are prepared, and they are eaten in fairly large amounts. Palm kernel oil in particular is rich in saturated fatty acids, mainly lauric and myristic acids (Pantzaris & Ahmad, 2001).
The oil palm fruit exists as three varieties that are distinguished mainly by the colour and pigment content of the fruit: Nigrescens (locally, Akwu Osukwu), Virescens (Akwu Ojukwu) and Albo-nigrescens (Akwu Okporoko). These varieties are not only different in appearance, but they also differ in their content of carotenoids and other minor constituents (Ogbuanu et al., 2015). Palm-derived foods are a well-known source of lipid-soluble antioxidants such as carotenes and the vitamin E family of tocopherols and tocotrienols (Benade, 2003; Nagendran et al., 2000; Oguntibeju et al., 2010). For this reason, it is reasonable to expect that palm products, and possibly the different varieties, may influence the antioxidant status of the body in different ways.
Oxidative stress arises when the production of reactive oxygen species outpaces the body's ability to neutralise them, and it has been linked to a wide range of diseases, cancer included (Li et al., 2024). The body defends itself with a network of antioxidants, of which superoxide dismutase (SOD) and catalase are the first line of enzymatic defence: SOD converts the superoxide radical to hydrogen peroxide, and catalase breaks the hydrogen peroxide down to water and oxygen (Bhattacharya et al., 2003; Shaheen & Abd El-Fattah, 1995). When these defences are overwhelmed, membrane lipids are attacked and broken down, and malondialdehyde (MDA), a stable end-product of this process, is commonly measured as an index of lipid peroxidation. Soybean oil, which is widely used as a dietary vegetable oil and is often taken as a reference oil, is high in polyunsaturated fatty acids; these are nutritionally valuable but are also more prone to oxidation, so the reported effects of soybean oil on antioxidant enzymes and MDA are not always consistent (Oarada et al., 2008; Sarsilmaz et al., 2003).
Despite how much palm oil is consumed in Nigeria, there is little information on how these particular products — the kernel oil and palm-fruit sauce (palm fruit water extract) — and the different fruit varieties affect the body's antioxidant defences and lipid peroxidation, and how they compare with a common vegetable oil like soybean oil. The present study was carried out to fill that gap. We measured serum SOD and catalase activities, and MDA concentration in rats fed the palm-fruit water extract and crude palm kernel oil of the three varieties, and compared them with refined and crude soybean oil controls.

2. material and methods

2.1 Test oils and extracts
Refined and crude soybean oils were obtained from Sonchi Farms, Emene, Enugu State, and refined palm kernel oil (Presco's Palpita brand) was bought at the Eke-Awka market. Three varieties of palm fruit (Nigrescens, Virescens and Albo-nigrescens) were collected from the Eke-Awka market, Awka, and identified and authenticated in the Department of Botany, Nnamdi Azikiwe University, Awka. From each variety, two samples were prepared: the aqueous palm-fruit extract (PFWE) and the crude palm kernel oil (CPKO). For the water extract, the fruits were boiled until the mesocarp was soft, pounded, mixed with warm water and squeezed, and the liquid was sieved and then boiled down until the water evaporated, leaving the palm-oil sauce. For the crude palm kernel oil, the kernels were sun-dried, shelled, ground to a paste, and the paste heated with water so that the oil was skimmed off and stored.

2.2 Experimental animals and diet
Sixty male Wistar rats weighing 40–50 g were obtained from Chris Farm, Awka, and housed in the animal house of the Department of Applied Biochemistry, Nnamdi Azikiwe University. The animals were acclimatised for three days on the basal diet without the test samples. After acclimatisation, a baseline group of six rats was sacrificed to establish the starting values of the parameters. The remaining rats were then assigned to nine groups of six. Each diet was compounded from 65% corn flour, 22% fish-meal powder, 4% vitamin premix, and 9% of the test oil or extract; the 9% level was chosen to reflect the recommended daily intake of oils (Trumbo et al., 2001). The two control groups received refined soybean oil and crude soybean oil differently, the other groups received refined palm kernel oil, or the PFWE and CPKO of the three varieties. Feed and water were given freely for eight weeks.

2.3 Collection of blood samples
At the end of the feeding period, the animals fasted overnight and were sacrificed. Blood was collected and allowed to clot, then centrifuged at 4,000 rpm for 15 minutes, and the serum was separated and used for the assays.

2.4 Determination of superoxide dismutase (SOD) activity
SOD activity was assayed by the method of Sun and Zigman (1978), which is based on the ability of the enzyme to inhibit the auto-oxidation of epinephrine to adrenochrome under alkaline conditions. Serum was added to a sodium carbonate buffer (0.05 M, pH 10.2) containing EDTA, the reaction was started with epinephrine (0.3 mM), and the increase in absorbance was followed at 480 nm for 5 minutes against a blank without serum. One unit of activity was taken as the amount of enzyme causing 50% inhibition of epinephrine auto-oxidation, and results were expressed in U/mL.

2.5 Determination of catalase activity
Catalase activity was determined by the method of Sinha (1972). The enzyme was allowed to act on hydrogen peroxide for a fixed time, and the residual hydrogen peroxide was reacted with dichromate in acetic acid on heating to form a green chromic acetate complex, read at 570 nm. The intensity of the colour is inversely related to catalase activity, and results were expressed in U/mL.

2.6 Determination of malondialdehyde (MDA)
Lipid peroxidation was estimated as MDA by the thiobarbituric acid method of Buege (1978). Serum was reacted with thiobarbituric acid reagent, heated in a boiling water bath at 95 °C for 15 minutes, cooled on ice, and centrifuged, and the pink chromogen in the supernatant was read at 532 nm against a standard. Results were expressed in µmol/mL.

2.7 Statistical analysis
Results are presented as mean ± standard error of the mean (SEM) for six animals per group. Before analysis, the data were checked for normality (Shapiro–Wilk and Kolmogorov–Smirnov tests) and for equality of variances (Levene's test). Group means were then compared by one-way analysis of variance (ANOVA) followed by Tukey's honestly significant difference test, using IBM SPSS Statistics. The value of P ≤ .05 was taken as significant.

3. results and discussion

The serum SOD, catalase activities, and MDA concentrations of the different groups are shown in Table 1. Across the three parameters, the groups differed in their mean values, but none of these differences reached statistical significance (SOD P = .85; catalase P = .08; MDA P = .15). The results are therefore discussed as trends rather than as firm effects, which is a reasonable position given the six-animal groups and the natural variability of these enzyme assays.
Table 1.	Serum superoxide dismutase (SOD), catalase activities and malondialdehyde (MDA) concentration in Wistar rats fed the test oils and extracts for eight weeks (mean ± SEM, n = 6).
	Group
	SOD (×10⁻⁵ U/mL)
	Catalase (×10⁻² U/mL)
	MDA (×10⁻⁶ µmol/mL)

	Baseline
	1.936 ± 0.501
	11.226 ± 1.447
	2.533 ± 0.438

	Refined soybean oil (control)
	1.959 ± 0.378
	8.780 ± 0.405
	1.873 ± 0.075

	Crude soybean oil
	2.069 ± 0.106
	7.945 ± 0.507
	1.870 ± 0.150

	Refined palm kernel oil
	1.374 ± 0.332
	8.360 ± 0.886
	2.218 ± 0.039

	PFWE Nigrescens
	1.122 ± 0.257
	8.804 ± 0.424
	2.460 ± 0.412

	PFWE Virescens
	0.789 ± 0.223
	7.335 ± 1.310
	1.509 ± 0.381

	PFWE Albo-nigrescens
	1.323 ± 0.305
	8.023 ± 0.552
	2.456 ± 0.226

	CPKO Nigrescens
	2.395 ± 1.568
	9.289 ± 0.348
	1.784 ± 0.102

	CPKO Virescens
	1.505 ± 0.395
	6.468 ± 1.553
	2.220 ± 0.110

	CPKO Albo-nigrescens
	0.986 ± 0.140
	8.606 ± 0.739
	2.150 ± 0.110

	P-value
	= .85
	.08
	.15


*PFWE, palm-fruit water extract; CPKO, crude palm kernel oil. Differences among groups were not statistically significant (one-way ANOVA, P > .05).
For SOD, the highest activities were recorded in the CPKO Nigrescens group (2.395×10⁻⁵ U/mL), the crude and refined soybean oil groups (2.069 and 1.959×10⁻⁵ U/mL) and the baseline (1.936×10⁻⁵ U/mL), while the PFWE Virescens (0.789×10⁻⁵ U/mL) and CPKO Albo-nigrescens (0.986×10⁻⁵ U/mL) groups had the lowest. A higher SOD activity points to a stronger first line of defence against the superoxide radical. Dietary oils rich in saturated fatty acids have previously been shown to modify the activity of antioxidant enzymes in rats (Kochikuzhyil et al., 2010), and the relatively good showing of the crude kernel oils and the soybean oils here is broadly in keeping with that.
Catalase followed a similar trend as SOD. It was highest in the baseline (11.226×10⁻² U/mL), CPKO Nigrescens (9.289×10⁻² U/mL) and PFWE Nigrescens (8.804×10⁻² U/mL) groups, and lowest activities were in the CPKO Virescens (6.468×10⁻² U/mL) and PFWE Virescens (7.335×10⁻² U/mL) groups. The fact that the Nigrescens groups were high and the Virescens groups low for both enzymes suggests variety effects in the antioxidant potentials that run across the two products, even if they did not attain a level of significance.
The MDA results show that the baseline group had the highest MDA (2.533×10⁻⁶ µmol/mL), followed by the PFWE Nigrescens (2.460×10⁻⁶) and PFWE Albo-nigrescens (2.456×10⁻⁶) groups. The lowest MDA values were found in the PFWE Virescens group (1.509×10⁻⁶), and in the crude and refined soybean oils (1.870 and 1.873×10⁻⁶). Since a lower MDA means less lipid peroxidation, these groups appear to have stronger antioxidant properties.
Consideration of the three parameters together shows that the baseline group combined the highest MDA with high SOD and catalase activity. This is what one would expect if the antioxidant enzymes are being driven up in response to an existing oxidative load, and it agrees with the general understanding that SOD and catalase rise to mop up excess reactive oxygen species (Bhattacharya et al., 2003; Shaheen & Abd El-Fattah, 1995). The soybean oils behaved well, pairing low MDA with fairly high SOD, which is consistent with a protective effect and with the report of Oarada et al. (2008). It should be said, though, that soybean oil is high in polyunsaturated fat and that larger amounts have been reported to raise oxidative stress (Sarsilmaz et al., 2003; Zhang et al., 2015); at the moderate 9% dietary level used here, no such pro-oxidant effect was seen.
The Virescens water extract stands out for an unusual combination: it had the lowest MDA but also the lowest SOD. One plausible explanation is that the extract supplies its own antioxidants directly. The Virescens variety is comparatively rich in carotenoids (Ogbuanu et al., 2015), and palm-fruit extracts generally carry carotenes and tocotrienols that can quench free radicals without the help of enzymes (Benade, 2003; Nagendran et al., 2000; Zamora Rodríguez et al., 2007). If these non-enzymatic antioxidants take on much of the work, the demand on SOD falls, and its measured activity would be lower even while lipid peroxidation stays low. This would also fit the idea that minimally processed palm products retain nutrients that are otherwise lost (Edem, 2009). On average, the CPKO groups showed higher SOD (1.660×10⁻⁵ U/mL) than the PFWE groups (1.123×10⁻⁵ U/mL), while their average MDA values were similar and, or really, slightly lower for the CPKO groups (2.009 versus 2.221×10⁻⁶ µmol/mL).
Palm oil from the Virescens variety is commonly used in Igbo ethnomedicine as an antidote for poisons in the body. It is possible that its mode of action could include suppression of lipid peroxidation and reactive oxygen species, as indicated by its low MDA level and the concomitant reduction of SOD and Catalase. The direction of the results is consistent: the soybean oils and the Virescens water extract were repeatedly associated with the lowest lipid peroxidation. Given the accepted link between oxidative stress and the development of cancer (Li et al., 2024), and other degenerative diseases, a diet that keeps lipid peroxidation low is a desirable feature.

4. Conclusion

Fed at a normal dietary proportion for eight weeks, neither the palm kernel oils nor the palm-fruit water extracts significantly altered serum SOD and catalase activities or increased lipid peroxidation when compared with soybean oil. The soybean oils and, in particular, the Virescens palm-fruit water extract were associated with the lowest MDA, suggesting the least oxidative burden. These findings indicate that moderate consumption of these palm products is not pro-oxidant. In plain terms, they did not drive up the formation of harmful free radicals or the oxidative breakdown of body fats (measured here as MDA), and they did not weaken the antioxidant enzymes (SOD and catalase) that keep such damage in check; at these intakes, the oils placed no extra oxidative strain on the animals. The Virescens variety, with its apparent ability to keep lipid peroxidation low, deserves closer attention. Longer feeding studies, larger groups, and measurement of tissue antioxidants and of the non-enzymatic antioxidants in the extracts would help to confirm and explain these observations.

Competing interests

The authors declare no competing interests.


Ethical approval

All animals received humane care in line with the principles of laboratory animal care of the National Society for Medical Research and the Guide for the Care and Use of Laboratory Animals (National Institutes of Health, 1985). The experimental protocol was approved by the Department of Applied Biochemistry, Nnamdi Azikiwe University, Awka.


Declaration of AI Use



This manuscript was prepared through the intellectual contributions of the author(s) to the study design, data analysis, interpretation of results, and scholarly content. Grammarly and ChatGPT were used solely to assist with grammatical refinement and reference formatting during manuscript revision. The author(s) accept full responsibility for the accuracy, integrity, and final content of the manuscript.


References

Okeke, E. C., Ene-Obong, H. N., Uzuegbunam, A. O., Ozioko, A., Umeh, S. I., & Chukwuone, N. (2009). The Igbo traditional food system documented in four states in southern Nigeria. Indigenous Peoples’ Food System: The Many Dimensions of Culture Diversity and Environment for Nutrition and Health, 251–291.
Pantzaris, T., & Ahmad, M. (2001). Properties and Utilization of Palm Kernel Oil. Palm Oil Developments, 35.
Ogbuanu, C. C., Chime, C. C., & Nwagu, L. N. (2015). Physiochemical and fatty acid analysis of Virescens (Ojukwu) oil and Nigrescens (ordinary) palm oil of Eleaisguineensis. African Journal of Food Science, 9(7), 400–405.
Benade, A. J. (2003). Place for palm fruit oil to eliminate vitamin A deficiency. Asia Pacific Journal of Clinical Nutrition, 12(3).
Nagendran, B., Unnithan, U. R., Choo, Y. M., & Sundram, K. (2000). Characteristics of red palm oil, a carotene-and vitamin E–rich refined oil for food uses. Food and Nutrition Bulletin, 21(2), 189–194.
Oguntibeju, O. O., Esterhuyse, A. J., & Truter, E. J. (2010). Possible role of red palm oil supplementation in reducing oxidative stress in HIV/AIDS and TB patients: A Review. Journal of Medicinal Plants Research, 4(3), 188–196.
Li, K., Deng, Z., Lei, C., Ding, X., Li, J., & Wang, C. (2024). The Role of Oxidative Stress in Tumorigenesis and Progression. Cells, 13(5). https://doi.org/10.3390/cells13050441 PMID: 38474405
Bhattacharya, A., Lawrence, R. A., Krishnan, A., Zaman, K., Sun, D., & Fernandes, G. (2003). Effect of dietary n-3 and n-6 oils with and without food restriction on activity of antioxidant enzymes and lipid peroxidation in livers of cyclophosphamide treated autoimmune-prone NZB/W female mice. Journal of the American College of Nutrition, 22(5), 388–399.
Shaheen, A. A., & Abd El-Fattah, A. A. (1995). Effect of dietary zinc on lipid peroxidation, glutathione, protein thiols levels and superoxide dismutase activity in rat tissues. The International Journal of Biochemistry & Cell Biology, 27(1), 89–95. https://doi.org/https://doi.org/10.1016/1357-2725(94)00053-0
Oarada, M., Tsuzuki, T., & Miyazawa, T. (2008). Effect of dietary soybean oil on lipid peroxidation and antioxidant enzyme activities in rats. Journal of Nutritional Science and Vitaminology, 54(5), 384–390.
Sarsilmaz, M., Songur, A., Ozyurt, H., Kus, I., Ozen, O. A., & Zararsiz, I. (2003). The effects of dietary soybean oil on the liver and kidney tissues of rats: A stereological and histopathological study. Turkish Journal of Medical Sciences, 33(4), 235–241.
Trumbo, P., Yates, A. A., Schlicker, S., & Poos, M. (2001). Dietary reference intakes. Journal of the American Dietetic Association, 101(3), 294.
Sun, M., & Zigman, S. (1978). An improved spectrophotometric assay for superoxide dismutase based on epinephrine autoxidation. Analytical Biochemistry, 90(1), 81–89.
Sinha, A. K. (1972). Colorimetric assay of catalase. Analytical Biochemistry, 47(2), 389–394.
Buege, J. A. (1978). Microsomal lipid peroxidation. Methods in Enzymology, 52, 302–310.
Kochikuzhyil, B. M., Devi, K., & Fattepur, S. R. (2010). Effect of saturated fatty acid-rich dietary vegetable oils on lipid profile, antioxidant enzymes and glucose tolerance in diabetic rats. Indian Journal of Pharmacology, 42(3), 142.
Zhang, W., Li, X., & Xu, X. (2015). Effects of soybean oil on oxidative stress and antioxidant enzyme activities in rats. Journal of Food Science and Technology, 52(6), 3567–3573.
Zamora Rodríguez, Z. B., Gonzalez Alvarez, R., Guanche, D., Merino, N., Hernandez Rosales, F., Menendez Cepero, S., Alonso Gonzalez, Y., & Schulz, S. (2007). Antioxidant Mechanism is Involved in the Gastroprotective Effects of Ozonized Sunflower Oil in Ethanol‐Induced Ulcers in Rats. Mediators of Inflammation, 2007(1), 65873.
Edem, D. O. (2009). Haematological and histological alterations induced in rats by palm oil-containing diets. Eur J Sci Res, 32(3), 405–418.
National Institutes of Health. (1985). Guide for the care and use of laboratory animals. National Academies.
 




.     
.
              . 
                     
	.
..





