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1. Introduction 
Vegetable oils are lipids extracted from plant sources and are widely used in food production, cooking, 

and frying. Due to their chemical composition, particularly their high content of unsaturated fatty acids, 

vegetable oils are generally considered healthier alternatives to animal fats. However, many vegetable oils 
have limited industrial applications in their native form because of their inherent chemical and physical 

properties (Rani et al., 2023; Tan, 2023). Commonly studied oils such as palm oil, soybean oil, canola oil, and 

sunflower seed oil dominate both research and commercial use, while indigenous oilseeds remain 

underexplored (Shahbandeh, 2023). 
African oil bean seed (Pentaclethra macrophylla), locally known as Ugba, is an underutilized tropical 

crop widely consumed in southern Nigeria as a traditional food condiment (Obasi et al., 2019; Akinwande et 

al., 2020). The seeds are rich in proteins, essential amino acids, minerals, vitamins, and bioactive compounds 
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such as flavonoids, tannins, and saponins. Its oil is particularly notable for its high proportion of unsaturated 

fatty acids, including oleic and linoleic acids, as well as antioxidant compounds such as tocopherols. These 
attributes suggest potential health benefits, including improved lipid profiles and reduced risk of cardiovascular 

diseases, as well as possible anti-inflammatory and anticancer effects (Obasi et al., 2019; Akinwande et al., 

2020). Despite these promising characteristics, the oil remains insufficiently studied, particularly in terms of 

its functional and stability properties. 
Palm olein, the liquid fraction obtained from the controlled fractionation of palm oil, is widely used as 

a frying oil due to its favorable oxidative stability and resistance to thermal degradation (Elburg, 2023; 

Kyriakopoulou et al., 2021). It contains a balanced composition of unsaturated fatty acids and natural 
antioxidants such as tocotrienols and carotenoids, contributing to its extended shelf life and stability during 

high-temperature applications (Basiron and Chan, 2020; Rohman et al., 2021). Its compatibility with other 

vegetable oils also makes it suitable for blending to enhance functional and nutritional properties (Kurek et al., 

2017). 
A major challenge associated with edible oils is oxidative rancidity, a degradation process driven 

primarily by the oxidation of unsaturated fatty acids, leading to the formation of undesirable compounds such 

as peroxides, aldehydes, and ketones (Al-Farga et al., 2020; Frankel, 2018). This process adversely affects the 
sensory quality, nutritional value, and safety of oils. Improving oxidative stability is therefore critical for 

extending shelf life and maintaining quality. Various modification techniques, including hydrogenation, 

interesterification, fractionation, and blending, have been employed to address this issue (Basiron and Chan, 
2020). Among these approaches, oil blending is particularly advantageous as it allows for the optimization of 

physicochemical properties, nutritional composition, and oxidative stability without altering the natural 

structure of the oils. While both African oil bean seed oil and palm olein possess desirable characteristics, 

there is limited information on their combined performance, particularly regarding oxidative stability.  
Therefore, this study aims to evaluate the oxidative stability of blends of African oil bean seed oil and 

palm olein. By addressing this gap, the study seeks to provide insights into the potential of these blends for 

improved shelf life, enhanced nutritional quality, and broader industrial and culinary applications 
 

2. Material and Method  

Material 
Fresh seeds of African oil bean seeds (Nsukka variety) were procured from Garki market in Enugu North 

Local Government Area, Enugu. Refined palm olein was purchased from edible oils segment of shoprite stores, 

Umuahia Abia State. Processing of African oil bean seeds was carried out at Food Science and Technology 
Laboratory, Michael Okpara University of Agriculture, Umudike (MOUAU). Extraction of African oil bean 

seed oil was done using Soxhlet apparatus and was carried out at the National Root Crop Research Institute. 

All reagents will be of analytical grade. 

 

Chemicals 

The chemicals used included n-hexane, potassium iodide solution, acetic acid–dichloromethane solvent 

mixture (3:2 v/v), starch solution (1%), 0.01 N sodium thiosulfate solution, diethyl ether–ethanol mixture (1:1 
v/v), phenolphthalein indicator, 0.1 N potassium hydroxide solution, 3.86% perchloric acid, carbon 

tetrachloride, and Wij’s solution. 

 

Experimental design 

The study employed a completely randomized design (CRD). Five oil samples comprising pure oils 

and their blends were prepared and analyzed. Oxidative stability was monitored over a 12-day storage period 

under accelerated conditions, with measurements taken at 3-day intervals (days 0, 3, 6, 9, and 12). All analyses 
were conducted in triplicate. 

 

Processing of African oil bean seeds into flour 
African oil bean seeds were processed into flour following the method of Onwuzuruike et al. (2025) 

with slight modifications. One kilogram of seeds was cleaned and sorted to remove defective ones. The 

selected seeds were boiled at 100°C for 20 min, manually cracked, and dehulled using a stainless-steel knife. 
The cotyledons were washed with potable water and cut into small pieces (approximately 1.5 cm). The samples 
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were dried in a hot air oven (Model SX3-4.5-15, China) at 60°C for 24 h. The dried samples were milled using 

an electric blender (Model 2268-94A, Binatone, China) to obtain flour, which was then stored in airtight 
containers for further use. 

 

Extraction of African oil bean seed oil   

Oil extraction was carried out using the Soxhlet method as described by Onwuzuruike et al. (2022) with 
slight modification. A 100 g portion of the flour was placed in a thimble and extracted with 350 mL of n-

hexane in a 500 mL round-bottom flask. The extraction was performed at 69°C for 12 h. After extraction, the 

solvent was recovered using a rotary evaporator, and the extracted oil was collected, weighed, and stored in 
amber-colored airtight containers. The extraction was repeated to obtain sufficient oil for analysis. 

 

Oil yield determination 

The percentage yield of from the oil seeds was calculated using the equation 1 described by Adepoju et 
al. (2019). 

𝑂𝑖𝑙 𝑦𝑖𝑒𝑙𝑑 (%) =
𝑊𝑜

𝑊𝑠
× 100 (1) 

 

Where: Wo = mass of oil extracted (g), Ws = mass of the seed (g). 

 

Formulation of oil blends 

Refined palm olein and oil from African oil bean seeds were blended in different proportions as shown in 

Table 1. The sample codes are also presented in Table 1. 

Table 1. Formulation of oil blends (%) 

Sample codes African oil bean seed oil (AB) Refined palm olein  oil (RPO) 

RPO100  100 0 

AB100 0 100 

RPO15:AB85 15 85 

RPO30:AB70 30 70 

RPO50:AB50 40 60 

Keys: RPO – Refined Palm Olein, AB - African oil bean seed oil 

 

Oxidative stability studies 

Oxidative stability was evaluated using the the Schaal oven test as described by Djikeng et al. (2018). 

Oil samples were stored in an oven at 70°C for 12 days. Samples were withdrawn at 3-day intervals (days 0, 
3, 6, 9, and 12) for analysis. 

 

Determination of stability indices 

Peroxide value was determined according to the AOCS (1993c) method. Free fatty acids were 
determined according to AOCS (1993d) method. The thiobarbituric acid number was determined as described 

by AOAC (1999) while iodine value was determined according to the AOCS (1993b) method. 

 

Determination of vitamin E content  

The method described by Dauqan (2011) will be used to determine the vitamin E. About 1 gram of the 

oil sample was accurately weighed using an analytical balance. This sample was then dissolved in 10 mL of 

hexane or ethanol in a volumetric flask. The solution was mixed thoroughly to ensure complete dissolution of 
the oil. Following this, the mixture was subjected to centrifugation to separate any solid impurities. The clear 

supernatant was carefully transferred to a clean container. If hexane was used, the solvent was evaporated 

using a rotary evaporator at a controlled temperature, leaving behind the extracted vitamin E in a concentrated 
form. After the extraction, the remaining residue was re-dissolved in a known volume of mobile phase solvent 

suitable for HPLC, usually a mixture of hexane and isopropanol. The solution was filtered through a 0.45-

micron filter to remove any particulate matter before being placed in an HPLC vial. Next, the HPLC system 
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was calibrated using a standard solution of alpha-tocopherol. The flow rate and temperature of the column 

were set according to the method specifications. The sample was then injected into the HPLC system, and the 
retention time for vitamin E was recorded. The UV detector was set to an appropriate wavelength, often around 

292 nm, to detect vitamin E. The peaks corresponding to alpha-tocopherol were analyzed, and the area under 

the curve was calculated. The concentration of vitamin E in the oil samples was determined by comparing the 

sample peaks to those of the standard solutions, using a calibration curve. 
 

Determination of the beta carotene content 

The method described by Dauqan (2011) will be used to determine the beta carotene. The 
determination of beta-carotene followed a similar extraction process but required a different approach for 

quantification. Five (5) grams of the oil samples were weighed accurately using an analytical balance. This 

sample was then dissolved in 20 mL of hexane, which is an effective solvent for extracting beta-carotene. The 

mixture was shaken vigorously and then allowed to stand for a few minutes to facilitate the separation of 
phases. After settling, the hexane layer was carefully pipetted off into a clean volumetric flask, ensuring that 

no water or solid residue was included. Once the extract was prepared, the absorbance of the beta-carotene 

solution was measured using a spectrophotometer at a wavelength of 450 nm, where beta-carotene has a 
maximum absorption. To calculate the beta-carotene content, the following formula was applied (eq. 2). 

 

Beta − Caroten =
𝐴450 × 𝐷 × 𝑉

∈×  L
 (2) 

 

Statistical analysis 

The experimental data were expressed as mean ± SD (standard deviation). The data were subjected to 

one-way analysis of variance (ANOVA) while the Duncan Multiple Range Test (DMRT) method was used to 

compare the means of experimental data at 95% confidence interval. All statistical analyzes were done using 
the Statistical Product of Service Solution version 20.0 software. 

 

3.  Results and Discussion  

Oil yield of African oil bean seeds 

The oil yield of African oil bean seed was presented in Table 2. The percentage oil yield of African oil 

bean seeds was 43.21% which classifies the oil seed as a viable source of vegetable oil. The oil content obtained 
from this study was below the oil content reported by Esther et al. (2008) (47.90%), while Ordu and Yingobo 

(2021) and Osabor et al. (2017) reported lower oil yield of 38.09% and 25.54%. respectively. Oil seeds with 

oil content above 25% are considered to be good sources of edible oils (Akindele and Nsuhoridem, 2018). The 

oil yields of the present study exceeded 25% and may therefore be classified as good sources of edible oils for 
possible commercial exploitation. 

Table 2. Percentage oil yield of African oil bean seed oil. 

Sample Percentage oil yield (%) 

African oil bean seed oil 43.21±0.07 

Values are means + standard deviation of duplicate determination 

 

Changes in the peroxide value (PV) of African oil bean seed oil and refined palm olein oil blends 
Table 3 presents the changes in peroxide value (PV) of African oil bean seed oil (AB), refined palm 

olein (RPO), and their blends over a 12-day storage period. PV increased in all samples, indicating progressive 

lipid oxidation. RPO100 increased from 5.91 to 9.42 meq O₂/kg, AB100 from 1.52 to 13.14 meq O₂/kg, 
RPO15AB85 from 6.20 to 12.36 meq O₂/kg, RPO30AB70 from 7.46 to 9.41 meq O₂/kg, and RPO50AB50 

from 8.16 to 9.42 meq O₂/kg. These changes were significantly different (p < 0.05) among the samples. 

The results indicate that although AB100 had the lowest initial PV, it exhibited the highest rate of 
oxidation during storage, exceeding the Codex limit by day 9. In contrast, RPO100 maintained relatively stable 

PV values throughout the study, remaining within acceptable limits. The higher initial PV observed in RPO100 

may be attributed to prior storage conditions before purchase, while the rapid increase in AB100 suggests 
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greater oxidative susceptibility. Blending improved oxidative stability, as samples with higher proportions of 

refined palm olein (RPO30AB70 and RPO50AB50) showed slower PV development compared to those with 
higher African oil bean seed oil content. This trend highlights the stabilizing role of palm olein in the blends. 

Oils rich in polyunsaturated fatty acids, such as African oil bean seed oil, are more prone to oxidation, whereas 

palm olein, with a higher proportion of monounsaturated and saturated fatty acids, exhibits greater resistance 

to oxidative deterioration. Similar observations have been reported by Bordon et al. (2019) and Chen and Liu 
(2020). 

Peroxide value reflects the formation of primary oxidation products (hydroperoxides), and its increase 

is associated with deterioration in oil quality (Shahidi and Zhong, 2020). According to Codex Alimentarius 
(2011), the acceptable limit for PV in edible oils is 10 meq O₂/kg. In this study, all samples were within this 

limit up to day 6, but AB100 and RPO15AB85 exceeded the threshold at later stages, indicating reduced 

stability in blends with higher African oil bean oil content. Overall, the findings demonstrate that increasing 

the proportion of refined palm olein enhances oxidative stability, while higher levels of African oil bean seed 
oil accelerate peroxide formation. This suggests that optimal blending ratios are critical for balancing 

nutritional benefits and storage stability, reinforcing the potential of palm olein as a stabilizing component in 

edible oil formulations (Dhyani et al., 2022). 
 

Table 3. Changes in the peroxide value (PV) of African oil bean seed oil and refined palm olein oil blends 

Sample 
Storage period (days) 

0 day 3 days 6 days 9 days 12 days 

RPO100 5.91d± 1.52 6.37c± 0.52 7.07d±0.00 7.29d±0.80 7.42d±0.00 

AB100 1.52e± 1.69 4.02d± 0.69 8.96c±0.03 11.58a±1.52 13.14a±0.03 

RPO15:AB85 6.20c±1.36 8.51ab±0.36 9.97a±0.13 10.97b±2.29 12.36b±0.13 

RPO30:AB70 7.46b±1.46 7.49b±0.46 8.30bc±0.05 9.03c±0.05 9.41c±0.05 

RPO50:AB50 8.16a±0.71 8.58a±0.61 8.91b±0.10 9.14c±1.37 9.42c±0.10 

Mean values are mean ± standard deviation of duplicate determination. Mean value in the same column with different 

superscripts are significantly different (P<0.05). Key RPO – Refined palm olein oil, AB-African oil bean seed. AB100= 

African oil bean seed 100. RPO 100= Refined palm olein oil 100. RPO15:AB85= Refined palm olein oil 15, AB-African 
oil bean seed 85. RPO30:AB70= Refined palm olein oil 30, AB-African oil bean seed 70. RPO50:AB50= Refined palm 

olein oil 50, AB-African oil bean seed 50 

 

Changes in the free fatty acids (FFA) of African oil bean seed oil and refined palm olein oil blends 
Changes in free fatty acid (FFA) content of blends of African oil bean seed oil (AB) and refined palm 

olein (RPO) over 12 days of storage are presented in Table 4. FFA is a key indicator of oil quality, reflecting 

triglyceride hydrolysis, which can lead to rancidity and off-flavors (El Idrissi et al., 2023). Significant 

differences (p<0.05) were observed among the samples. RPO100 increased from 1.06 to 2.75%, AB100 from 
0.45 to 5.05%, RPO15:AB85 from 1.28 to 4.36%, RPO30:AB70 from 1.97 to 3.63%, and RPO50:AB50 from 

2.10 to 2.86%. The higher FFA accumulation in African oil bean oil-rich samples indicates greater 

susceptibility to lipolytic degradation compared to RPO. This is likely due to African oil bean seed oil’s higher 
polyunsaturated fatty acid content, which is more prone to hydrolysis. In contrast, the lower FFA formation in 

100% RPO reflects its higher oxidative and hydrolytic stability, associated with lower unsaturation and 

refinement. These trends are consistent with previous studies. Elouafy et al. (2022) reported that oils with 
higher unsaturation show faster FFA development during storage. Similarly, Espinola et al. (2021) observed 

that refined palm olein exhibits lower initial and progressive FFA values compared to blends with 

polyunsaturated oils, aligning with the low FFA observed in RPO100 in this study. According to Codex 

Alimentarius (2011), acceptable FFA limits are below 0.5% for refined oils and 5% for crude oils. All samples 
met the CODEX standards after 12 days except AB100, which exceeded the refined oil limit, confirming its 

greater susceptibility to lipolytic degradation. Overall, blending RPO with AB mitigates FFA accumulation, 

improving storage stability while retaining some of AB's nutritional benefits. 
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Table 4. Changes in the free fatty acid (FFA) of African oil bean seed oil and refined palm olein oil blends 

Sample 
Storage period (days) 

0 day 3 days 6 days 9 days 12 days 

RPO100 1.06d±1.07 1.56a±0.67 2.05e±0.02 2.43a±1.56 2.75d±0.02 

AB100 0.45a±1.49 1.69b±0.49 2.84d±0.04 4.14d±0.47 5.05c±0.04 

RPO15:AB85 1.28b±1.46 1.42c±0.46 2.70b±0.10 3.91c±1.44 4.36a±0.10 

RPO30:AB70 1.97c±1.19 1.97c±0.49 2.16c±0.05 2.27b±1.50 3.63b±0.05 

RPO50:AB50 2.10e±1.05 2.21b±0.55 2.29a±0.10 2.45e±0.42 2.86a±0.10 

Mean values are mean ± standard deviation of duplicate determination. mean value in the same column with different 

superscripts are significantly different (P<0.05). Key RPO – Refined palm olein oil, AB-African oil bean seed. AB100= 

African oil bean seed 100. RPO 100= Refined palm olein oil 100. RPO15:AB85= Refined palm olein oil 15, AB-African 

oil bean seed 85. RPO30:AB70= Refined palm olein oil 30, AB-African oil bean seed 70. RPO50:AB50= Refined palm 

olein oil 50, AB-African oil bean seed 50 

 

Changes in the iodine value (IV) of African oil bean seed oil and refined palm olein oil blends  

Iodine value of African oil bean seed oil, refined palm olein and blends of African oil bean seed oil and 

refined palm olein are presented in Table 5. The iodine value (IV) of an oil is an index used to assess its level 

of unsaturation and susceptibility to rancidity (Onwuzuruike et al., 2025). There was significant (p<0.05) 
difference among the values. A decreasing trend in iodine values was generally observed in all samples over 

the storage period, indicating progressive reduction in unsaturation levels due to oxidative processes that break 

down double bonds in the fatty acids. AB100 had the highest iodine value while RPO100 had the lowest value 
throughout the storage period (Fadda et al., 2022). The IVs of the oils decreased with storage indicating 

depletion of double bonds. AB100 decreased from 118.48 to 87.41 g I2 /100 g, RPO100 decreased from 88.04 

to 78.32 g I2 /100 g, RPO15:AB85 decreased from 114.16 to 92.74 g I2 /100 g, RPO30:AB70 decreased from 
110.57 to 95.21 g I2 /100 g, RPO50:AB50 decreased from 102.20 to 94.14 g I2 /100 g respectively.  

 

Table 5. Changes in the iodine value (IV) (g I2 /100 g) of African oil bean seed oil and refined palm olein oil 

blends 

Samples 
Storage period (days) 

0 day 3 days 6 days 9 days 12 days 

AB100  118.48a±0.01 112.41a±0.06 107.32a±0.03 101.11b±0.01 87.41d±0.01 

RPO100 88.04g±0.04 84.91g±0.04 81.66f±0.01 79.17d±0.03 78.32e±0.04 

RPO15:AB85 114.16d± 0.05 112.44e± 0.15 106.1e± 0.15 103.25b±1.79 92.74e± 0.15 

RPO30:AB70 110.57a±1.19 106.57a±1.19 101.46a±1.19 97.16c±1.61 95.21b±1.19 

RPO50:AB50 102.20c±0.81 99.63b±0.81 98.27b±0.81 96.21d±1.46 94.14c±0.81 

Mean values are mean ± standard deviation of duplicate determination. Mean values in the same column with different 

superscripts are significantly different (P<0.05); Keys: RPO – Refined palm olein oil, AB-African bean seed oil; AB 
100= African oil bean seed 100; RPO 100= Refined palm olein oil 100; RPO15:AB85= Refined palm olein oil 15, AB-

African oil bean seed 85; RPO30:AB70= Refined palm olein oil 30, AB-African oil bean seed 70; RPO50:AB50= Refined 

palm olein oil 50, AB-African oil bean seed 50 

 

The iodine value (IV) is typically measured in grams of iodine absorbed per 100 grams of oil, 

quantifying the level of unsaturation in the oil. Higher IVs suggest greater amounts of unsaturated fatty acids, 
which may impact oil stability, nutritional profile, and susceptibility to rancidity. Hashempour-Baltork et al. 

(2018) found that the iodine value of unsaturated oils tends to decrease during storage due to oxidative 
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degradation. This observation was consistent with the findings of this study where samples with higher initial 

IV, especially those with more African oil bean seed oil content, experienced greater reductions over the 
storage period while blended oils with higher refined palm olein proportion had higher iodine value at the end 

of the storage period.  Consequently, blending African oil bean seed oil with refined palm olein significantly 

improved the stability of African oil bean seed oil. 

 

Changes in the thiobarbituric acid (TBA) of African oil bean seed oil and refined palm olein oil blends 

Thiobarbituric acid value of the oil samples are presented in Table 6. There was significant (p<0.05) in 

the values obtained. Pure African oil bean seed oil (AB100) had the highest TBA throughout the study period 
while 100% refined palm olein (RPO100) had the lowest TBA values. Consequently, blending both oils 

resulted in lower TBA values in the blended oils throughout the storage period. Decreasing TBA values could 

be linked to the reduction in the amount of oxidation-enhancing micro components and impurities capable of 

sporulating the oxidation process (Idrissi et al., 2022). Furthermore, high TBA in blends containing a high 
proportion of African oil bean seed oil suggests a more pronounced and possible occurrence of secondary 

oxidation and the presence of its subsequent products such as aldehydes and ketones compared to other oil 

samples. However, the TBA values increased steadily after each day of storage. AB100, RPO100, 
AB50:RPO50 AB70:RPO30 and AB85:RPO15 increased from 0.59 to 1.31 mg/g, 0.68 to 4.51 mg/g, 0.62 to 

1.76 mg/g, 0.69 to 2.04 mg/g and 0.74 to 3.09 mg/g respectively. The secondary stage of oxidation occurs 

when the hydroperoxides decompose to form carbonyls and other compounds, particularly aldehydes. This 
gives the oil a rancid smell and they are measured by thiobarbituric acid (TBA), being a quality marker for 

evaluating the quality of oils and fats (Kiralan et al., 2017). Thiobarbituric acid assay is the most widely used 

method for the measurement of secondary oxidation products, which may contribute to off-flavor of oxidized 

oils (Lakhlifi et al., 2024). The observed trend of increasing TBA values aligns with findings from other 
studies, which also reported a progressive increase in TBA values over storage periods for unsaturated oils 

(Motamedzadegan et al., 2020). 

 
Table 6. Changes in the thiobarbituric acid (TBA) (mg/g) of African oil bean seed oil and refined palm olein 

oil blends 

Samples 
Storage period (days) 

0 day 3 days 6 days 9 days 12 days 

RPO100  0.59e±0.71 0.87a±0.71 1.06a±0.53 1.21a±1.91 1.31a±0.53 

AB100 0.68b±1.19 0.96e±0.19 2.16e±0.36 3.31c±1.54 4.51e±0.36 

RPO50:AB50 0.62a±1.42 0.71c±0.42 1.04c±0.42 1.41b±1.77 1.76c±0.42 

RPO30:AB70 0.69d±1.07 0.76b±0.47 1.21b±0.47 1.82e±0.88 2.04b±0.47 

RPO15:AB85 0.74c±1.17 0.81d±0.37 1.30d±0.37 2.96d±1.46 3.09d±0.37 

Mean values are mean ± standard deviation of duplicate determination. Mean values in the same column with different 

superscripts are significantly different (P<0.05); Keys: RPO – Refined palm olein oil, AB-African bean seed oil; AB 

100= African oil bean seed 100; RPO 100= Refined palm olein oil 100; RPO15:AB85= Refined palm olein oil 15, AB-

African oil bean seed 85; RPO30:AB70= Refined palm olein oil 30, AB-African oil bean seed 70; RPO50:AB50= Refined 

palm olein oil 50, AB-African oil bean seed 50 

 

Changes in the vitamin E content of African oil bean seed oil and refined palm olein oil blends 

Table 7 shows the changes in vitamin E content of African oil bean seed oil (AB) and refined palm olein 
oil (RPO) blends over a 12-day storage period. There was significant (p<0.05) difference among the values. A 

decreasing trend in vitamin E was generally observed in all samples over the storage period, indicating 

progressive reduction in stability due to oxidative processes that break down double bonds. AB100 had the 

highest vitamin E content while RPO100 had the lowest value throughout the storage period. AB100 decreased 
from 18.63 to 9.81 mg/100 g, RPO100 decreased from 10.21 to 7.57 mg/100 g, RPO15:AB85 decreased from 

17.42 to 9.50 mg/100 g, RPO30:AB70 decreased from 16.81 to 11.79 mg/100 g, RPO50:AB50 decreased from 

14.32 to 11.09 mg/100 g respectively. Vitamin E, also known as tocopherol, is an antioxidant vitamin. It is 
sensitive to degradation upon exposure to light, heat, and oxygen during storage, and its decrease over time 
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signals reduced antioxidant protection within the oil (Ndomou et al., 2023). This trend indicates a gradual loss 

of antioxidant capacity in the oils over time, reflecting typical oxidative degradation. Blends with a higher 
proportion of refined palm olein oil tend to retain higher levels of vitamin E longer compared to those with 

higher African oil bean seed oil proportions, which may be due to the higher propensity of African oil bean 

seed oil to undergo oxidation as a result of their level of unsaturation (Pan et al., 2020). More so, the retention 

of higher vitamin E content in blended oils with higher refined palm olein may be due to the presence of higher 
saturation levels as well as the presence of tocopherol and tocotrienols which provide better stability against 

oxidative conditions (Pattnaik and Mishra, 2022).  

The declining trend in vitamin E observed in this study aligns with findings by Romani et al. (2021) and 
Ndomou et al. (2023), who reported that oils tocopherol content degrades during storage. Additionally, 

previous studies have shown that oils rich in unsaturated fatty acids have reduced oxidative stability (Shahid 

et al., 2024). The findings of the current study show that the addition of refined palm olein can improve the 

stability of African oil bean seed oil as well as vitamin E retention during storage. 

 

Table 7. Changes in the vitamin E (mg/100 g) of African oil bean seed oil and refined palm olein oil blends 

Samples 
Storage period (days) 

0 day 3 days 6 days 9 days 12 days 

AB100  18.63a±1.10 15.92b± 0.62 13.75d±0.09 10.53a±1.41 9.81d±0.09 

RPO100 10.21d±0.90 9.74d± 0.60 9.34e±0.04 8.23c1.11 7.57e±0.04 

RPO15:AB85 17.42c±1.00 13.73c±0.62 11.12a± 0.62 9.31b± 1.15 9.50a± 0.62 

RPO30:AB70 16.81b±1.07 15.83e±0.53 13.62c±0.15 12.10d0.52 11.79c±0.15 

RPO50:AB50 14.32e±0.71 13.23a±0.71 13.14b±0.16 12.11e±0.47 11.09b±0.16 

Mean values are mean ± standard deviation of duplicate determination. Mean values in the same column with different 

superscripts are significantly different (P<0.05); Keys: RPO – Refined palm olein oil, AB-African bean seed oil; AB 

100= African oil bean seed 100; RPO 100= Refined palm olein oil 100; RPO15:AB85= Refined palm olein oil 15, AB-

African oil bean seed 85; RPO30:AB70= Refined palm olein. 

 

Changes in the beta-carotene content of African oil bean seed oil and refined palm olein oil blends 

Table 8 shows the changes in beta-carotene levels of African oil bean seed oil (AB) and refined palm 

olein oil (RPO) blends over a 12-day storage period. There was significant (p<0.05) difference among the 
values. RPO100 had the highest beta-carotene content while AB100 had the lowest value throughout the 

storage period. AB100 decreased from 1.59 to 0.96 mg/100 g, RPO100 decreased from 3.59 to 2.08 mg/100 

g, RPO15:AB85 decreased from 1.73 to 1.02 mg/100 g, RPO30:AB70 decreased from 2.41 to 1.86 mg/100 g, 

RPO50:AB50 decreased from 2.81 to 2.08 mg/100 g respectively. Beta-carotene is a carotenoid that provides 
antioxidant protection to oils. Its levels often decrease during storage due to factors such as light, heat, and 

oxygen exposure, which lead to oxidation. A decreasing trend in beta-carotene was generally observed in all 

samples over the storage period, indicating progressive reduction in stability due to oxidative processes 
(Sharma et al., 2023). At day 0, the highest beta-carotene content was observed in the RPO100 sample (3.59 

mg/100 g), reflecting its high carotenoid composition. The lowest value was recorded in the AB100 sample 

(1.59 mg/100 g). By day 12, AB100 showed the lowest concentration of beta-carotene content (0.96 mg/100 

g), while the RPO50:AB50 blend retained the highest beta-carotene concentration (2.08 mg/100 g), 
demonstrating the stabilizing effect of refined palm olein oil. A clear trend of decreasing beta-carotene levels, 

observed across all samples over the storage period, aligns with findings from other studies, such as those by 

Romani et al. (2021) and Sharma et al. (2023), who reported decreasing beta-carotene content during storage. 
Also the findings from this study support the reports by Ndomou et al. (2023), who noted that oils with mixed 

fatty acid profiles, such as those in blended oils, have improved beta-carotene stability. Similarly, Torri et al. 

(2019) reported that combining oils with different compositions, such as African oil bean seed oil and refined 
palm olein in this study, can slow down the rate of beta-carotene degradation, possibly due to the interaction 

of different antioxidants in the blend. 
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Table 8. Changes in the beta-carotene (mg/100 g) of African oil bean seed oil and refined palm olein oil blends 

Samples 
Storage period (days) 

0 day 3 days 6 days 9 days 12 days 

AB100  1.59e±1.05 1.40b±0.43 1.16b±0.43 1.07b±1.22 0.96b±0.43 

RPO100 3.59b±1.32 3.26a±0.45 2.90e±0.04 2.88a±1.44 2.08e±0.04 

RPO15:AB85 1.73a±1.44 1.46c±0.43 1.25d±0.19 1.12c±1.11 1.02d±0.19 

RPO30:AB70 2.41c±1.29 2.31d±0.38 2.16c±0.38 2.05d±0.68 1.86c±0.38 

RPO50:AB50 2.81d±1.19 2.61e±0.36 2.27a±0.53 2.12e±0.53 2.08a±0.53 

Mean values are mean ± standard deviation of duplicate determination. Mean values in the same column with different 

superscripts are significantly different (P<0.05); Keys: RPO – Refined palm olein oil, AB-African bean seed oil; AB 

100= African oil bean seed 100; RPO 100= Refined palm olein oil 100; RPO15:AB85= Refined palm olein oil 15, AB-

African oil bean seed 85; RPO30:AB70= Refined palm olein oil 30, AB-African oil bean seed 70l RPO50:AB50= Refined 

palm olein oil 50, AB-African oil bean seed 50. 

4. Conclusion  

This study demonstrated the oxidative stability of African oil bean seed oil (AB) and its blends with 

refined palm olein (RPO) under accelerated storage conditions. While African oil bean seed oil is a rich source 
of edible oil, it is highly prone to oxidation, limiting its standalone suitability for certain food applications. 

Blending AB with RPO significantly enhanced its stability, with the 50:50 blend showing the highest resistance 

to oxidative degradation. The findings indicate that, although pure African oil bean seed oil is highly 

unsaturated, it lacks the thermal and oxidative resilience of refined palm olein. However, when blended with 
oils of greater stability, such as RPO, African oil bean seed oil shows strong potential as a functional food 

ingredient, combining nutritional benefits with improved storage and cooking performance. 

 

Authors contribution 

Onwuzuruike, U. A designed the project, procured and processed the raw materials, engaged in 

analytical procedures and co-wrote the draft manuscript. Uluocha, M. D. extracted the oil samples and 

formulated the oil blends. Agwo, O. E. conducted the statistical analysis and co-wrote the draft manuscript. 
Edima-Nyah, A. P. and Okwunodulu, I. N. supervised the project while Obasi, C. B. proofread and corrected 

the final manuscript. All authors participated actively in the laboratory analysis of this research. 

 

Declaration of conflict of interest 

The authors have declared no conflict of interest 

 

References 

Adepoju, T. F., Esu1, I. O., Olu-Arotiowa, O. A. and Blessed, E.  (2019). Oil extraction from butter fruit 

(Dacryodes edulis) seeds and its optimization via response surface and artificial neural network. 

Nigerian Journal of Technological Development, 16(2):56-62. 
Akindele, F. A. and Nsuhoridem, I. J. (2018). Extraction of vegetable oils from agricultural materials: A 

Review. Proceedings of the 12th CIGR Section VI International Symposium, held at the International 

Institute of Tropical Agriculture, Ibadan, Oyo State, Nigeria, 22–25 October, 2018.Pp. 1185-1206 
Akinwande, B. A., Ogunlowo, M. O., Sanni, D. M., Odedeji, J. O., and Awonorin, S. O. (2020). Effect of 

fermentation duration on chemical composition and nutritional attributes of African oil bean 

(Pentaclethra macrophylla Benth.) seeds. Journal of Food Quality, 2020, 1–9. 
Al-Farga, A., Baeshen, M., Aqlan, F. M., Siddeeg, A., Afifi, M., Ali, H. A., Alayafi, A., Al- Dalali, S. and 

Alkaladi, A. (2020). Chemical composition, oxidative stability, and sensory properties of Boerhavia 

elegana Choisy (alhydwan) seed oil/peanut oil blends. Grasas y Aceites, 71(3), e367–e. 

https://doi.org/10.3989/gya.0463191 
AOAC (1999). Residue (unsaponifiable) of oils and fat. Official Methods of Analysis of AOAC International 

16th ed.; Cunniff, P., editor: AOAC International: Gaithersburgh, Maryland, USA. Method 933.08. 

93

https://doi.org/10.3989/gya.0463191


Journal of Bio & Geo Material and Energy  

  Volume 6 No. 2, April 2026 

 
Stability indices and micro-components .... (Onwuzuruike  et al., 2026): 85-96 

AOCS (1993b). Official Methods and Recommended Practices of the American Oil Chemists’ Society 

Champaign. Method Ca 5a-40. 
AOCS (1993c). Official Methods and Recommended Practices of the American Oil Chemists’ Society 

Champaign. Method Cd 1d-92. 

AOCS (1993d). Official Methods and Recommended Practices of the American Oil Chemists’ Society 

Champaign. Method Cd 8-53. 
Basiron, Y., and Chan, K. W. (2020). Palm oil: Production, processing, characterization, and uses. Academic 

Press. 

Bordon, M. G., Meriles, S. P., Ribotta, P. D. and Martinez, M. L. (2019). Enhancement of composition and 
oxidative stability of chia (Salvia hispanica L.) seed oil by blending with specialty oils. Journal of Food 

Science, 84(5): 1035–1044. https://doi.org/ 10.1111/1750-3841.14580  

Chen, J., and Liu, H. (2020). Nutritional indices for assessing fatty acids: A mini-review. International 

Journal of Molecular Sciences, 21(16), 5695. https://doi.org/10.3390/ ijms21165695 
Codex Alimentarius Commission/FAO/WHO. (2011). Food standards. Standard for named vegetable oils . 

FAO/WHO CODEX-STAN 210, Ed2011  

Dauqan, E., Sani, H. A., Abdullah, A., and Kasim, Z. (2011). Effect of Different Vegetable Oils (Red Palm 
Olein, Palm Olein, Corn Oil and Coconut Oil) on Lipid Profile in Rat. Food and Nutrition Sciences, 

2(4), 253–258 

Dhyani, A., Singh, P. K., Chopra, R. and Garg, M. (2022). Enhancement of oxidative stability of perilla seed 
oil by blending it with other vegetable oils. Journal of Oleo Science, 71(8): 1135–1144. 

https://doi.org/10.5650/jos.ess22013 

Djikeng, F. T., Hilaire, M. W., and Enti, A. (2018). Effects of natural antioxidants extracted from 

Cameroonian ginger roots on the oxidative stability of refined palm olein. European Food Research 
and Technology, 244; 1015-1025 

Ekwu, L. G., Onuoha, C. C. and Udeozor, L. O. (2017). Effect of blending palm oil and palm kernel oil on 

the physicochemical properties and fatty acid composition of their blends. Food Science and Quality 
Management, 62: 23-29. 

El Idrissi, Z. L., Elouafy, Y., El Moudden, H., El Guezzane, C., Lorenzo, J. M., Lee, L.-H., Bouyahya, A., 

Maggi, F., Caprioli, G. and Harhar, H. (2023). Investigation of roasting and photo-oxidative stability 
of cold-pressed peanut oil: Lipid composition, quality characteristics, and antioxidant capacity. Food 

Bioscience, 55, Article 103046. https://doi.org/10.1016/j.fbio.2023.103046 

Elouafy, Y., El Idrissi, Z. L., El Yadini, A., Harhar, H., Alshahrani, M. M., Awadh, A. L., and A. A., Goh, K. 

W., Ming, L. C., Bouyahya, A. and Tabyaoui, M.. (2022). Variations in antioxidant capacity, oxidative 
stability, and physicochemical quality parameters of walnut (Juglans regia) oil with roasting and 

accelerated storage conditions. Molecules, 27(22): 7693. https://doi.org/10.3390/molecules27227693 

Esther, U. I., Anthony, E. A., Peace, O. and Macdonald, I. (2008). Characteristics and Composition of African 
Oil Bean Seed (Pentaclethra macrophylla Benth). Journal of Applied Sciences, 8(7): 1337-1339. 

DOI:10.3923/jas.2008.1337.1339 

Espínola, F., Vidal, A. M., Espínola, J. M., and Moya, M. (2021). Processing effect and characterization of 

olive oils from Spanish wild olive trees (Olea europaea var. Sylvestris). Molecules, 26(5): 1304. 
https://doi.org/10.3390/molecules26051304 

Fadda, A., Sanna, D., Sakar, E. H., Gharby, S., Mulas, M., Medda, S., Yesilcubuk, N. S., Karaca, A. C., 

Gozukirmizi, C. K. and Lucarini, M. (2022). Innovative and sustainable technologies to enhance the 
oxidative stability of vegetable oils. Sustainability, 14(2): 849. https://doi.org/10.3390/su14020849 

Frankel, E. N. (2018). Lipid oxidation: Mechanisms, products and biological significance. Journal of the 

American Oil Chemists' Society, 75(3): 199-212. 
Hashempour-Baltork, F., Torbati, M., Azadmard-Damirchi, S., and Savage, G. P. (2018). Chemical, 

rheological and nutritional characteristics of sesame and olive oils blended with linseed oil. Advanced 

Pharmaceutical Bulletin, 8(1): 107. https://doi. org/10.15171/apb.2018.013 

Idrissi, Z. L. E., El Moudden, H., Mghazli, N., Bouyahya, A., Guezzane, C. E., Alshahrani, M. M., Al Awadh, 
A. A., Goh, K. W., Ming, L. C. and Harhar, H. (2022). Effects of extraction methods on the bioactivities 

and nutritional value of Virginia and Valencia-type peanut oil. Molecules, 27(22): 7709. 

https://doi.org/10.3390/ molecules27227709 

94



Journal of Bio & Geo Material and Energy  

  Volume 6 No. 2, April 2026 

 
Stability indices and micro-components .... (Onwuzuruike  et al., 2026): 85-96 

Kiralan, M., Ulas¸, M., Ozaydin, A., Ozdemır, N., Ozkan, G., Bayrak, A. and Ramadan, M. F. (2017). Blends 

of cold pressed black cumin oil and sunflower oil with improved stability: A study based on changes in 
the levels of volatiles, tocopherols and thymoquinone during accelerated oxidation conditions. Journal 

of Food Biochemistry, 41(1): e12272. 

Kurek, M., Ščetar, M. and Galić, K. (2017). Edible coatings minimize fat uptake in deep fat fried products: A 

review. Food Hydrocolloids, 71, 225–235. 
Kyriakopoulou, K., Keeper, J. K. and van der Goot, A. J. (2021). Functionality of ingredients and additives 

in plant-based meat analogues. Foods, 10: 600. 

Lakhlifi, E. l., Idrissi, Z., Amakhmakh, M., El Moudden, H., El Guezzane, C., Ullah, R., Bari, A., Bouyahya, 
A., Lee, L.-H., Harhar, H. and Tabyaoui, M. (2024). Thermal oxidative stability and kinetics of 

lipophilic bioactive compounds degradation during accelerated storage of unroasted and roasted peanut 

oil. Journal of Food Composition and Analysis, 131: Article 106239. https://doi.org/10.1016/j. 

jfca.2024.106239 
Motamedzadegan, A., Dehghan, B., Nemati, A., Tirgarian, B. and Safarpour, B. (2020). Functionality 

improvement of virgin coconut oil through physical blending and chemical interesterification. SN 

Applied Sciences, 2: 1–18. https://doi.org/10.1007/ s42452-020-03309-6 
Ndomou, S. C. H., Togyam, H., Njapndounke, B., Pougoue, A., Tiwo, C. T. and Womeni, H. M. (2023). 

Optimization of the mixture of groundnut, palm, stearin, and sesame oils subjected to heat treatment 

and evaluation of their lipid quality. Heliyon, 9(1): https://doi.org/10.1016/j.heliyon.2023.e12813 
Obasi, N. L., Ugwu, C. P., Agbafor, K. N., and Ugwu, O. P. (2019). Chemical composition, antioxidant 

properties and fatty acids profile of African oil bean (Pentaclethra macrophylla) seed oil. Food Science 

and Nutrition, 7(9): 3002–3009. 

Onwuzuruike, U. A., Inyang, U. E., Edima-Nyah, A. P., Okwunodulu, I. N. and Anyanwu, C. U.  (2024). 
Chemical Composition, Quality Indices and Viscosity of Edible Oils from Blends of African Oil Bean 

Seed Oil and Sesame Seed Oil. Journal of Bio and Geo Material and Energy (BiGME), 4(1):11-23 

Onwuzuruike, U. A., Okakpu, C. J., Ndife, J. and Eke, C. I. (2022). Production and quality assessment of 
mayonnaise from blends of soybean oil and African pear (Dacryodes edulis) pulp oil. Agro-Science, 

21(1): 88-97. 

Ordu, J. I. and Yingobo, F. E. (2021). Preliminary investigation of oil from Pentachlethra microphylla seeds 
as new excipient in cosmetic/pharmaceutical cream formulation. Asian Journal of Science and 

Technology, 12(3): 11575-11580. 

Osabor, V. N., Okonkwo, P. C. and Ikeuba, A. I. 2017. Chemical profile of leaves and seeds of Pentaclethra 

macrophylla Benth. Journal of Medicinal Plant and Herbal Therapy Research, 5(1), 11-17. 
Pan, F., Wang, X., Wen, B., Wang, C., Xu, Y., Dang, W. and Zhang, M. (2020). Development of walnut oil 

and almond oil blends for improvements in nutritional and oxidative stability. Grasas y Aceites, 71(4): 

e381–e. https://doi.org/10.3989/gya.0920192  
Pattnaik, M. and Mishra, H. N. (2022). Amelioration of the stability of polyunsaturated fatty acids and 

bioactive enriched vegetable oil: Blending, encapsulation, and its application. Critical Reviews in Food 

Science and Nutrition, 62(23): 6253–6276. https://doi.org/10.1080/10408398.2021.1899127  

Rani, L., Kumar, M. and Kaushik, D. (2023). A Review on the frying process: Methods, models and their 
mechanism and application in the food industry. Food Research International, 172, 113-176. 

Rohman, A., Atan, R., and Jamaludin, K. R. (2021). Palm oil: Production, processing, characterization, and 

uses. In Handbook of Food Analysis Techniques (Second Edition) (pp. 143–166). Elsevier. 
Romani´c, R. S., Luˇzai´c, T. Z., and Radi´c, B.Đ. (2021). Enriched sunflower oil with omega 3 fatty acids 

from flaxseed oil: Prediction of the nutritive characteristics. LWT, 150, Article 112064. 

https://doi.org/10.1016/j.lwt.2021.112064 
Shahbandeh, M. (2023). Vegetable oils. Global consumption 2013/14 to 2022/23 by oil type. Consumer goods 

and FMCG. Pp. 63-72 

Shahid, M., Fazry, S., Najm, A. A., Law, D., Hoong, C. Y., Joe, L. S., Jiun, C. S. and Mackeen, M. M. (2024). 

Antidiabetic potential of ethanolic crude extract of Garcinia atroviridis fruits: In vitro, in ovo, and in 
silico analysis. International Journal of Food Science and Technology. 

https://doi.org/10.1111/ijfs.17163 

95

https://doi.org/10.3989/gya.0920192
https://doi.org/10.1080/10408398.2021.1899127


Journal of Bio & Geo Material and Energy  

  Volume 6 No. 2, April 2026 

 
Stability indices and micro-components .... (Onwuzuruike  et al., 2026): 85-96 

Shahidi, F., and Zhong, Y. (2018). Lipid oxidation and improving the oxidative stability. Chemical Society 

Reviews, 39(11): 4067-4079. 
Sharma, K., Kumar, M., Lorenzo, J. M., Guleria, S., and Saxena, S. (2023). Manoeuvring the physicochemical 

and nutritional properties of vegetable oils through blending. Journal of the American Oil Chemists’ 

Society, 100(1): 5–24. https://doi.org/10.1002/ aocs.12661 

Tan, T. H., Chan, E. S., Manja, Goksen, Tang, T. K., Phuah, E. T., and Lee, Y. Y. (2023). Production, health 
implications and applications of oleogels as fat replacer in food system: A review. Journal of the 

American Oil Chemists' Society, 3: 1-7. 

Torri, L., Bondioli, P., Folegatti, L., Rovellini, P., Piochi, M., and Morini, G. (2019). Development of Perilla 
seed oil and extra virgin olive oil blends for nutritional, oxidative stability and consumer acceptance 

improvements. Food Chemistry, 286: 584–591. https://doi.org/10.1016/j.foodchem.2019.02.063 

 

 

96


