


The effect of refining process on the oxidative stability, thermal stability, and fatty acid composition of shea olein

Abstract
This study aimed to examine how the refining process conditions influence the oxidative and thermal stability and fatty acid composition of shea olein. To address these drawbacks, a chemical refining method was applied to shea olein, which included the removal of mucilaginous compounds, free fatty acids, and metals, thereby enhancing its acceptability in the food industry. The refining losses due to degumming, neutralization, and bleaching were 8.80%, 6.56%, and 7.56%, respectively. A 47% and 87.6% reduction in PV and CD, respectively, was observed, while TBARS increased by a factor of 2 compared to the starting material. Thermal stability decreased in the order: BSO>NSO>DSOB>CSB. Refining improved the oleic acid content of shea olein by 10.48% and decreased arachidic acid content by 13.37%, respectively. These findings emphasize the benefit accrued to the food industry when shea olein is refined and included in food formulations.
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1.Introduction
Shea butter, derived from the nuts of the shea tree (Vitellaria paradoxa), is a versatile fat widely used in the food, cosmetic, and pharmaceutical industries due to its unique physicochemical properties (Ky-Dembele et al., 2021). Native to sub-Saharan Africa, the shea tree produces nuts that are processed to extract butter, which consists primarily of triglycerides rich in stearic and oleic acids, along with a high unsaponifiable fraction including tocopherols, phytosterols, and phenolic compounds (Abdel-Razek et al., 2023). These components contribute to its emollient, antioxidant, and anti-inflammatory attributes, making it a valuable ingredient in products ranging from bakery/chocolate formulations to skincare creams. According to the Mordor Intelligence report, the global shea butter market is projected to reach USD 3.75 billion by 2030, driven by increasing demand for natural and sustainable ingredients in the beauty and food sectors, resulting in significant growth. However, if the food sector will benefit immensely from this growth, attention must be paid to the potential of the shea olein fraction of shea butter, which is composed of above 50% oleic acid in its fatty acid profile, in addition to the current benefits obtained from shea stearin, which is used as a cocoa butter substitute in the food confectionery industry.
Shea olein, a liquid fraction of shea butter obtained after the complete removal of shea stearin, a hard fraction, is an emerging food oil widely used in the cosmetic industry but ignored in the food industry due to its instability and unpleasant sensory notes (Korede et al., 2024). Shea olein is a golden-yellow liquid characterized by its unique fatty acid composition and bioactive compounds, which are similar to those found in olive oil (Korede et al., 2024; Zhang et al., 2017). It contains the natural antioxidant alpha tocopherol, one of the advantages of oils considered for cooking. Studies have found that the alpha tocopherol content of shea olein is about 3 times higher than that of refined palm olein and that its fatty acids are highly resistant to oxidation (Korede et al., 2024; Abdel-razek et al., 2023; Zhang et al., 2017). Although various vegetable oils such as flaxseed oil, sunflower oil, canola oil, and soybean oil have been previously refined and the effects of refining steps on different oxidative indices measured (Jing et al., 2025; Gharby, 2022; Nagy et al., 2024). There is a paucity of findings on refining shea olein and the possible outcomes for its stability during the process. If shea olein is considered an emerging food oil with great potential, there is a need to assess its stability during the refining process. This will elucidate its stability potential and identify areas of necessary intervention during the process.
Refining is the process of removing unwanted and detrimental components to prepare healthy and acceptable food products (Squeo et al., 2022). Various methods have been established for refining vegetable oil: chemical and physical methods. The choice of refining method is highly dependent on the quality and composition of the crude oil (free fatty acids), economic considerations (yield and energy consumption), and the desired final product quality (tocopherol retention and flavor) (Gharby, 2022; Wen et al., 2023). However, studies have shown that refining generally improves safety and removes harmful substances (oxidation products), enhances sensory qualities, increases stability and shelf life, and preserves essential fatty acids, among other benefits (Zufarov et al., 2024; Mavlanov et al., 2024; Oey et al., 2022). The process also contributes to the loss of beneficial minor components such as tocopherol, phytosterol, polyphenols, and carotenoids. It could also result in potential formation of undesirable compounds, reduced nutritional profile and environmental drawbacks (Gharby, 2022; Oey et al., 2022).
It is therefore important, to weigh the pros and cons of refining shea olein, if it will become an added benefit to the food industry. Hence, this work aims to measure the effect of refining on the stability and fatty acid composition of shea olein
2. Materials
Shea kernels utilized to produce shea butter were procured at Kishi market of Irepodun local government area of Oyo state.  Chemicals and reagents used for this study were of analytical grade
3. Methods
Refining of shea olein
Crude shea butter (CSB) was prepared according to the method described by Korede et al. (2024). The refining process was conducted according to the method described by Tavakoli et al. (2022). To about 1 kg of melted CSB at 65 ℃, 4 mL (0.4% w/v shea olein) of 85% ortho phosphoric acid was added, and the mixture was homogenized with a high-speed hand mixer (BOSCH, Ergo Mixx, Slovenia) for two minutes. The mixture was separated using a cold centrifuge (5430R, Eppendorf, Germany) at 4000 revolutions per minute (rpm) for 30 min at 20 ℃ to remove gums and other phospholipid materials. After degumming, CSB was fractionated into degummed shea olein and degummed shea stearin according to Hwang et al. (2021). A 500 mL sample of degummed shea olein at 50 ℃ was further mixed with 2.5 mL of 0.8N NaOH for five minutes. The emulsion was transferred into a glass beaker and melted in a water bath (WBE601, LAB CON, Maraisburg) at 90 ℃ for 10 minutes. The soapstock was separated from the oil using an Eppendorf cold centrifuge (5430R, Eppendorf, Germany) at 4000 rpm for 30 min at 20 ℃. The neutralized oil was washed with 1% sodium chloride at a volume 3% larger than the free fatty acid content of shea olein. This was repeated to ensure effective removal of soapstock by centrifugation. The resulting shea olein was placed in an oven at 60 ℃ to reduce its moisture content. Further refining was carried out by bleaching shea olein at 85 ℃ under vacuum with the aid of bentonite for 30 min. A 2% bentonite was added to shea olein to ensure complete removal of color bodies. The resulting mixture was centrifuged at 4000 rpm for 20 minutes to separate refined bleached shea olein from the bleaching earth. The refined bleached shea olein and other fractions were further kept at -20 ℃ for further application and analysis.

Determination of peroxide value
A 5 g sample of oil was weighed into a conical flask. The content of the flask was dissolved in a 30 mL mixture of acetic acid and chloroform (2:1), and 0.5 mL of a saturated potassium iodide solution was added. The mixture was then shaken and allowed to stand for 1 min. After which, 30 mL of distilled water and 0.5 mL starch indicator were added, and the content was titrated against 0.01 N sodium thiosulphate. The blank test was conducted (AOAC, 2012). Peroxide value was calculated as ml equivalent of active oxygen /kg of sample as indicated in Eqn. 3.
Peroxide value =     [image: ]  				                          1      
S = Titre value of sample – Titre value of blank, N = Molarity of the thiosulphate 


Determination of ρ-anisidine value
The p-anisidine value (AV) was determined according to the AOCS Official Method Cd 18-90, with modification using a UV-visible microplate reader (PowerWave HT microplate reader, BioTek) at a wavelength of 350 nm. The 0.25% p-anisidine reagent was prepared every working day. 0.25 grams of p-anisidine was dissolved in 100 mL of 100 % acetic acid, and the absorbance was measured to ensure a value below Abs = 0.2. To analyze the samples, 0.1 g (100 mg) of oil was weighed directly in test tubes and dissolved in 5 mL of iso-octane. 2.5mL of sample was transferred to a cuvette, and the absorbance was measured at 350 nm against pure iso-octane as a blank. Then, 0.5 mL of p-anisidine reagent was added, and the cuvette was shaken by hand. The cuvette was kept in the dark for 10 min before the second absorbance measurement was made. The p-AV is given by the formula:
                                      2
Where, D is the volume of iso-octane used to dissolve oil sample (1 mL), AS1= Absorbance of the oil solution before reaction with the p-anisidine reagent, AS2 = Absorbance of the oil solution after reaction with the p-anisidine reagent, AB1= Absorbance of iso-octane before reaction with the p-anisidine reagent, AS2 = Absorbance of iso-octane after reaction with the p-anisidine reagent, and m = mass of the sample (20 mg).
Determination of conjugated dienes
Conjugated dienes were determined by the Kūka et al. (2018) method. 100 mg of each sample was weighed into a test tube, and 5 mL of iso-octane was added to dissolve it. About 300 µL of each sample was transferred into a 96-well microplate. The absorbance reading of each sample solution was taken at 234 nm using a microplate reader (PowerWave HT microplate reader, BioTek). Absorbance was taken against 1% methyl stearate in iso-octane as a blank. 
								          3
Where
CD is the concentration of conjugated dienes in the sample
A is the sample absorbance in iso-octane, which varies across the samples
l is the path length, which equals 1 cm
ε is the molar absorptivity of 1% solution, which is 25250 M-1 ·cm -1 – molar absorptivity of linoleic acid hydroperoxide 	
The conjugated diene value (CD value) was calculated as follows:
                                                                                                 4      
 where
5 x104 – a factor that encompasses the volume of iso-octane (50 mL) used to dissolve the oil sample for the determination of CD concentration in µmol, m – sample weight

Determination of thiobarbituric acid reactive substance (TBARS)
TBARS was measured with a little modification in the method described by Zeb and Ullah (2016). Briefly, 50 mg of the oil sample was homogenized in 1 mL of 50% glacial acetic acid solution at 50 °C for 2 min. The mixture was allowed to cool to room temperature. A 57.66 mg thiobarbituric acid (TBA) in 100 mL glacial acetic acid (4.0 mM) was prepared, and exactly 150 µL each of the sample solution and TBA were placed in microplate wells and heated in an oven (60 °C) for 60 min to develop a pink color. The blank sample was prepared by adding 150 µL 50% acetic acid + 150 µL TBA in a microplate well. The calibration standard (1mM) was prepared by dissolving 31.35 mg of malondialdehyde tetrabutylammonium salt (MDA) in 100 mL of glacial acetic acid. This was diluted to give 0.2, 0.4, 0.6, and 0.8 mM. 150 µL of TBA was added to the same volume of MDA in the microplate well. The samples were measured at 532 nm in a microplate reader (PowerWave HT microplate reader, BioTek). A calibration curve of absorbance was plotted against the concentration, and the concentration of the samples was determined and expressed as mmol MDA equivalents/g oil. 
Determination of thermal stability 
The thermal stability of the shea fractions was assessed using the method described by Islam et al. (2023). An empty sealed pan was used as a reference, and lipid samples (6–8 mg) were firmly sealed in a 100 µL aluminium pan. At a rate of 20 °C per min, these samples were heated isothermally from 25 °C to 140 °C, and they were kept in the DSC furnace for 90 min. The profiles were analyzed using the DSC system software (estar, Mettler Tonado, Shelton, CT, USA). The temperature for the isothermal program was set at 140 °C. 
Determination of fatty acid composition
The following two procedures were used to prepare the fatty acid methyl esters (FAMEs): 10 mL screw-capped tubes containing 40 μL of treated shea olein were filled with 0.7 mL of potassium hydroxide (10 M) solution and 5.3 mL of methanol. For 1.5 hours, the reaction was carried out at 55 °C, with 5 seconds of mixing every 20 min. 0.58 mL of sulfuric acid (10 M) solution was added after the mixture had cooled to room temperature. The reaction was then maintained at 55 °C for 1.5 hours, with 5 s of mixing every 20 min. A 3 mL of n-hexane was added and stirred for five minutes after the mixture had cooled to room temperature. The tubes were then centrifuged for five minutes, and the extracts were placed in the vial for analysis (Wang et al., 2015). 
A gas chromatography flame ionization detector (GC/FID) analysis using a Schidmazu instrument was conducted. The separation was performed on an RTX-5 capillary column, measuring 30 × 0.25 mm in diameter with a film thickness of 0.25 μm. Here are the operating conditions: the carrier gas pressure was set at 100 kPa, and we used nitrogen with a split ratio of 1:100. The injection temperature was 250 °C, and the oven temperature was programmed to start at 50 °C for 2 minutes, then increase to 174 °C at a rate of 50 °C/min, and finally rise to 215 °C at 2 °C/min until the end of the analysis. We identified and quantified the individual fatty acids by comparing their retention times with the external FAME 37 standards (Korede et al., 2024).    
3.1 Statistical Analysis
Samples were prepared in two duplicates, and analyses were carried out twice. All of the experimental results, which were presented as means and standard deviation, were assessed using one-way analysis of variance (ANOVA). Using IBM SPSS Statistics 27 software (SAS Institute, Inc., Cary, NC, USA), the Turkey HSD test found significant differences (p<0.05) across the examined samples.

4. Result and discussion
Refining loss
The refining steps (degumming, neutralization, bleaching) resulted in a measurable oil loss as shown in Figure 1: degumming (8.8%), neutralization (6.56%), and bleaching (7.56%). These losses are typical and arose from the removal of gums, free fatty acids soaps, and adsorbates, respectively. According to Hwang et al. (2021), degumming losses could arise from the removal of gummy materials in crude shea butter. Degumming removes phospholipids (gums), metal-bound complexes, and other hydratable impurities. When gums are hydrated and separated, some oil is entrained in the gum phase, producing about 8–9% loss as reported by Abdel-Razek et al. (2023). Our result aligns with that of Méndez et al. (1991), who reported a degumming loss from shea butter refining of between 5.6% and 7.6%. The observed degumming loss correlates with the amount of unsaponifiable fraction of shea butter as reported by Hwang et al. (2021).

The neutralization loss observed during refining could be a result of soapstock formation and oil entrainment. In this step, free fatty acids (FFA) are converted into soap, which is separated as a soapstock. This step inherently removes the FFA plus entrained neutral oil, which explains the 6.5% loss observed in Figue 1. Gharby et al. (2022) identified possible causes of increased loss of oil to include long-mix neutralization and inadequate phase separation. These losses could be minimized with modern refiners who utilize optimized alkali dosing, centrifugation, and counter-current washing. The observed result aligns with Kumar and Krishna (2015), who reported a 30% loss of neutral oil during alkaline neutralization of palm oil, but a lesser loss (12%) was observed when ethanol was used for neutralization.

Bleaching removes pigments and polar minor components by adsorption (and with them some oil). Adsorbent earth removes coloured compounds, trace metals, and oxidation precursors, but they also physically retain small amounts of oil on the clay surface. Adsorption or entrainment of oil explains the 7–8% loss observed during bleaching. The extent of loss depends on bleaching earth type, dosage, contact time, and decolourization temperature.


Peroxide value
Table 1 presents the oxidative indices of super shea olein during refining. The peroxide values were significantly different (p˂0.05) during refining, ranging from 0.24 meq O2/kg to 1.59 meq O2/kg. PV decreased from 1.59 meq O2/kg in crude shea butter (CSB) to 0.32 meq O2/kg in degummed shea olein (DSOB) and further to 0.26 meq O2/kg in neutralized shea olein (NSO), indicating that the degumming and neutralization processes were effective in reducing primary oxidation products. The observation indicates the removal of phosphatides, pro-oxidant metals, and hydroperoxides during the processes (Karim et al., 2022; Wen et al., 2023). However, the notable observation in this case was that bleaching (BSO) reduced PV even further to 0.24 meq O2/kg, suggesting the adsorptive character of bleaching earth and activated clays for the removal of hydroperoxides, pigments, and trace metals (Almoselhy, 2021). This observation agrees with the findings of   Icyer and Durak (2018) when assessing ultrasound-assisted bleaching of canola oil. Thus, bleaching provided the best improvement in PV stability.

ρ-Anisidine value
The anisidine value, which measures secondary oxidation products (aldehydes, ketones), decreased significantly from 11.51 in CSB to 7.49 in DSOB and 7.28 in NSO. This revealed that early refining steps helped decrease volatile aldehydes by removing phospholipids and free fatty acids, which catalyze their formation. Bleaching, nevertheless, caused AV to rise to 9.30. This could probably be because bleaching conditions promoted some breakdown of hydroperoxides to aldehydes on heating and contact with adsorbents. This is in agreement with the report of Shahidi and Zhong (2020), that bleaching, while effective in reducing pigments and peroxides, may catalyze the breakdown of hydroperoxides to secondary products and enhance ρ-AV.

Conjugated dienes
CD decreased stepwise during refining from 5.00 mmol/g (CSB) to 0.59 mmol/g (DSOB) to 0.47 mmol/g (NSO). This downward trend reflects that neutralization is highly 
effective for the removal of dienic hydroperoxides. Bleaching, however, brought about a slight increase in CD to 0.62 mmol/g. the slight increase could be attributed to the partial isomerization or oxidation of residual unsaturated lipids during bleaching. Increases in CD after bleaching have been observed for palm oil and shea oil and are attributable to light oxidation catalyzed by bleaching earth (Abdel-Razek et al., 2023).

Thiobarbituric acid reactive substance (TBARS)
TBARS, which measure aldehydic breakdown products (mainly malondialdehyde), ranged between 0.10 mmol MDA/g to 0.26 mmol MDA/g. TBARS were relatively low in CSB (0.14 mmol MDA/g), and were not affected by degumming (0.10 mmol MDA/g) and neutralization (0.16 mmol MDA/g), but were elevated by bleaching (0.26 mmol MDA/g). This showed that while early refining steps did not worsen aldehydic breakdown, bleaching promoted thermal decomposition of polyunsaturated lipids and hydroperoxides to TBARS-active species. This phenomenon was observed in food oils, where bleaching could encourage the formation of secondary oxidation products if not properly controlled (Rohm et al., 2020; Durand et al., 2024).

Refining significantly improved the oxidative profile of shea olein by reducing hydroperoxides (PV) and conjugated dienes (CD), especially through degumming and neutralization. Bleaching, however, has drawbacks, as although it reduces PV well, it increases p-AV and TBARS. This means that bleaching conditions (temperature, time, and adsorbent dosage) must be well optimized to improve oxidative stability without inducing hydroperoxide decomposition to aldehydes.

Effects of refining on thermal stability 
The thermal stability of shea olein during refining DSC curve, is shown in Figure 2. The thermogram illustrated the thermal properties of shea olein during refining, which were significantly different p < 0.05. The heat flow (mW) and time (s) profile reflected the influence of every refining step on the thermal transitions (exothermic and endothermic processes) associated with lipid crystallization, melting, and oxidation stability.
Thermal stability of crude shea butter
Crude shea butter (CSB), an unrefined sample, has the strongest and most direct exothermic and endothermic peaks, with the strongest negative deflection in the area of the initial heating period (−15 to −20 mW). Exothermic peaks (negative deflections in conventional DSC thermograms, where heat release is downward) often indicate oxidation or decomposition of unstable components, while endothermic peaks correspond to melting or volatilization. In differential scanning calorimetry (DSC), particularly under isothermal conditions, exothermic peaks reflect phase transitions, decomposition, or oxidative events.
The sharp exotherm is indicative of high amounts of unstable primary and secondary oxidation products, free fatty acids, and phospholipids decomposing due to heat stress (Islam et al., 2023). This is consistent with higher PV, p-AV, CD, and TBARs reported in Table 1 for CSB. The broad, irregular baseline that was produced showed low oxidative stability and higher levels of impurities, typical of crude shea butter. This observation aligns with the description of Saldana and Martínez-Monteagudo (2013) on how isothermal DSC detects released heat from oxidation, with crude samples showing more pronounced exothermic deflections (in mW) during initial heating owing to volatile decomposition. This result also aligns with Goumbri et al. (2024), who noted three distinct melting profiles with enthalpy values (Hf) ranging 63.6–76.3 J/g and peak temperatures 12.1–14.3°C, indicating irregular thermal events due to impurities, which mirrors the strong peaks in CSB.
Effect of degumming on thermal stability of shea olein
After degumming, thermal stability is much increased, with considerably less exothermic drop at the beginning and a comparatively flat baseline at about 0 mW. This trend reflects the removal of pro-oxidant impurities such as phospholipids, free fatty acids, and initial oxidation products that exacerbate thermal decomposition in crude shea butter (CSB). This observation is consistent with 79.87% - 88.20% and 28.50% - 31.36% reduction of both primary and secondary oxidation products with the onset of the degumming process, as presented in Table 1. This result is consistent with the findings of Abdel-Razek et al. (2023), who observed a slash of 89.3% in PV (from 5,91 meq O2/kg to 0.63meq O2/kg ) of shea olein fraction during the degumming process. Similarly, arachidonic-rich oil processed via ultrasonically assisted enzymatic degumming yields superior thermally stable oil with reduced proportions of secondary oxidation volatiles like aldehydes, attributing to flatter thermal profiles (Gou et al., 2021).  Phospholipids, in particular, can act as emulsifiers that facilitate water-oil interactions or chelate metals, promoting hydroperoxide formation and subsequent breakdown under heat, leading to pronounced exothermic events (negative deflections) in unrefined samples (Zhang et al., 2024; Gou et al., 2021). 
Effect of neutralization on thermal stability of shea olein
As shown in Figure 2, neutralization enhanced oxidative stability, as evidenced by a small exothermic transition at -1.41 mW, followed by a plateau at baseline. The neutralization process, which typically involves alkali treatment to remove free fatty acids (FFAs), contributes to enhanced oxidative stability by stabilizing shea olein's thermal profile, as evidenced by a small exothermic transition. This pattern suggests minimized decomposition of hydroperoxides and reduced propagation of secondary oxidation products, aligning with the removal of pro-oxidants like FFAs, which, as reported earlier, catalyze thermal instability (Islam et al., 2023). These findings are similar to those reported by Essid et al. (2009), who found that neutralizing acid olive oil with calcium hydroxide (lime) retained natural antioxidants, leading to higher thermal decomposition temperatures and improved oxidative induction times in thermal analyses, which correlate with flatter DSC baselines post-initial transitions. Another study by Islam et al. (2023) confirms that neutralization curtails early exothermic events by limiting FFA-induced catalysis, resulting in plateaued heat flows that denote prolonged stability under isothermal conditions (e.g., at 120–140°C), with oxidative stability indices rising by 20–50% compared to crude oils.
Effect of bleaching on thermal stability of shea olein
Bleaching, often using adsorbents like activated earth to eliminate pigments, peroxides, and trace metals, yields the most stable heat flow curve among refining steps. Bleached shea olein is characterized by a sharp but controlled endothermic/exothermic phase near the onset, reflecting efficient impurity adsorption and followed by a long, flat plateau at approximately 2 mW, signifying exceptional resistance to ongoing thermal oxidation.
This stability is attributed to the removal of oxidation catalysts, which prevents prolonged exothermic deflections and promotes a steady-state baseline. This is consistent with a reduction in PV, ρ-AV, and CD values by 84.9%, 19.20%, and 87.60% respectively, as reported earlier in Table 1. 
This result aligns with the finding of Strieder et al. (2019), who reported that removal of oxidation catalysts prevents prolonged exothermic deflections and promotes a steady-state baseline. He observed a reduction in the total oxidation of rice bran oil by up to 75% and shifts in DSC melting points (-19°C vs. -7°C in crude), indicating a purified composition with enhanced thermal resilience. In broader vegetable oil contexts, such as sunflower or rapeseed, bleaching optimizes oxidative stability by 30–40% in non-isothermal DSC scans, with flat plateaus post-sharp phases correlating to retained bioactives like α-tocopherol and carotenoids, though over-bleaching at higher temperatures (110°C) can reverse gains by accelerating degradation. These refining steps, when sequenced properly, interdependently bolster overall stability, with neutralization setting the foundation for bleaching's polishing effect, as demonstrated in recent thermoanalytical evaluations of edible fats (Saldaña & Martínez-Monteagudo, 2013; Islam et al., 2023; Strieder et al., 2019).

Effects of refining on fatty acid composition
Fatty acid composition during refining is presented in Table 2. The composition of fatty acids varied significantly (p˂0.05) in all samples. The refining sequence (CSB → DSOB → NSO → BSO) produced clear, systematic shifts in individual fatty acids: oleic acid rose markedly (47.65 → 58.13%), arachidic (C20:0) and other very-long-chain saturated fatty acids declined (C20:0: 39.05 → 26.42%; C22:0: 1.18 → 0.52%), palmitic (C16:0) was essentially stable (≈3.2–3.4%), elaidic (trans-C18:1) increased (6.87 → 9.52%), and minor PUFAs (linoleic, C18:2; DGLA, C20:3 n6) showed small rises in the final bleached oil. 
The significant variations (p<0.05) in fatty acid composition across the refining sequence (CSB → DSOB → NSO → BSO) highlight the progressive purification and minor redistributions induced by each step, with oleic acid (C18:1) exhibiting a marked increase from 47.65% to 58.13%. This elevation in monounsaturated fatty acids (MUFAs) like oleic is typical in refined olein fractions, as refining processes such as degumming, neutralization, and bleaching selectively remove impurities while preserving or slightly enhancing the liquid, unsaturated components through incidental fractionation effects during heating and filtration (Azad et al., 2021; Tavakoli et al., 2022). This is consistent with the study conducted by Abdel-Razek et al. (2023) on crude shea butter and refined shea olein. He observed a similar trend in oleic content in refined olein to 56.04% from 45.77% in crude, attributed to the migration of oleic-rich triglycerides into the liquid phase, aligning closely with the observed trend in Table 2. Similarly, Jing et al. (2025) observed an increase in oleic acid of flaxseed oil during refining.

Conversely, the decline in very-long-chain saturated fatty acids, such as arachidic (C20:0) from 39.05% to 26.42% and behenic (C22:0) from 1.18% to 0.52%, reflects the preferential removal of saturated chains during refining steps, particularly neutralization and bleaching, which can induce partial crystallization and separation of high-melting-point saturates. This pattern underscores saturation reduction in refined shea olein for improved fluidity (Khan et al., 2024). This result aligns with the observation of Abdel-Razek et al. (2023), who obtained a TSFA of 35.40% on refined shea olein while investigating the fatty acid component of shea butter during refining. With reduced TSFA, olein becomes more liquid and transparent at room temperature, with improved cold stability (Tavakoli et al., 2022; Khan et al., 2024). High arachidic acid value in this composition is worthy of note, as it represents a switch in the composition of stearic acid common to shea butter.  This could result from different varieties of shea trees in the south-western part of Nigeria.

The increase in elaidic acid (trans-C18:1) from 6.87% to 9.52% suggests potential isomerization during thermal steps, such as bleaching, where elevated temperatures (typically 90–110°C) can promote cis-to-trans conversions in unsaturated chains. However, this is less common in mild refining and warrants control to minimize trans fats. Minor polyunsaturated fatty acids (PUFAs) like linoleic (C18:2) (0.49% to 0.73%), and dihomo-gamma-linolenic acid (DGLA, C20:3 n-6) (0.34% to 0.52%), showing small rises in bleached oil align with enrichment in the liquid fraction, as PUFAs partition into olein enhancing nutritional value but requiring antioxidants to counter oxidation susceptibility (Azad et al., 2021; Fadda et al., 2022)
Conclusion
This study demonstrated that refining improved oxidative indices, thermal stability, and nutritional profile of shea olein. Among refined samples, bleached shea olein (BSO) demonstrated increased thermal stability, which resulted from the elimination of pigments, trace metals, and peroxides through bleaching.  BSO also revealed fatty acid composition with the highest oleic acid and monounsaturated fatty acid as compared to other refined samples. Oxidative indices revealed BSO as most stable against the formation of primary oxidation products with the lowest PV and CD, but unstable to the formation of secondary oxidation products as compared to other refined samples, producing the highest ρ-AV and TBARS. Future research should focus on optimizing the refining process to improve its stability against the formation of secondary oxidation products, thereby providing another vegetable oil source for food formulations.
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Figure 1: % loss exhibited during refining of shea olein






	Table 1: Oxidative stability of shea olein during  refining

	SAMPLES
	PV (meq/kg)
	p-AV
	CD (mmol/g)
	TBARS (mmol/g)

	CSB
	1.59 ± 0.00a
	11.51±0.02a
	5.00 ± 0.25a 
	0.14 ± 0.22b

	DSOB
	0.32 ± 0.01b
	7.49 ±0.85c
	0.59 ± 0.00b
	0.10±0.03b

	NSO
	0.26 ± 0.1c
	7.28 ± 0.05c
	0.47 ±0.30c
	0.16±0.07b

	BSO
	0.24 ± 0.03c
	9.30 ± 0.01b
	0.62 ± 0.07b
	0.26±0.05a

	
	
	
	
	


CSB-crude shea butter; DSOB-degummed shea olein @ -5 ℃; NSO-neutralized shea olein; BSO bleached shea olein. Results are mean values of two determinations ± standard deviation.  Values in each column bearing the same superscripts are not significantly different (p < 0.05). 
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Figure 2: DSC isothermal measurement during refining of shea olein. 













	Table 2: %  Fatty acid composition during refining super shea olein

	 
	CSB
	DSOB
	NSO
	BSO

	Palmitic acid (C16:0)
	3.23± 0.00a
	3.29 ± 0.00a
	3.25± 0.01a
	3.42± 0.01a

	Arachidic acid (C20:0)
	39.05± 0.00a
	29.26± 0.01c
	30.26± 0.12b
	26.42± 0.01d

	Behenic acid (C22:0)
	1.18 ± 0.02a
	1.02 ± 0.01b
	0.5 ± 0.04c
	0.52 ± 0.02c

	Elaidic acid (C18:1 n9t)
	6.87 ± 0.07d
	9.02 ± 0.03b
	8.64 ± 0.03c
	9.52 ± 0.00a

	Oleic acid (C18:1 n9c)
	47.65± 0.09d
	56.23± 0.05b
	55.27± 0.09c
	58.13± 0.00a

	Linoleic acid (C18:2 n9c)
	0.49 ± 0.01c
	0.64 ± 0.00b
	0.66 ± 0.01b
	0.73 ± 0.00a

	dihomo-gamma-linolenic acid 
(C20:3 n6)
	0.34 ± 0.00c
	0.41 ± 0.01
	0.5 ± 0.04a
	0.52 ± 0.02a

	Eicosanoic acid (C20:3 n3)
	1.19 ± 0.01a
	ND
	ND
	ND

	SFA
	43.45± 0.02a
	33.7 ± 0.01c
	34.2 ± 0.16b
	30.46± 0.03d

	MUFA
	54.53± 0.02d
	65.25± 0.02b
	63.9 ± 0.12c
	67.66± 0.00a

	PUFA
	2.02 ± 0.01a
	1.05 ± 0.01d
	1.16 ± 0.03c
	1.25 ± 0.02b

	TUFA
	56.55± 0.02d
	66.3 ± 0.01b
	65.07 ± 0.1c
	68.9 ± 0.02a


Values are reported as means ± SD of two replicate analyses (n = 2); CSB: crude shea butter; DSOB: Degummed shea olein; NSO: neutralized shea olein; BSO: Bleached shea olein TSFA: Total saturated fatty acids; TMUFA: total monounsaturated fatty acids; TPUFA: Total polyunsaturated fatty acids; TUFA: Total unsaturated fatty acids; ND: not detected




% Refining  loss	degumming	Neutralzation	Bleaching	8.8000000000000007	6.56	7.56	
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