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Physico-Chemical Quality Assessment of Crude Palm Oil from Industrial Mills in Southeastern Côte d’Ivoire

Abstract
This study assessed the physico-chemical properties of CPO produced by five industrial mills located in southeastern Côte d’Ivoire, with the objective of evaluating their compliance with international quality standards. Samples were analyzed for moisture content, insoluble impurities, free fatty acids (FFA), iodine value (IV), saponification index, deterioration of bleachability index (DOBI), and carotenoid concentration. Significant variations (p < 0.05) were observed among the mills for most chemical parameters. Moisture levels (0.22-0.28%) and insoluble impurities (0.00-0.38%) exceeded Codex Alimentarius limits in two mills, indicating insufficient clarification. FFA values ranged from 2.87% to 6.04%; only Agrivar exceeded the permissible limit (< 5%). Iodine value (53.89-56.11 g I2/100 g) and saponification index (191.87-202.29 mg KOH/g) remained within international standards for all palm oil mills. DOBI values (2.32-2.84) indicated better bleachability for three mills, and carotenoid levels (857.33-1109.30 mg/kg) exceeded PORAM recommendations, highlighting the nutritional richness of the oils. Overall, the results show that mills with optimized processing and rapid fruit sterilization produce higher-quality CPO. Strengthening processing practices would enhance oil quality and reinforce the competitiveness of Côte d’Ivoire’s palm oil sector.
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1. Introduction
Oil palm (Elaeis guineensis) is a species native to Africa and is predominantly cultivated in monoculture plantations for commercial purposes (Adon et al., 2021). It is the principal driver behind the global expansion of oil palm cultivation, especially in Southeast Asia and sub-Saharan Africa (Corley and Tinker, 2015). Among all oilseed crops, oil palm is the most productive, with an annual global output of 62.6 million tons, surpassing soybean oil (49 million tons), rapeseed oil (27 million tons), and sunflower oil (16 million tons) (Bessou et Rival, 2020). Palm oil accounts for 66% of traded edible oils and 39% of total vegetable oil production globally (Murphy, 2021). Indonesia and Malaysia dominate global production, together contributing approximately 85%, while the remaining portion originates from tropical countries across Asia, Latin America, and Africa (Yue et al, 2021). In Africa, the leading producers are Nigeria and Côte d’Ivoire, followed by Cameroon, the Democratic Republic of Congo, and Ghana (Bakoumé, 2018). Côte d’Ivoire produces approximately 600,000 tons of crude palm oil (CPO) annually, contributing 3.13% to the national GDP. About 75% of this production is consumed domestically, with the remaining 25% exported to neighboring countries (USDA, 2025). In 2019, the palm oil sector generated an estimated revenue of over 500 billion CFA francs (Bessou & Dubos, 2020). 
Côte d'Ivoire hosts four major palm oil production and processing companies: Palm Côte d'Ivoire (Palmci, 10 palm oil mills, 40,000 ha of plantations), United Oil Company (UOC, formerly SIPEF-CI, 2 palm oil mills, 12,700 ha), Palmafrique (3 palm oil mills, 7,500 ha) and Sogb (1 palm oil mill, 8,000 ha) (Bessou et al., 2020). These companies collectively operate multiple mills and manage extensive plantations, predominantly located in the palm oil producing regions, including the South-East zone. The quality of crude palm oil from these mills is influenced by various factors such as harvesting methods, processing techniques, and storage conditions. Evaluating the quality of crude palm oil from this region is crucial to ensure it meets quality and food safety standards, and to sustain its competitiveness in international markets. This study aims to assess the physico-chemical quality of crude palm oil from five mills in the South-East of Côte d'Ivoire.
2. Materials and Methods
2.1 Study Area
The study was conducted in the southeastern region of Côte d’Ivoire, characterized by a subequatorial climate with an average relative humidity of 85%, a mean annual temperature of 25.7°C, and annual rainfall ranging from 1,500 to 2,000 mm (Konan et al., 2024). Five industrial crude palm oil (CPO) production sites were selected for sampling: Palmci Ehania (5°14’1.10”N, 2°46’10.38”W), Dekel oil (5°22’59.42”N, 3°19’7.93”W), and Atoe (5°31’52”N, 3°24’06”W), all located in the city of Aboisso; Agrivar (5°16’52.07”N, 3°31’42.68”W) in Bonoua; and Palmafrique (5°24’32.36”N, 4°26’9.21”W) in Dabou (Figure 1). 
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Figure 1. Location of palm oil mills in Côte d’Ivoire
2.2 Biological Material
The biological samples consisted of crude palm oil (CPO) collected from the five selected industrial processing mills.
2.3 Sampling Procedure
Five industrial crude palm oil production units in the South-East zone of Côte d'Ivoire were selected. Among them, three units are located in Aboisso: Palmci Ehania (approximate capacity of 75 tons of fresh fruit bunches per hour), Dekel oil (capacity about 60 tons/hour), and Atoe (capacity about 15 tons/hour). Two other industrial mills were included with processing capacities of approximately 12.5 tons/hour (Agrivar) and 30 tons/hour (Palmafrique). At each site, three samples of 500 mL palm oil were collected at three different production times in aluminum foil-wrapped bottles to protect the oil from light. All collected samples were stored in a cold room at 4°C before analysis.
2.4 Determination of Physico-Chemical Parameters
The physicochemical characteristics of palm oil were rigorously determined using standardized ISO methodologies. i. Refractive index (ISO 6320); ii. Moisture and volatile matter content (ISO 662); iii. Slip melting point (ISO 6321); iv. Insoluble impurities (ISO 663); v. Free fatty acid percentage (ISO 660); vi. Iodine value (ISO 3961); vii. Unsaponifiable matter contents (ISO 3596); viii. Saponification values (ISO 3657); ix. Deterioration of bleachability index (DOBI) and carotene content (ISO 17932).
Refractive index measurements were performed by depositing two drops of oil directly onto the prism of a Mettler Toledo RE40D refractometer; refractive values were digitally acquired. Moisture content determined using the gravimetric method of air-oven drying to constant weight at 105°C. Insoluble impurities was carried by dissolving 20 g of oil in 200 mL petroleum ether, followed by filtration with a pre-weighed cellulose fiber filter. The filter was subsequently oven-dried at 103°C, cooled in a desiccator, and reweighed to determine impurity levels, expressed as a percentage of the initial sample. Slip melting point determination was conducted using an MPA Bruker Optics GmbH near-infrared spectrometer operated with Opuslab 2015 software. Free fatty acid (FFA) was determined by titrating 2 g of palm oil dissolved in 10 mL of diethyl ether with 0.1 N NaOH solution. The iodine value was determined using the addition of Wij’s reagent and potassium iodide solution (10% w/v), and subsequent titration with 0.1 N sodium thiosulphate. For assessment of unsaponifiable matter, 5 g of palm oil underwent saponification in 50 mL of 2 N methanolic KOH for one hour. The mixture then received 50 mL of distilled water, and unsaponifiable components were extracted three times with 50 mL diethyl ether. The combined organic extracts were concentrated by rotary evaporation, with the final residue weighed to quantify the unsaponifiable fraction. Saponification value was determined by refluxing 2 g of sample with 25 mL of 0.5 N ethanolic potassium hydroxide for one hour and titrating the resultant mixture with 0.5 N hydrochloric acid while warm. Deterioration of bleachability index (DOBI) was assayed by dissolving 0.1 g of palm oil in 10 mL hexane and measuring absorbances at 233, 269, and 446 nm using a UV-Visible spectrophotometer. Total carotenoid content was similarly determined, with UV-Vis absorbance at 446 nm from a palm oil-hexane solution. Analyses were performed in triplicate for each sample, and the mean value calculated from the three measurements was reported.
2.5 Statistical Analysis
Statistical tests were conducted with SAS software version 9.4 to evaluate significant differences and correlations between samples. Significant differences were assessed using the Student-Newman-Keuls (SNK) test at a 5% significance level. Graphs such as histograms were generated to represent the data visually.
3. Results 
3.1 Physical Parameters
The physico-chemical characteristics of crude palm oil (CPO) samples collected from the five Southeastern mills are presented in Table 1. Overall, no statistically significant differences were observed among most parameters (P > 0.05), with the exception of the slip melting point. The refractive index ranged from 1.454 to 1.455, which is consistent with the Codex Alimentarius specifications for crude palm oil, confirming typical fatty acid composition. Moisture content varied between 0.22% and 0.28%. All samples met the Codex permissible range (0.20–0.25%), except those from Agrivar (0.26%) and Atoe (0.28%), which slightly exceeded the recommended limit. Slip melting point (SMP) ranged from 34.13°C to 38.70°C, placing all samples within the internationally accepted range for crude palm oil (33–45°C) as defined by Firestone (2006) and indicating appropriate crystallization and solid fat profile. Insoluble impurities varied from 0.00% to 0.38%. CPO samples from Palmci, Dekel Oil, and Palmafrique complied with Codex requirements (<0.05%), whereas those from Agrivar and Atoe exceeded the standard.

Table 1. Physical properties of CPO from the Southeastern palm oil mills
	Palm oil mills
	Refractive index
	Moisture (%)
	SMP (°C)
	Impurities (%)

	Agrivar
	1.454 ± 0.0 a
	0.26 ± 0.05 a
	34.12 ± 1.08 a
	0.38 ± 0.05 a

	Atoe
	1.454 ± 0.0 a
	0.28 ± 0.08 a
	34.17 ± 0.47 a
	0.23 ± 0.02 a

	Dekel Oil
	1.455 ± 0.0 a
	0.25 ± 0.05 a
	34.633 ± 0.25 a
	0.03 ± 0.02 a

	Palmafrique
	1.454 ± 0.0 a
	0.22 ± 0.03 a
	38.70 ± 0.80 b
	0.0 ± 0.0 a

	Palmci
	1.455 ± 0.0 a
	0.22 ± 0.07 a
	37.43 ± 0.78 b
	0.0 ± 0.0 a

	Standard
	1.454 - 1.456
	≤0.25
	33 - 45
	≤0.05


n=3 values are presented as mean ± SD. Values followed by the same letters in the same row are not significantly different at p ≤ 0.05
3.2 Chemical Parameters
Statistical analysis of the chemical parameters of crude palm oil (CPO) revealed significant differences among the five palm oil mills (p < 0.05). As shown in Table 2, the percentage of free fatty acids (FFA) ranged from 2.87 ± 0.36% in CPO from the Dekel mill to 6.04 ± 0.06% in Agrivar. All samples complied with the international standard for crude palm oil (FFA < 5%), except the Agrivar sample, which exceeded the acceptable limit. The iodine value (IV) varied between 53.89 ± 0.25 and 56.11 ± 0.40 g I2/100 g, values that are consistent with typical unsaturation levels reported for crude palm oil. The saponification index ranged from 191.87 ± 2.09 to 202.29 ± 2.00 mg KOH/g, with CPO from the Palmci mill exhibiting the highest value. Unsaponifiable matter ranged from 0.77 ± 0.02% to 1.65 ± 0.02%, which is within the expected range for crude palm oil and indicates the presence of valuable minor compounds such as sterols and tocopherols. The deterioration of bleachability index (DOBI) value ranged from 2.32 ± 0.07 to 2.84 ± 0.91, with the Palmafrique sample exhibiting the highest DOBI, reflecting better oil quality and a higher potential for refining efficiency. All CPO samples from the Southeastern mills showed high carotenoid contents, ranging from 907.73 ± 2.31 to 1094.42 ± 5.76 mg/kg, with Palmci recording the highest concentration (Figure 2).


Table 2. Chemical properties of CPO from the Southeastern palm oil mills
	Palm oil mills
	FFA (%)
	IV (g I2/100 g)
	SI (mg KOH/g)
	Uns (%)
	DOBI

	Agrivar
	6.04 ± 0.06 c
	56.11 ± 0.40 c
	191.87 ± 2.09 a
	0.77 ± 0.02 a
	2.5 ± 0.1 ab

	Atoe
	4.41 ± 0.51 b
	55 ± 0.0 b
	192.16 ± 1.39 a
	0.97 ± 0.0 b
	2.32 ± 0.07 a

	Dekel Oil
	2.87 ± 0.36 a
	54.72 ± 0.37 b
	201.26 ± 0.54 b
	1.14 ± 0.02 c
	2.74 ± 0.19 b

	Palmafrique
	3.53± 0.50 a
	53.89 ± 0.25 a
	192.41 ± 0.53 a
	1.51 ± 0.04 d
	2.84 ± 0.91 b

	Palmci
	3.70 ± 0.15 ab
	54.94 ± 0.14 b
	202.29 ± 2 b
	1.65 ± 0.02 e
	2.83 ± 0.14 b

	Standard 
	≤5
	50.0 - 55.0
	190 – 209
	≤12 
	≤2.7


n=3 values are presented as mean ± SD. Values followed by the same letters in the same row are not significantly different at p ≤ 0.05; FFA, free fatty acids; IV, iodine value; SI, saponification index; Uns, unsaponifiable
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Figure 2. Carotenoids content of CPO from the southeastern region


4. Discussion
The physico-chemical characterization of crude palm oil (CPO) from five industrial mills in southeastern Côte d’Ivoire revealed notable differences in quality attributes, highlighting the influence of processing efficiency, post-harvest handling, and mill management practices. The values of refractive index (1.454-1.455) of the different CPO samples were within the range of those reported by the Codex (2023). Moisture content varied from 0.22% to 0.28%. While most mills complied with the Codex Alimentarius limit (≤0.25%), CPO from Agrivar (0.26%) and Atoe (0.28%) exceeded this threshold. Elevated moisture generally indicates insufficient drying or inadequate storage, conditions that accelerate hydrolytic rancidity and promote microbial growth (Nwosu-Obieogu et al., 2017). Similar observations were reported by MacArthur et al. (2021), who emphasized that suboptimal storage conditions contribute to moisture retention in palm oil. Insoluble impurities also exceeded Codex limits (<0.05%) in oils from Agrivar and Atoe, suggesting ineffective clarification processes or contamination during extraction. Impurities such as fibers, soil, and press-cake particles are frequently associated with inadequate filtering systems and poor hygienic conditions (Ngando et al., 2011; Ohimain et al., 2013). In contrast, CPO from Palmci, Dekel Oil, and Palmafrique showed near-complete removal of impurities, demonstrating more efficient clarification procedures. Slip melting point (SMP) values ranged from 34.12 to 38.70 °C, aligning with the consensus values for crude palm oil (33–45°C) as defined by Firestone (2006). This indicates that the oils have melting and crystallization properties consistent with typical palm oils, influenced by fatty acid chain length and degree of unsaturation (Azmil et al., 2008).
Free fatty acid (FFA) content ranged from 2.87% to 6.04%. Except for Agrivar, where FFA exceeded the standard limit of 5%, all mills produced CPO within acceptable international quality requirements. High FFA levels typically result from lipase activity associated with bruised fruits, delayed processing, and prolonged fermentation (Domonhédo et al., 2018). In mills such as Palmci, Dekel Oil, and Palmafrique, lower FFA levels likely reflect efficient fruit logistics: harvest at optimal maturity, minimal handling damage, and rapid sterilization (De Almeida et al., 2013). Iodine values (53.89-56.11 g I2/100 g) were consistent with Codex recommendations (50-55 g I2/100 g), indicating appropriate levels of unsaturation and confirming that oils possess the typical fatty acid profile of CPO (Niamketchi et al., 2024). Saponification values (191.87-202.29 mg KOH/g) fell within the acceptable range for palm oil (190–205 mg KOH/g) and suggest suitability for soap and cosmetic formulations (Yéo et al., 2022). DOBI values varied between 2.32 and 2.84. Oils from Agrivar and Atoe were below the Malaysian Palm Oil Board (MPOB) recommended minimum of 2.7, reflecting lower bleachability and potential deterioration, often caused by the use of overripe or improperly stored fruits (Basyuni et al., 2017). Higher DOBI values in Palmafrique, Dekel Oil, and Palmci indicate better preservation of minor components and superior fruit handling prior to extraction. Carotenoid content ranged from 857.33 to 1109.30 mg/kg, exceeding the PORAM reference values (500-1000 mg/kg) and confirming the high nutritional value of the oils produced in the region. Genotypes oil palm (La Mé and Yocoboué) from Côte d’Ivoire using in oil palm plantations had both carotene and tocochromanol contents higher than 500 ppm (Morcillo et al., 2021). Elevated carotenoids are consistent with high DOBI values and reflect limited thermal or oxidative degradation during processing. Overall, these findings demonstrate that crude palm oil quality in southeastern Côte d’Ivoire is strongly determined by fruit handling, processing efficiency, and mill operation practices. Mills with better logistical coordination and optimized extraction processes produced CPO with superior quality indicators, while deviations from recommended practices resulted in higher moisture, impurities, and FFA levels.
5. Conclusion
This study reveals significant variability in the physico-chemical quality of crude palm oil (CPO) produced by five industrial mills in southeastern Côte d’Ivoire, primarily driven by differences in post-harvest management, processing efficiency, and operational protocols. While key parameters, such as iodine value, saponification index, DOBI (in three mills), and carotenoid content, generally comply with international quality standards, notable deviations in moisture content, insoluble impurities, and free fatty acids were identified, particularly in CPO from Agrivar and Atoe mills. These discrepancies point to critical issues like delayed processing after fruit harvesting, inadequate clarification, and suboptimal drying or storage conditions. In contrast, Palmci, Dekel Oil, and Palmafrique mills consistently produced CPO that met or exceeded quality benchmarks, exhibiting superior carotenoid and DOBI levels, indicative of optimized fruit handling and processing practices. These findings underscore the urgent need to reinforce good manufacturing practices, reduce the time lapse between harvesting and sterilization, and upgrade clarification and storage systems. Adopting these improvements will be pivotal in producing premium grade CPO, thereby bolstering the competitiveness of Côte d’Ivoire’s palm oil industry in the global marketplace.
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