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ABSTRACT 
 

Aim: This study aims to evaluate the nutritional profiles, chemical compositions, and potential 
contamination of palm oil samples from different locations in Yenagoa Metropolis, Nigeria, to 
assess their quality and safety. 
Study Design: An analytical investigation was conducted, using proximate analysis, mineral 
content determination, and Gas Chromatography-Mass Spectrometry (GC-MS) to characterize the 
palm oil samples' composition and contamination levels. 
Place and Duration of Study: The research was carried out in Yenagoa Metropolis, Nigeria, from 
January to October 2023. 
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Methods: Palm oil samples were collected from three distinct locations within Yenagoa Metropolis. 
Proximate analysis quantified moisture, ash, protein, fat, and carbohydrate contents. Mineral 
content was assessed for potassium, iron, magnesium, and phosphorus. GC-MS was employed to 
identify and quantify bioactive compounds and potential contaminants in the samples. 
Results: Moisture content ranged from 0.00% in sample C to 3.00% in sample A. Ash content was 
highest in samples B and C, at 20.06%, while sample C had the highest fat content at 47.0%. 
Potassium (10.9%) and phosphorus (0.53%) were also highest in sample C. GC-MS analysis 
revealed key bioactive compounds, such as n-hexadecanoic acid and squalene, but also detected 
harmful contaminants especially in samples A and B. Presence of Isobutylene glycol and various 
oxiranes can cause skin, eye, and respiratory irritation, with prolonged exposure leading to severe 
health issues. Benzene, toluene, Trimethylamine compound with Borane, Pentane 3-ethyl-2-methyl 
and Heptane 2-methyl are associated with respiratory problems, neurological damage, and 
potential long-term organ effects. Contaminants in the oil samples were attributed to inadequate 
refining, contaminated raw materials, improper handling, and environmental pollution. This study 
emphasizes the nutritional value of palm oil while highlighting the need for improved quality control 
measures to ensure the safety and efficacy of palm oil products. 
 

 

Keywords: Palm oil; nutritional profile; proximate analysis; chemical composition; residual solvents; 
GC-MS. 

 

1. INTRODUCTION 
 

Edible oils, including those derived from both 
plant and animal sources, are integral 
components of human diet, providing essential 
fatty acids, fat-soluble vitamins, and energy. 
These oils, rich in mono-, and polyunsaturated 
fatty acids, play crucial roles in maintaining 
human health [1]. Additionally, they serve as 
significant natural sources of carotenoids, which 
are precursors to Vitamin A, and are known to 
enhance immune function, cardiovascular health, 
and protect cells from oxidative damage [2,3]. 
 

Among edible oils, palm oil, derived from the fruit 
of the oil palm (Elaeis guineensis), stands out 
due to its extensive use and nutritional benefits. 
The oil palm produces two types of oils: the 
mesocarp-derived crude palm oil and the kernel-
derived crude palm kernel oil. Palm oil has a long 
history of use, spanning over 5,000 years, and 
today, it is the most widely produced vegetable 
oil globally [4,5]. The nutritional profile of palm oil 
is particularly notable for its high beta-carotene 
content, which helps regulate hormonal levels 
and provides antioxidant properties that protect 
against cancer and cardiovascular diseases 
[5,6]. Furthermore, palm oil is rich in tocopherols, 
which contributes to its antioxidant capacity, and 
contains small amounts of omega-3 fatty acids, 
vitamin E, vitamin D, ubiquinone, and squalene, 
each contributing to various health benefits 
[7,8,9]. 
 

Despite these benefits, palm oil's production and 
processing have raised significant concerns 
regarding contamination. The solvent extraction 
method, often used to maximize oil recovery, 

introduces the risk of residual solvents, such as 
hexane, acetone, and other volatile organic 
compounds (VOCs), remaining in the final 
product [10,11]. These contaminants pose 
potential health risks, including peripheral 
neuropathy, respiratory issues, and even 
carcinogenic effects [12]. Furthermore, 
environmental factors, such as industrial 
activities near palm plantations, can introduce 
additional contaminants like benzene, toluene, 
and other VOCs into the oil through air, water, or 
soil pollution [13,14]. 

 
In local palm oil refineries, the Refining, 
Bleaching, and Deodorization (RBD) process is 
typically executed using more manual methods 
and less sophisticated equipment than in 
industrial settings. The process begins with 
degumming, wherein workers manually introduce 
water or acids to the crude oil in basic mixing 
tanks to facilitate the removal of phospholipids 
and impurities. This is followed by neutralization, 
where an alkali such as sodium hydroxide is 
mixed with the oil to neutralize free fatty acids 
(FFA), forming soap stock that is subsequently 
separated using simple gravity settling or 
rudimentary centrifugation techniques. The next 
step, bleaching, involves the manual addition of 
bleaching earth or activated carbon to heated oil 
tanks, after which the mixture is filtered through 
basic systems to eliminate color pigments and 
impurities. However, the effectiveness of this 
step may not be as tightly controlled as in larger 
operations. The deodorization process is 
conducted using small-scale steam distillation 
units where the oil is subjected to heat under 
vacuum to remove volatile compounds that 
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cause undesirable odors and flavors. However, 
local facilities may not achieve the same level of 
temperature control or vacuum pressure as 
industrial plants, potentially resulting in less 
effective deodorization. Consequently, the overall 
process yields refined palm oil, but often with 
greater variability in quality and a higher risk of 
residual contaminants due to the less precise 
control over each step [15,16] 
 

There are many scholarly reports on the 
nutritional value of palm oil, highlighting its role in 
providing essential nutrients and bioactive 
compounds. Additionally, studies have explored 
the health implications of consuming palm oil, 
particularly its effects on cardiovascular health, 
cholesterol levels, and its potential anti-cancer 
properties [17,18,19]. 
 

However, the literature on palm oil contamination 
is less comprehensive, with many studies 
focusing primarily on microbial contamination 
rather than chemical residues. While some 
research have identified the presence of harmful 
contaminants, such as 3-monochloropropane-
1,2-diol esters (3-MCPDE) and glycidyl esters 
(GE), the extent of residual solvent 
contamination, particularly in regions with less 
industrial activity, remains underexplored [20,21]. 
Moreover, the impact of environmental 
pollutants, such as benzene and toluene, 
introduced through industrial processes or 
packaging materials, has not been thoroughly 
investigated in palm oil studies. 
 

Given these gaps, the current study aims to 
address the critical need for comprehensive 

analysis of both the nutritional and chemical 
profiles of palm oil, with a particular focus on 
identifying residual solvents and other 
contaminants in palm oil samples from Bayelsa 
State, Nigeria. By examining palm oil from 
various sources within the region, this research 
will contribute to a better understanding of the 
potential public health and food safety 
implications associated with palm oil 
consumption in areas less affected by industrial 
activities. The findings of this study will provide 
valuable insights for both consumers and 
policymakers, helping to ensure the safety and 
quality of palm oil products. 
 

2. MATERIALS AND METHODS 
 

Three palm oil (Elaeis guineensis) samples were 
collected from Yenagoa metropolis. Sample A 
was obtained from a local oil mill in Bolou-Orua, 
while Samples B and C were sourced from 
Akenfa and Swali markets, respectively, within 
Bayelsa State, Nigeria. The oils, as depicted in 
Fig. 1, were accurately identified at the 
Biotechnology Department of the University of 
Africa, Toru-Orua. Subsequently, the samples 
were transferred into three distinct reagent 
bottles, appropriately labeled, and stored in a 
cupboard for further analysis. 
 

2.1 Proximate Analysis  
 

The levels of moisture (water content), fat, ash, 
carbohydrates, protein, and non-fat nutrients 
were determined using the standard 
methodologies described by the Association of 
Official Analytical Chemists [22]. 

 

 
 

Fig. 1. Palm oil samples collected from Bolou-Orua (A), Akenfa market (B), and  
Swali market (C) 
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2.2 Elemental Results 
 

The elemental composition of magnesium, iron, 
copper, phosphorus, sodium, potassium, and 
zinc was analyzed employing the techniques 
specified by the Association of Official Analytical 
Chemists [22]. 
 

2.3 Gas Chromatography-Mass 
Spectroscopy (GC-MS) Analysis of 
Bioactive Components  

 

GC-MS assessment of the hexane extracts from 
palm oil samples A, B and C was performed 
using an Agilent 6890 gas chromatograph (GC) 
coupled with an Agilent 5973N Mass 
Spectrometer (MS), both obtained from Agilent 
Technologies, Palo Alto, CA, USA. The GC-MS 
configuration included an Agilent 7683 Series 
Automatic Liquid Sampler for automated sample 
introduction. 
 

Chromatographic separation was carried out 
employing a META X5 coated fused silica 
capillary column (30 meters in length, 0.25 mm 
internal diameter, with a stationary phase film 
thickness of 0.25 µm), with a maximum column 
temperature of 325°C. The GC oven temperature 
program initiated at 70°C, held for 2 minutes, and 
then increased to 300°C at a rate of 20°C/min. 
 

Ultra-high purity helium (99.99 %) served as the 
carrier gas at a flow rate of 1.0 mL/min. A 1 µL 
sample volume was injected in split mode with a 
split ratio of 20:1. The mass spectrometer was 
operated with the source and quadrupole 
temperatures set at 230°C and 150°C, 
respectively, and the injection port, transfer line, 
and ion source temperatures maintained at 
280°C. Mass spectra were acquired over a scan 
range of 50 to 550 atomic mass units (amu) with 
an electron ionization energy of 70 electronvolts 
(eV). The electron multiplier voltage was 
adjusted through an autotune procedure. 
 

2.4 Identification of Components 
 

The identification and characterization of 
chemical compounds within the sample extracts 
were achieved through the analysis of retention 
times as determined by gas chromatography. 
The corresponding mass spectra were compared 
against a reference spectra library using 
advanced computer algorithms. For the 
interpretation of the gas chromatography-mass 
spectrometry (GC-MS) data, the comprehensive 
database maintained by the National Institute of 
Standards and Technology (NIST) was utilized, 
encompassing over 590,000 spectral patterns.  

To elucidate the properties of the compounds 
present in the sample extracts, mass spectra of 
unidentified compounds were cross-referenced 
with those of known components cataloged in the 
NIST library (version 2014). This comparative 
analysis enabled the accurate determination of 
compound names, molecular weights, molecular 
formulas, structures, and fragmentation patterns. 
 

3. RESULTS 
  
The findings from the analyses conducted on the 
three palm oil samples A, B and C are outlined 
below: 
 

3.1 Proximate and Elemental Analyses 
Results 

  
Proximate and elemental analyses of the three 
(3) palm oil (Elaeis guineensis) samples A, B and 
C were performed in triplicate, and the results 
are as shown in Table 1. 
 

3.2 GC-MS Results 
 
GC-MS results of hexane extracts of three (3) 
Palm oil samples A, B and C, are shown in 
Tables 2-4. 
 

4. DISCUSSION 
 

4.1 Proximate Composition 
 
Table 1 presents the proximate analysis results 
for oil samples A, B, and C collected from 
Yenagoa Metropolis. The moisture content for 
these samples was 3.00%, 1.00%, and 0.00%, 
respectively. Ajiboye et al. [23] reported a 
moisture content of 2.11%, indicating that 
observed differences may be due to variations in 
palm fruit species. Extremely low moisture levels 
can adversely affect the quality of oil and fat 
products, as residual water significantly impacts 
their appearance and shelf life [24]. The ash 
content for samples A, B, and C were 13.02%, 
20.06%, and 20.06%, respectively. This indicates 
that sample A has a lower inorganic residue 
compared to samples B and C. Raji et al. [24] 
reported lower ash content, suggesting that 
differences in ash content could be due to 
variations in soil conditions across different 
geographic locations. Protein content in samples 
A, B, and C were 5.80%, 7.40%, and 6.40%, 
respectively. This is in line with the value 
reported by Ajiboye et al. [23], who found a 
protein content of 5.43%. 
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Table 1. Proximate and mineral composition of three (3) Palm oil (Elaeis guineensis) samples 
collected from Yenagoa Metropolis 

 
Oil Samples Proximate composition Mean ± SD (%) Elemental composition Mean ± SD (mg) 

Sample A 
Sample B 
Sample C 

Moisture  3.00 ± 0.1 
1.00 ± 0.3 
0.00 

Potassium (K) 8.61 ± 0.2 
5.63 ± 0.1 
10.9 ± 0.1 

Sample A 
Sample B 
Sample C 

Protein  5.80 ± 0.1 
7.40 ± 0.3 
6.40 ± 0.2 

Iron (Fe) 0.19 ± 0.1 
0.18 ± 0.2 
0.19 ± 0.2 

Sample A 
Sample B 
Sample C 

Carbohydrate  2.00 ± 0.1 
2.00 ± 0.2 
4.00 ± 0.2 

Sodium (Na) 106.3 ± 0.1 
106.3 ± 0.1 
107.1 ± 0.1 

Sample A 
Sample B 
Sample B 

Ash  13.2 ± 0.2 
20.6 ± 0.1 
20.6 ± 0.2 

Copper (Cu) 10.00 ± 0.2 
39.00 ± 0.1 
20.00 ± 0.2 

Sample A 
Sample B 
Sample C 

Fat/Oil 34.0 ± 0.01 
20.0 ± 0.2 
47.0 ± 0.2 

Magnesium (Mg) 0.10 ± 0.1 
0.03 ± 0.2 
0.10 ± 0.1 

Sample A 
Sample B 
Sample C 

  
Zinc 0.435 ± 0.1 

0.302 ± 0.1 
0.388 ± 0.1 

Sample A 
Sample B 
Sample C 

 
 Phosphorus 0.30 ± 0.1 

0.50 ± 0.1 
0.30 ± 0.2 

 
Table 2. Identified compounds from the hexane extract of palm oil sample A by gas 

chromatography-mass spectrometry (GC-MS) 
 

S/N Retention 
Time (min) 

Name of compound Probability 
(%) 

Molecular 
formula 

Molecular 
weight 

1. 1.303 Borane, compd. with dimethylamine (1:1) 93.5 C2H10BN 59 
2. 1.370 Trimethylamine, compd. with borane  88.9 C3H12BN 73 
3. 1.394 Diaziridine,3,3-dimethyl 95.2 C3H8N2 72 
4. 1.441 Butane, 2,2-dimethyl 76.3 C6H14 86 
6. 1.542 Isobutylene glycol 89.1 C5H10O 86 
7. 1.585 Ethyl tert-butyl ether 91.9 C5H10O 86 
8. 1.707 Furan, 2,5-dihydro-3-methyl 94.1 C5H8O 84 
9. 1.824 Pentane, 3,3-dimethyl 84.0 C7H16 100 
10. 1.880 Benzene 81.9 C6H6 78 
11. 1.939 Cyclopentane, 1,1-dimethyl 70.9 C7H14 98 
12. 2.042 Cycloheptane 76.8 C7H14 98 
13. 2.103 Heptane, 3-4-dimethyl 82.3 C9H2O 128 
14. 2.340 Cyclopentane,1-ethyl-1-methyl 84.2 C8H16 112 
15. 2.403 Cyclopentane, ethyl1- 88.5 C7H14 98 
16. 2.444 Cyclopentane, 1,2,4-trimethyl 70.9 C8H16 112 
17. 2.509 Cyclopentane, 1,2,3-trimethyl- 66.6 C8H16 112 
18. 2.604 Pentane, 3-ethyl-2-methyl 79.1 C8H18 114 
19. 2.677 Heptane, 2-methyl- 80.3 C8H18 114 
20. 2.752 Toluene 80.5 C7H8 92 
21. 2.844 Cyclohexane, 1,3-dimethy- 72.7 C8H16 112 
22. 2.864 Cyclohexane, 1,4-dimethyl 60.5 C8H16 112 
23. 2.910 Cyclohexane, 1,1-dimethyl- 81.4 C8H16 112 
24. 2.932 Cyclopentane, 1-ethyl-2-methyl- 58.4 C8H16 112 
25 3.012 Octane 74.5 C8H18 114 
26. 3.038 Cyclohexane, 1,2-dimethyl- 69.5 C8H16 112 
27. 3.085 Cyclohexane, 1,3-dimethyl- 59.4 C8H16 112 
28. 3.261 Heptane, 2,6-dimethyl 81.4 C9H20 128 
29. 3.326 1-Nonene 44.0 C9H18 126 
30. 3.361 Cyclohexane, ethyl- 88.3 C8H16 112 
31. 3.389 Cyclohexane, 1,1,3-trimethyl- 83.0 C9H18 126 
32. 3.421 1,1,4-Trimethylcyclohexane 81.6 C9H18 126 
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S/N Retention 
Time (min) 

Name of compound Probability 
(%) 

Molecular 
formula 

Molecular 
weight 

33. 3.536 Cyclohexane, 1,2,4-trimethyl- 72.8 C9H18 126 
34. 3.627 Benzene, 1,3-dimethyl 62.4 C8H10 106 
35. 3.820 Cyclopentane, butyl- 73.7 C9H18 126 
37. 3.853 1-Ethyl-3-methylcyclohexane 66.1 C9H18 126 
37. 3.889 Cyclohexane, 1-ethyl-4-methyl- 73.6 C9H18 126 
38. 3.931 Nonane 74.3 C9H20 128 
39. 4.020 Cyclohexane, 1-ethyl-2-methyl 61.6 C9H18 126 
40. 4.132 Bicyclo[3.2.1]octane 59.9 C8H14 110 
41. 4.210 Cyclohexane, propyl 85.8 C9H18 126 
42. 4.442 Dichloroacetic acid, heptadecyl ester 40.5 C19H36Cl2O2 366 
43. 4.474 Benzene, 1-ethyl-3-methyl 68.6 C9H12 120 
44. 4.530 Benzene, 1,2,3-trimethyl- 61.4 C9H12 120 
45. 4.703 Decane 77.7 C10H22 142 
46. 4.102 Mesitylene 74.1 C9H12 120 
47. 4.144 Cyclohexane, propyl- 85.8 C9H18 126 
48. 9.195 n-hexadecanoic acid  94.3 C16H32O2 256 
49. 9.784 oleic acid 71.1 C18H34O2 282 
50. 9.819 n-decanoic acid  93.3 C18H36O2 284 
51. 10.948 Docosanic acid  98.3 C22H44O2 340 
52. 11.773 Squalene 80.1 C30H50 410 

 
Table 3. Identified compounds from the hexane extract of palm oil sample B by gas 

chromatography-mass spectrometry (GC-MS) 
 

S/N Retention 
Time (min) 

Name of compound Probability 
(%) 

Molecular 
formula 

Molecular 
weight 

1. 1.316 Benzene,(methylenecyclopropyl)sulfonyl]- 96.5 C10H10O2S 194 
2. 1.354 1-Propene, 3-methoxy 93.4 C4H8O 72 
3. 1.401 5-Oxazolecarbonitrile, 4-methyl 97.9 C5H4N2O 108 
4. 1.432 2-Hexyn-1-ol 86.3 C6H10O 98 
5. 1.475 Oxirane, 2-ethyl-2-methyl 91.9 C5H10O 86 
6. 1.519 4-Cyclopentene-1,3-diol, trans 94.1 C5H8O2 100 
7. 1.542 Carbonic acid, but-3-yn-1-yl octyl ester 93.5 C13H22O3 226 
8. 1.586 Furan, 2,5-dihydro-3-methyl 94.1 C5H8O 84 
9. 1.663 1,3-Cyclobutanedicarbonitrile 71.3 C6H6N2 106 
10. 1.696 2-Undecyne 63.4 C11H20 152 
11. 1.816 2-Pyridinecarbonitrile, 6-chloro 98.6 C6H3CIN2 138 
12. 1.873 Benzene 81.9 C6H6 78 
13. 1.900 2,4-Hexadiyne 86.5 C6H6 78 
14. 1.971 1,3-Cyclobutanedicarbonitrile 71.3 C6H6N2 106 
15. 2.238 4-Cyclopentene-1,3-diol, trans- 94.1 C5H8O2 100 
16. 2.327  2-Hexene, 5-methyl- 69.0 C7H14 98 
17. 2.363 Heptane, 3-methylene 78.5 C8H16 112 
18. 2.423 3-Octene 64.1 C8H16 112 
19. 2.619 N-(4-Carboxymethyl)-N'-phenyl-urea 97.7 C15H14N2O3 270 
20. 2.668 2-Penten-4-yne, 2-methyl- 84.8 C6H8 80 
21. 2.757 Cyclopropanecarboxylic acid, 2-

methylene-, methyl ester 
97.6 C6H8O2 112 

22. 2.774 7,8-Dioxabicyclo[3.2.1]oct-2-ene 94.7 C6H8O2 112 
23. 2.816 Cyclooctane 63.7 C8H16 112 
24. 2.922 Carbonic acid, but-2-yn-1-yl hexadecyl 

este 
74.5 C21H38O3 338 

25. 2.946 2-Cyclopenten-1-one, 4-methoxy 95.3 C6H8O2 112 
26 2.992 2,4-Dimethyl-3-hexene(c,t) 52.8 C8H16 112 
27. 3.049 Dodecane, 2,2,11,11-tetramethyl- 86.8 C16H34 226 
28. 3.079 Heptane, 2,4-dimethyl- 69.3 C9H20 128 
29. 3.160 Heptane, 2,6-dimethyl 81.4 C9H20 128 
30. 3.230 Cyclooctane, methyl 59.7 C9H18 126 
31. 3.270 trans-4,4-Dimethyl-2-hexene 51.0 C8H16 112 
32. 3.298 3-Hexene, 2,3-dimethyl- 65.7 C8H16 112 
33. 3.328 1,1,4-Trimethylcyclohexane 81.6 C9H18 126 
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S/N Retention 
Time (min) 

Name of compound Probability 
(%) 

Molecular 
formula 

Molecular 
weight 

34. 3.380 5-Eicosene 36.5 C20H40 280 
35. 3.445 Cyclohexane, 1,2,4-trimethyl 75.9 C9H18 126 
36. 3.534 1,5-Hexadien-3-yne, 2-methyl 91.5 C7H8 92 
37. 3.650 Furazan-3-carbohydrazide-4-methyl-N2-

benzylideno 
95.6 C9H9N3O2 191 

38. 3.713 Bicyclo[3.2.1]octane 59.9 C8H14 110 
39. 3.738 Cyclohexane, 1,2,4-trimethyl- 75.9 C9H18 126 
40. 3.775 cis-1-Ethyl-3-methyl-cyclohexane 67.1 C9H18 126 
41. 3.814 Cyclohexane, 1-ethyl-4-methyl-, trans- 61.1 C9H18 126 
42. 3.844 1,5-Hexadien-3-yne, 2-methyl- 91.5 C7H8 92 
43. 3.950 Cyclohexane, 1-ethyl-2-methyl- 61.6 C9H18 126 
44. 3.984 trans-1,2-Diethyl cyclopentane 80.3 C9H18 126 
45. 4.063 Hexenyl angelate, 4z- 76.9 C11H18O2 182 
46. 4.102 Mesitylene 74.1 C9H12 120 
47. 4.144 Cyclohexane, propyl- 85.8 C9H18 126 
48. 4.182 Heptane, 3-ethyl-2-methyl- 79.6 C10H22 142 
49. 4.215 1-Methyl-2-methylenecyclohexane 52.9 C8H14 110 
50. 4.303 Cyclohexane, 1,3-dimethyl-2-methylene-, 

trans- 
68.8 C9H16 124 

51. 4.362 Benzene, propyl- 89.4 C9H12 120 
52. 4.386 Nonane, 2-methyl- 72.5 C10H22 142 
53. 4.413 Benzene, 1-ethyl-3-methyl- 61.7 C9H12 120 
54. 4.442 Benzene, 1-ethyl-2-methyl- 63.3 C9H12 120  
55. 4.478 Mesitylene 68.6 C9H12 120 
56. 4.570 Cyclohexane, 1-ethyl-1-methyl- 72.5 C9H18 126 
57. 4.672 Mesitylene remove 68.6 C9H12 120 
58. 4.790 4,5-Dihydro-4,4-undecamethylene-2-

phenyl-1,3-oxazin-6-one 
97.6 C21H29NO2 327 

59.. 4.817 Decane, 4-methyl- 62.3 C11H24 156 
60. 4.887 Benzene, 1,2,3-trimethyl- 61.4 C9H12 120 
61. 4.931 Cyclohexane, (2-methylpropyl)- 93.6 C10H20 140 
62. 5.117 Benzene, 1,3-diethyl- 70.1 C10H14 134 
63.. 5.144 Naphthalene, decahydro- 66.8 C10H18 138 
64. 5.338 Undecane 55.0 C11H24 156 
65. 8.462 Tetradecanoic acid 92.0 C14H28O2 228 
66. 9.017 Hexadecanoic acid, methyl ester 92.1 C17H34O2 270 
67. 9.268 1-(3-Methylbutoxy)-1-methyl-1-

silacyclohexane 
95.3 C11H24OSi 200 

68. 9.613 9-Octadecanoic acid (Z)-, methyl ester 44.1 C19H36O2 296 
69. 9.842 6-Octadecanoic acid, (Z)- 61.0 C18H34O2 282 
70. 9.876 Octadecanoic acid 93.3 C18H36O2 284 
71. 11.867 Squalene 91.3 C30H50 410 

 
Table 4. Identified compounds from the hexane extract of palm oil sample C, by gas 

chromatography-mass spectrometry (GC-MS) 
 

S/N Retention 
Time (min) 

Name of compound Probability 
(%) 

Molecular 
formula 

Molecular 
weight 

1. 1.327 Cyclopropyl(2-nonyloxy-benzyl)amine 92.3 C5H11Cl 106 
2. 1.388 Butane,2,2-dimethyl- 76.3 C6H14 86 
3. 1.455 Pentane, 2-methyl- 91.8 C6H14 86 
4. 1.490 Pentane, 3-methyl- 74.3 C6H14 86 
5. 1.533 n-Hexane 90.2 C6H14 86 
6. 1.641 1-Hexyl trifluoroacetate 92.5 C8H13F3O2 198 
7. 1.805 1,3-Hexadien-5-yne 84.9 C6H6 78 
8. 1.931 Cyclopentane, 1,2-dimethyl-, cis- 54.8 C7H14 98 
9. 1.971 Heptane 83.7 C7H16 100 
10. 2.194 Cycloheptane 76.8 C7H14 98 
11. 2.305 Hexane, 2-methyl-4-methylene- 79.7 C8H16 112 
12. 2.370 Cyclopentane, 1,2,3-trimethyl- 66.6 C8H16 112 
13. 2.502 Heptane, 2-methyl- 80.3 C8H18 114 
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S/N Retention 
Time (min) 

Name of compound Probability 
(%) 

Molecular 
formula 

Molecular 
weight 

14. 2.592 Toluene 80.5 C7H8 92 
15. 2.678 Cyclohexane, 1,3-dimethyl- 67.2 C8H16 112 
16. 2.839 Octane 74.5 C8H18 114 
17. 2.874 Cyclohexane, 1,2-dimethyl-, trans- 69.5 C8H16 112 
18. 2.938 Cyclohexane, 1,3-dimethyl- 67.2 C8H16 112 
19. 3.190 Cyclooctane, methyl- 59.7 C9H18 126 
20. 3.223 Ethylcyclohexane 83.3 C8H16 112 
21. 3.251 3-Hexene, 2,3-dimethyl- 65.7 C8H16 112 
22. 3.533 Ethylbenzene 74.8 C8H10 106 
23. 3.615 1,4-Dimethylbenzene 69.6 C8H10 106 
24. 3.830 1,2-Dimethylbenzene 65.8 C8H10 106 
25. 4.129 Cyclohexane, 2-propenyl- 88.7 C9H16 124 
26 4.420 Benzene, 1-ethyl-2-methyl- 63.3 C9H12 120 
27. 4.480 Hemimelitene 61.4 C9H12 120 
28. 4.658 Decane 77.7 C10H22 142 
29. 9.030 methyl palmitate 92.1 C17H34O2 270 
30. 9.029 Pentadecanoic acid-3-methyl, methyl ester 92.1% C17H34O2 270 
31. 9.224 n-Hexadecanoic acid 94.3% C16H32O2 256 
32. 9.624 9-Octadecanoic acid, methyl ester 44.6% C19H36O2 296 
33. 9.687 Methyl stearate 90.5% C19H38O2 298 
34. 9.807 9-Octadecenoic acid 62.8% C18H34O2 282 
35. 9.847 n-Decanoic acid 93.3% C18H36O2 284 

 

The fat content of samples A, B, and C were 34.0 
%, 20.0 %, and 47.0 %, respectively. Sample C 
exhibited a significantly higher fat content 
compared to samples A and B. Ajiboye et al. [23] 
reported a higher fat content of 78.19%, 
suggesting that variations in fat composition 
could be attributed to factors such as genetic 
variations, geographical location, agricultural 
practices, harvesting time, and storage 
conditions. The carbohydrate content of samples 
A, B, and C were 2.00%, 2.00%, and 4.00%, 
respectively. In comparison, Raji et al. [24] 
reported a carbohydrate content of 0.01756% in 
palm oil samples from Bayelsa State. 
 

4.2 Nutritional Composition 
 

Table 1 also presents the mineral content of 
palm oil samples A, B, and C. The potassium 
concentrations were 8.61 % in sample A, 5.63 % 
in sample B, and 10.9 % in sample C, with 
sample C exhibiting the highest potassium 
content. Potassium is a critical nutrient in oil palm 
production, playing a vital role in converting light 
into biochemical energy during photosynthesis 
and facilitating the efficient transport of 
assimilates from the leaves to other plant organs 
[25].  
 

The iron (Fe) concentrations in samples A, B, 
and C were 0.19%, 0.18%, and 0.19%, 
respectively. These low levels of iron suggest 
that palm oil is not a significant source of this 
mineral. Magnesium (Mg) concentrations were 
0.10% in sample A, 0.03% in sample B, and 

0.01% in sample C. Phosphorus (P) levels were 
0.30% in sample A, 0.50% in sample B, and 
0.53% in sample C, with sample C having the 
highest phosphorus concentration. Phosphorus 
is essential for ATP synthesis and bone 
mineralization [26,27]. This comparative study 
indicates that palm oil samples A, B, and C 
contain essential proximate and mineral nutrients 
necessary for various bodily functions. 

 
4.3 GC-MS Analysis 
 
The Gas Chromatography-Mass Spectrometry 
(GC-MS) analyses of hexane extracts from palm 
oil samples A, B, and C are detailed in Tables 2 
through 4. Table 2, which presents data for oil 
sample A, lists fifty-two compounds along with 
their retention time, molecular weight, molecular 
formula, and peak area percentages. Bioactive 
components with peak area percentages below 5 
% were considered insignificant. Notable 
bioactives include n-hexadecanoic acid (94.3%), 
oleic acid (71.1%), n-decanoic acid (93.3%), 
docosanic acid (98.3%), and squalene (80.1%). 

 
The compound n-hexadecanoic acid, also known 
as palmitic acid (Fig. 2a), imparts texture, 
stability, and flavor to food products [28], 
although, excessive intake of palmitic acid has 
been linked to adverse health effects, particularly 
in elevating low-density lipoprotein (LDL) 
cholesterol levels, which may contribute to the 
development of cardiovascular diseases [29]. 
Oleic acid (Fig. 2b) is recognized for its anti-



 
 
 
 

Bennett and Ebisintei; Eur. J. Nutr. Food. Saf., vol. 16, no. 9, pp. 319-338, 2024; Article no.EJNFS.122848 
 
 

 
327 

 

inflammatory properties [30]. In contrast, n-
decanoic acid (Fig. 2c) exhibits antiseizure 
effects [31]. Docosanoic acid, or behenic acid 

(Fig. 2d), is known to raise cholesterol levels in 
humans [32]. Squalene (Fig. 2e) is valued for its 
antioxidant and moisturizing properties [33]. 

 

 
(a) 

 
(b) 

 
(c) 
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(d) 

 
(e) 

 
(f) 
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(g) 

 
 (h) 

 

Fig. 2. Chromatograms of major naturally occurring bioactive compounds present in palm oil 
sample A: hexadecanoic acid (a); Oleic acid (b); n-decanoic acid (c); Docosanic acid (d); 

Squalene (e), Benzene (f), Toluene (g), Mesitylene (h) 
 

 
(a) 
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(b) 

 
(c) 

 
(d) 
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(e) 

 
(f) 
 

Fig. 3. Chromatograms of major chemical compounds analysed from Palm oil sample B: 
Tetradecanoic acid (a); Hexadecanoic acid, methyl ester (b);  

9-octadecanoic acid methyl ester (c); Octadecanoic acid (d); Squalene (e); Mesitylene (f) 
 
In the analysis of sample A, 47 compounds not 
typically found in crude palm oil were identified at 
varying concentrations. These include 
Isobutylene glycol (89.1%), Oxirane 2-ethyl-2-
methyl (91.9%), Furan 2,5-dihydro-3-methyl 
(94.1%), Benzene (81.9 %), Trimethylamine 
compound with borane (88.9%), Diaziridine 3,3-
dimethyl (95.2%), Cyclopentane 1-ethyl-1-methyl 
(82.2%), Cyclopentane 1,2,4-trimethyl            
(70.9%), Pentane 3-ethyl-2-methyl (79.1%),                      
Heptane 2-methyl (80.3 %), Toluene (80.5%), 
Cyclohexane 1,1-dimethyl (81.4%), 1,1,4-
Trimethylcyclohexane (81.6%), Cyclohexane 
propyl (85.8 %), and Benzene 1-ethyl-3-methyl 
(68.6 %). 

In the analysis of sample B, a total of 71 
bioactive compounds were examined, as detailed 
in Table 3. Some of the identified compounds 
and their respective concentrations are as 
follows: Tetradecanoic acid (Myristic acid) 
(92.0%), Hexadecanoic acid methyl ester 
(92.1%), 9-Octadecanoic acid (Z)-methyl ester 
(Methyl oleate) (44.1%), 6-Octadecanoic acid 
(Z)- (61.0%), Octadecanoic acid (93.3 %), and 
Squalene (91.3 %). 
 
Tetradecanoic Acid (Myristic Acid), as depicted in 
Fig. 3a, is a 14-carbon, straight-chain saturated 
fatty acid prevalent in both plant and animal 
sources. It serves as a food additive and flavor 
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enhancer [34]. Hexadecanoic Acid Methyl Ester, 
shown in Fig. 3b, is noted for its antibacterial 
properties [35]. 9-Octadecanoic Acid Methyl 
Ester (Methyl Oleate), illustrated in Fig. 3c, is a 
naturally occurring component of palm oil, 
recognized as a monounsaturated fatty acid and 
a significant constituent of membrane 
phospholipids [36]. Octadecanoic Acid, 
represented in Fig. 3d, has been associated with 
antioxidant properties [37]. Squalene, a natural 
constituent of palm oil shown in Fig. 3e, is 
documented for its antitumor and anticancer 
effects against lung, ovarian, and breast cancers. 
Additionally, squalene is known to mitigate UV-
induced skin damage, lower LDL cholesterol 
levels, and reduce overall blood cholesterol, thus 
aiding in the prevention of cardiovascular 
diseases [38]. 
 

Sixty-five compounds not naturally present in 
crude palm oil were identified in oil sample B. 
These contaminants include octyl but-3-yn-1-yl 

carbonate (93.5%), (Methylenecyclopropyl) 
sulfonylbenzene (96.5%), 3-Methoxypropene 
(93.4%), 4-Methyl-5-oxazolecarbonitrile (97.9%), 
2-Hexynyl alcohol (86.3%), 2-Ethyl-2-
methyloxirane (91.9%), 3-Methyltetrahydrofuran 
(94.1 %), Benzene (81.9 %), Propylcyclohexane 
(85.8%), 1,3,5-Trimethylbenzene (68.6%), 
Furazan-3-carbohydrazide-4-methyl-N2-
benzylideno (95.6%), Mesitylene (74.1%), and 
Decane, 4-methyl- (62.3%).  
 

Thirty-five bioactive compounds were analyzed 
from smple C, as detailed in Table 4. Notable 
among these are Hexadecanoic Acid Methyl 
Ester (92.1%), n-Hexadecanoic Acid (94.3 %), 9-
Octadecenoic acid methyl ester (44.6 %), Methyl 
Stearate (90.5%), 9-Octadecenoic Acid (Oleic 
Acid) (62.8 %), and Octadecanoic Acid (93.3 %). 
Both 9-Octadecenoic acid methyl Ester (Methyl 
oleate) and Methyl stearate are utilized in 
biodiesel production, lubrication, and cosmetic 
formulations [39,40,41,42]. 

 

 
(a) 

 
(b) 
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(c) 

 
 

(d) 

 
 

(e) 
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(f) 

 
Fig. 4. Chromatograms of major chemical compounds analysed from oil sample C: 

Pentadecanoic acid-3-methyl, methyl ester (a); n-hexadecanoic acid (b); 9-octadecenoic acid 
methyl ester (c); Methyl stereate (d); 9-Octadecanoic acid -(E) (e); Toluene (f) 

 
Pentadecanoic acid-3-methyl, methyl ester (Fig. 
4a) is a saturated fatty acid associated with 
cardiometabolic protection [43]. n-Hexadecanoic 
acid (Fig. 4b) is recognized for its anti-
inflammatory properties [44]. Hexadecanoic acid 
methyl ester (Fig. 4c) exhibits antibacterial 
properties [35], while methyl sterate (Fig. 4d) 
serves as a metabolite [45]. Additionally, 9-
octadecenoic acid (Fig. 4e) possesses antibiotic 
properties [46].  
 
Furthermore, oil sample C contained twenty-nine 
compounds not naturally found in crude               
palm oil. These include isoamyl chloride  
(92.3%), n-hexane (90.2%), toluene (80.5%), 1-
hexyl trifluoroacetate (92%), ethylcyclohexane     
(83.3%), 2-hexyn-1-ol (86.3%), ethylbenzene 
(74.8%), 1,4-dimethylbenzene (69.9%), 1,2-
dimethylbenzene (65.8%), benzene, 1-ethyl-2-
methyl (63.3%), and hemimellitene (61.4%).  
 

4.4 Public Health Implications of Residual 
Solvents  

 
Isobutylene glycol (3-Methyl-2-buten-1-ol) is toxic 
to aquatic life; may cause irritation to the skin, 
eyes, and respiratory tract. Prolonged exposure 
could have adverse effects on human health [47]. 
Oxirane 2-ethyl-2-methyl can cause skin and eye 
irritation. It may also have harmful effects on 
respiratory health with long-term exposure [48]. 
Benzene, (Fig. 2f) is associated with respiratory 

issues and hematologic malignancies such as 
leukemia. Chronic exposure can lead to severe 
health problems including blood disorders [49]. 
Trimethylamine Compound with Borane can 
cause lung irritation, coughing, and shortness of 
breath. Prolonged exposure may lead to more 
serious respiratory problems [50]. Pentane 3-
ethyl-2-methyl can cause respiratory irritation 
and central nervous system effects, including 
dizziness and headache [51]. Heptane 2-methyl 
may cause skin and respiratory irritation. 
Prolonged exposure can lead to more serious 
health effects, including potential impacts on the 
liver and kidneys [52]. Toluene, (Figs. 2g, 4f) is 
associated with respiratory issues, headaches, 
dizziness, and neurological damage with long-
term exposure. It can also affect liver and kidney 
function [53]. Mesitylene (Figs. 2h, 3f), also 
known as 1,3,5-Trimethylbenzene is a colorless 
liquid not naturally occurring in palm oil. 1,3,5-
Trimethylbenzene can cause respiratory and skin 
irritation; long-term exposure may affect the liver, 
kidneys and lungs [54].  
 
2-Ethyl-2-methyloxirane can cause skin and 
respiratory irritation. Prolonged exposure may 
have additional health impacts [55]. 3-
Methyltetrahydrofuran is potentially irritating to 
the skin, eyes, and respiratory tract [56]. n-
Hexane is known to cause neurological damage, 
including peripheral neuropathy, and can be 
irritating to the skin and respiratory system [57]. 
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Ethylcyclohexane can cause skin and respiratory 
irritation; prolonged exposure may have 
additional health impacts [58]. Ethylbenzene is 
associated with respiratory and skin irritation; 
long-term exposure may affect liver and kidney 
function [59]. 1,4-Dimethylbenzene can cause 
skin and respiratory irritation; long-term exposure 
may affect the liver and kidneys [60]. 1,2-
Dimethylbenzene is potentially irritating to the 
skin, eyes, and respiratory tract [61]. 
Hemimellitene can cause skin and respiratory 
irritation; long-term exposure may lead to more 
severe health effects [62]. 
 

5. CONCLUSION 
 
The proximate and mineral analyses of palm oil 
samples A, B, and C collected from Yenagoa 
Metropolis reveal notable differences in their 
compositional profiles. Sample A exhibited a 
moisture content of 3.00%, which was higher 
than in samples B (1.00%) and C (0.00%), a 
factor that can negatively affect the quality and 
shelf life of the product. Ash content was highest 
in samples B and C (20.06%) compared to 
sample A (13.02%), indicating a higher level of 
inorganic residue, likely due to differences in soil 
conditions and geographic factors. Protein 
content across the samples was relatively 
consistent, with sample A at 5.80%, sample B at 
7.40%, and sample C at 6.40%. However, fat 
content varied significantly, with sample C having 
the highest fat content at 47.0%, compared to 
sample A (34.0%) and sample B (20.0%). This 
variation in fat content could be influenced by 
genetic factors, geographical location, 
agricultural practices, and storage conditions. In 
terms of mineral content, sample C exhibited the 
highest potassium concentration (10.9%), 
essential for plant health and nutrient conversion, 
and the highest phosphorus content (0.53%), 
important for ATP synthesis and bone 
mineralization. Iron and magnesium levels were 
low across all samples, indicating that palm oil is 
not a significant source of these minerals. 
 
GC-MS analyses identified a range of bioactive 
compounds in the palm oil samples. Sample A 
contained notable bioactives such as n-
hexadecanoic acid and oleic acid, which have 
potential health benefits and some adverse 
effects. Sample B featured tetradecanoic acid 
and squalene, compounds with applications in 
skin care and cardiovascular health. Sample C 
showed high concentrations of 9-octadecenoic 
acid and methyl stearate, which are useful in 
biodiesel production and cosmetics. Importantly, 

contaminants were identified in all samples, with 
the highest levels found in samples A and B. 
Contaminants such as toluene, benzene, n-
Hexane, Ethylcyclohexane, Ethylbenzene, 1,4-
Dimethylbenzene, 1,2-Dimethylbenzene and 
mesitylene pose significant health risks.  
 
The presence of these contaminants points to 
potential issues with processing methods and 
storage conditions. Contaminants in the three 
palm oil samples was attributed to inadequate 
refining processes, contaminated raw materials, 
improper handling and storage, the use of low-
quality additives, environmental pollution, and the 
recycling or reuse of materials without proper 
cleaning.  
 
Hence, while the palm oil samples exhibit 
essential nutrients and beneficial bioactive 
compounds, the presence of contaminants and 
compositional variations highlights the need for 
improved quality control measures to ensure the 
safety and efficacy of palm oil products. 
 

6. RECOMMENDATION  
 
To reduce the health risks associated with 
consuming contaminated palm oil, it is essential 
to process palm oil in a manner that minimizes or 
eliminates residual solvents. Manufacturers 
should follow regulatory guidelines, and 
consumers should be informed about the 
potential risks of solvent residues in palm oil and 
other food products. 
 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 
Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of this manuscript. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist.  
 

REFERENCES 
 
1. Tuei VC. Availability of Vegetable Edible 

Oils and Potential Health Implications in 
Kenya. Open Access Library Journal. 
2023;10 e9756. 

2. Uddin MM, Yeasmin MS, Jalil MA, Rana 
GMM, Rahman ML, Alam AKMS & Ibrahim 



 
 
 
 

Bennett and Ebisintei; Eur. J. Nutr. Food. Saf., vol. 16, no. 9, pp. 319-338, 2024; Article no.EJNFS.122848 
 
 

 
336 

 

M. Fatty acid composition of oil palm 
(Elaeis guineensis Jacq) fruits grown in 
Bangladesh. Bangladesh Journal of 
Scientific and Industrial Research. 
2020;55(2):153-158 

3. Kulczyński B, Gramza-Michałowska A, 
Cisowska JK, Kmiecik D. The role of 
carotenoids in the prevention and 
treatment of cardiovascular disease – 
Current state of knowledge. Journal of 
Functional Foods. 2017;38A:45-65 

4. Adam H, Collin M, Richaud F, Beule T, 
Cros D, Omore A, Nodichao L, Nouy B & 
Tregear JW Environmental regulation of 
sex determination in oil palm: current 
knowledge and insights from other 
species. Annuals of Botany. 
2011;108(8):1529 - 37 

5. Imoisi OB, Ilori GE, Agho I, Ekhator JO. 
Palm oil, its nutritional and health 
implications (Review). Journal of Applied 
Sciences and Environmental Management. 
2015;19(1):127. 

6. Nazaimoon WMW, Sakinah O, Gapor A, 
Khalid K. Effects of palm olein tocopherol 
and tocotrienol on lipid peroxidation, lipid 
profiles and glycemic control in non-insulin 
diabetes mellitus patients. Nutrition 
research. 1996;16(11-12):1901-1911 

7. Pereira TA, Shahi GS & Das NP. Effects of 
dietary palm oil on serum lipid 
peroxidation, antithrombin III, plasma cyclic 
AMP, and platelet aggregation. 
Biochemical Medicine and metabolic 
Biology. 1991;43(3):326-332 

8. Ong ASH & Goh SH. Palm oil: A healthful 
and cost-effective dietary. Food and 
Nutrition Bulletin. 2002;23(1):11-22  

9. Zainal Z, Khaza'ai H, Radhakrishnan AK & 
Chang SK. Therapeutic potential of palm 
oil vitamin E-derived tocotrienols in 
inflammation and chronic diseases: 
Evidence from preclinical and clinical 
studies. Food Research International. 
2022;(156):1175 

10. Kalogeropoulos N & Andrikopoulos NK. 
Squalene in oils and fats from domestic 
and commercial fryings of potatoes. 
International Journal of Food Sciences and 
Nutrition. 2004; 55(2):125-9. 

11. Loganathan R, Subramaniam KM, 
Radhakrishnan AK, Choo Y, Teng K. 
Health-promoting effects of red palm oil: 
evidence from animal and human studies. 
Nutrition Journal. 2017;75(2):98-113. 

12. Akinola SA, Omafuvbe BO, Adeyemo RO, 
Ntulume I & Ailero AA. Effect of storage on 

the quality of processed palm oil collected 
from local milling points within Ile-Ife, Osun 
State, Nigeria. Journal of Food Science 
and Technology. 2020; 57(3):858-865 

13. Alfalaval.com. “Reduce 3MCPD and GE, 
palm oil contaminants”  
Available:https://www.alfalaval.com › 
edible-oil-solutions › how-t... Accessed 
31/5/2024 

14. Eze SO, Nnenne KU, Eze CN. Polycyclic 
Aromatic Hydrocarbons (Pahs) 
Contamination In Palm Oil Samples From 
Major Markets Of Ohafia Agricultural Zone, 
Abia State, Nigeria. European Journal of 
Physical and Agricultural Sciences. 
2015;3(3):45-58 

15. Gibon V, Greyt WD, Kellens M. Palm oil 
refining. European Journal of Lipid Science 
and Technology. 2007;109(4):315–335 

16. Nagendran B, Unnithan UR, Choo YM, 
Sundram K. "Characteristics of red palm 
oil, a carotene- and vitamin E–rich refined 
oil for food uses". Food and Nutrition 
Bulletin. 2000;21(2):77–82 

17. Palade LM, Negoiță M, Adascălului AC, 
Mihai AL. Polycyclic Aromatic Hydrocarbon 
Occurrence and Formation in Processed 
Meat, Edible Oils, and Cereal-Derived 
Products: A Review. Applied Sciences. 
2023;13(13):7877 

18. Abdullahi N, Umar NB, Tsoho AU, Sani A, 
Yazeed ZM, Tsangaya MA, Yahaya YA, 
Yusuf K, Haruna SA, Abdullahi UA., Ali A., 
Dahiru UM, Suleiman UA. & Umar A A. 
Nigerian Palm Oil: Quality Disparity, 
Contamination and Processing Wastes 
Handling. FUDMA Journal of Sciences. 
2023;7(1):126-135 

19. Very Well Health. Effects of Acetone on 
Skin.  
Available:https://www.verywellhealth.com › 
... › Skin Health. Acesses 25/05/2024 

20. American Cancer Society “Benzene and 
Cancer Risk”  
Available:https://www.cancer.org › ...› 
Chemicals. Accessed 25/05/2024 

21. MacArthur LR, Teye E, Darkwa S. 
Microbial contamination in palm oil 
selected from markets in major cities of 
Ghana. Heliyon. 2022;e07681  

22. AOAC, Association of Officiating Analytical 
Chemists, Official method of Analysis, 18th 
Ed., Washington DC, Method. 2005;935.14 
and 992.24 

23. Ajiboye, AO, Owoseni, AA, Daramola, OO. 
Effects of Palm Oil on Microbial Load and 
Water Quality Parameters. International 



 
 
 
 

Bennett and Ebisintei; Eur. J. Nutr. Food. Saf., vol. 16, no. 9, pp. 319-338, 2024; Article no.EJNFS.122848 
 
 

 
337 

 

Journal of Lakes and Rivers. 2013;6(1):19-
27 

24. Raji RO, Inengite AK, Godwin J & Ajibesin 
KK. Assessment of proximate and 
physicochemical properties of crude palm 
oil from south-west and South-south, 
Nigeria. African Journal of Pure and 
Applied Chemistry. 2022;16(2):40-56 

25. K-Plus-S.com. Oil palm.  
Available:https://www.kpluss.com › ... › 
KALI Academy® › Crops accessed 
30/05/2024 

26. Serna J, Bergwitz C. Importance of Dietary 
Phosphorus for Bone Metabolism and 
Healthy Aging. Nutrients. 
2020;12(10):3001 

27. Bennett V, Tiewei DI. Proximate, 
Nutritional and Phytochemical Analysis of 
Treculia africana (African Breadfruit) 
Decne in South-South, Nigeria. World 
Journal of Innovative Research. 
2022;12(4):19-23  

28. CHEMPRI “Palmitic acid”  
Available:https://chempri.com › product › 
palmitic-acid accessed 21/August/2024 

29. Odia OJ, Ofori S, and Maduka O. Palm oil 
and the heart: A review. World Journal of 
Cardiology. 2015;7(3):144–149. 

30. Santamaria AB, Pisani LP, Baker EJ, 
Marat, AD, Valenzuela CA, Miles EA and 
Calder PC Anti-inflammatory effects of 
oleic acid and the anthocyanin keracyanin 
alone and in combination: effects on 
monocyte and macrophage responses and 
the NF-κB pathway. Food and Nutrition. 
2021;(17):7571-8210 

31.  Walker CM & Williams SBR. New 
experimental therapies for status 
epilepticus in preclinical development. 
Epilepsy & Behavior. 2015;49:290-29 

32. Cater BN and Denke AM. Behenic acid is a 
lubricant. It raises cholesterol level in 
humans. American Journal of Clinical 
Nutrition. 2001;1(73):41-44 

33. Huang Z, Lin Y & Fang J. Biological and 
Pharmacological Activities of Squalene 
and Related Compounds: Potential Uses in 
Cosmetic Dermatology. Molecules. 
2009;14(1):540–554 

34. Burdock AG & Carabin GL. Safety 
assessment of myristic acid as a food 
ingredient. Food and Chemical Toxicology. 
2007;45(4):517-529 

35. Shaaban MT, Ghaly MF, Fahmi SM. 
Antibacterial activities of hexadecanoic 
acid methyl ester and green-synthesized 
silver nanoparticles against multidrug-

resistant bacteria. Journal of Basic 
Microbiology. 2021;61(6):557-568 

36. Selleckchemicals. Methyl Oleate.  
Available:https://www.selleckchem.com › 
products › methyl-oleate accessed 
20/August/2024 

37. Nazir N, Zahoor M, Uddin F, Nisar M. 
Chemical composition, in vitro antioxidant, 
anticholinesterase, and antidiabetic 
potential of essential oil of Elaeagnus 
umbellata Thunb. BMC Complementary 
Medicine and Therapy. 2021;21:73 

38. Lozano A, Gorinstein S, Espitia-Rangel E, 
Ortiz GD, Martinez-Ayala AL. Plant 
Sources, Extraction Methods, and Uses of 
Squalene. International Journal of 
Agronomy. 2018; (5):1-13 

39. Interfat. “Methyl Oleate”. 
Available:https://www.interfat.com/methyl-
oleate-p-36-en Accessed 25/03/2024 

40. Tankov I, Mustafa Z, Nikolova R, Veli A, 
Yankova R. Biodiesel (methyl oleate) 
synthesis in the presence of pyridinium 
and aminotriazolium acidic ionic liquids: 
Kinetic, thermodynamic studies. Fuel. 
2022;307;121876 

41. Said MM & El-Sayed AH. The use of palm 
oil fatty acid methyl ester as a base fluid 
for a flat rheology high-performance drilling 
fluid. Journal of petroleum science and 
Engineering. 2018;166:969-983 

42. Naik CV, Westbrook CK, Herbinet, Pitz 
OWJ & Mehl M. Detailed chemical kinetic 
reaction mechanism for biodiesel 
components methyl stearate and methyl 
oleate. Proceedings of the Combustion 
Institute. 2011;33(11):383-389 

43. Venn-Watson S, Schork JN. 
Pentadecanoic Acid (C15:0), an Essential 
Fatty Acid, Shares Clinically Relevant Cell-
Based Activities with Leading Longevity-
Enhancing Compounds. Nutrients. 
2023;15(21):4607 

44. Vasudevan A, Vijayan D, Mandal P, Karthe 
P, Sadasivan C, Haridas M. Anti-
Inflammatory Property of n-Hexadecanoic 
Acid: Structural Evidence and Kinetic 
Assessment. Chemical Biology & Drug 
Design. 2012;80(3):434-9 

45. National Library of Medicine. “Methyl 
Stereate”  
Available:https://pubchem.ncbi.nim.nih.gov
›compound › Meth… Accessed 
21/August/2024 

46. Garba S & Garba I. Anti-Diarrhoeal 
Properties of Cis-9- Octadecenoic Acid 
Isolated From Landolphia Owariensis 



 
 
 
 

Bennett and Ebisintei; Eur. J. Nutr. Food. Saf., vol. 16, no. 9, pp. 319-338, 2024; Article no.EJNFS.122848 
 
 

 
338 

 

Plant. Organic & Medicinal Chemistry 
International Journal. 2017;3(4):555619 

47. TCI America “3-Methyl-2-buten-1-ol”  
Available:https://www.tcichemicals.com 
Accessed 09/05/2024  

48.  National Institutes of Health “2-Ethyl-2-
methyloxirane”  
Available:https://pubchem.ncbi.nlm.nih.gov 
›compound›2-Eth...Accessed 
3/September/2024 

49. Center for disease control “Facts about 
Benzene”.  
Available:https://emergency.cdc.gov›agent
›benzene›basics. Accessed 
21/Audust/2024 

50. New Jersey Department of Health and 
Senior Services “Trimethylamine borane”  
Available:https://nj.gov › health › eoh › 
rtkweb › documents Accessed 09/05/2024 

51. National Institutes of Health “3-Ethyl-2-
methylpentane” 
https://pubchem.ncbi.nlm.nih.gov › 
compound › 3-Eth... Accessed 
3/September/2024 

52. National Institutes of Health “2-
Methylheptane.  
Available:https://pubchem.ncbi.nlm.nih.gov 
›compound › 2-Met... Accessed 
3/September/2024 

53. Bennett V, Amos-Tautua B, Ayawei N. 
Phytochemicals and Selected Elemental 
Analysis of Dioscorea bulbifera Bulbils: An 
Uncommon Yam in Nigeria. Science 
Frontiers. 2024;(5)1:43-51 

54. International Training Centre of the ILO 
“Mesitylene”  
Available:https://training.itcilo.org › 
actrav_cdrom2 › osh accessed 
21/August/2024 

55. National Institutes of Health “Ethyl-2-
methyloxirane”  

Available:https://pubchem.ncbi.nlm.nih.gov 
›compound›2-Eth...Accessed 
3/september/2024 

56. nj.gov “2-METHYL TETRA- 
HYDROFURAN” https://nj.gov › health › 
eoh › rtkweb › documents Accessed 
3/September 2024 

57. Agency for toxic substances and disease 
registry, Toxicological Profile for n-Hexane 
Draft for Public Comment; 2024,  
Available:https://www.atsdr.cdc.gov › 
toxprofiles Accessed 3/Setember, 2024 

58. Agilent “Ethylcyclohexane”; 2019.  
Available:https://www.agilent.com › library › 
msds Accessed 3/September/2024 

59. Agency for Toxic Substances and Disease 
Registry “ATSDR Ethylbenzene Tox 
Profile”  
Available:https://www.atsdr.cdc.gov › 
ToxProfiles Accessed 3/September/2024 

60. Centers for Disease Control and 
Prevention “Xylenes | Medical 
Management Guidelines”  
Available:https://wwwn.cdc.gov › TSP › 
MMG › MMGDetails Accessed 
3/September 2024 

61. National Institutes of Health ” O-Xylene”  
Available:https://pubchem.ncbi.nlm.nih.gov 
› compound › O-Xyl... Accessed 
3/September/2024 

62. Swiercz R, Majcherek W, and                 
Wąsowicz W. Hemimellitene (1,2,3-
trimethylbenzene) in the Liver, Lung, 
Kidney, and Blood, and Dimethylbenzoic 
Acid Isomers In the Liver,                              
Lung, kidney and Urine of Rats After 
Single and Repeated Inhalation               
Exposure to Hemimellitene. International 
Journal of Occupational Medicine                   
and Environmental Health 2016;29(1):113–
128. 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

 

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/122848 

https://www.sdiarticle5.com/review-history/122848

