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Abstract 

Background: Oil palm, Elaeis guineensis Jacq is a perennial crop mainly cultivated for its 

vegetable oil. The fatty acid composition of CPO is mostly composed of palmitic the fatty acid 

composition of CPO is mostly composed of palmitic, stearic, oleic, and linoleicacids, stearic oleic, 

and linoleic acids. Objectives: This study evaluated the quality of locally produced crude palm oil 

(CPO) from six states of South-South zone, Nigeria. Methods: The parameters of CPOs were 

characterized by specific gravity (SG), acid value (AV), percentage of free fatty acid (%FFA), and 

saponification value (SV) and peroxide value (PV). Polycyclic aromatic hydrocarbons (PAHs) in 

CPO were quantified using standard procedures, the related risk due to daily consumption of 25 g 

was characterized by lifetime cancer risk (LCR) and margin of exposure (MOE). Results: The 

study observed that the mean values of the parameters were 0.931 SG; 5.01 mgKOH g-1 AV; 2.28% 

FFA; 177.27 mgKOH g-1 SV and 29.65 meqO2 kg-1 PV. Apart from %FFA, the others did not meet 

the requirements recommended by the Codex Alimentarius Commission of the joint WHO/FAO. 

Diagnostic ratios of PAHs suggested a mixture of petrogenic and pyrogenic origins. The MOEs 

showed low health concern while 16PAH-LCR values which ranged from 2.48E-04 - 4.48E-04 

were unacceptable. The screening value 0.003 was significantly (p> 0.05) lower than the computed 

total BaP equivalent (BaPeq) values indicating potential health concerns. It is recommended that 

CPO processing and storage methods should be properly monitored to prevent quality reduction 

and contamination, which might have adverse effect on consumers. 

Keywords: Crude Palm Oil, Physicochemical Properties, Polycyclic Aromatic Hydrocarbons, 

Margin of Exposure, Lifetime Cancer Risk  

 

1. INTRODUCTION 

Oil palm, Elaeis guineensis Jacq. thrives in the humid, tropical region where it originated and is 

perennial crop mainly cultivated for its vegetable oil [1]. There are two important species of palm 

trees (Genus: Elaeis), E. guineensis and E. oleifera. E. guineensis, mainly found in West Africa, 

is commercially cultivated and a high-yielding specie than the E. oleifera mainly in Americas [2, 

3]. The two types of oil that can be obtained from oil palms are crude palm oil (CPO), which is 

obtained from the fruit's fleshy mesocarp, and palm kernel oil (PKO), which is obtained from the 

fruit's endosperm or kernel [2]. Ripe fruits have 70–75% oil in the mesocarp, which makes up the 
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fruit's overall weight. Glycerides make up the majority of the CPO, with trace amounts of non-

glyceride components [4]. Free fatty acids (FFAs), moisture, contaminants, trace metals, and minor 

components are among the non-glyceride components; on the other hand, the fatty acid 

composition of CPO is mostly composed of palmitic (44%), stearic (4%) oleic (40.6%), and 

linoleic (9.8%) acids [5]. For the culinary and chemical industries, it is therefore a great source of 

fatty acids, minerals, and vitamins [6]. Numerous foods, as well as home, industrial, and health 

items, contain both vegetable oils derived from oil palm. Over half of all vegetable fats and oils 

consumed are made from palm oil, a traditional food item that is widely consumed worldwide [7]. 

It is one of the main types of fats and oils produced in Nigeria, a staple in the majority of regional 

meals eaten by Nigerians, and a valuable component of the diets of many people [8, 9]. Reddish 

and rich in nutrients, CPO has been shown to treat a number of illnesses, including cancer and 

heart conditions [10, 11]. It has been reported that Malaysia, Indonesia and Nigeria are the top 

three countries in the world for CPO production, having produced more than 85% of the global 

supply [12].  

Because of its lipophilic nature, CPO, like other vegetable oils and foods, can be readily 

contaminated by organic compounds like polycyclic aromatic hydrocarbons (PAHs). Because of 

its well-known carcinogenic, teratogenic, and mutagenic properties [13, 14], the presence of PAHs 

in vegetable oils and foods is a serious health concern. This issue has been thoroughly researched 

[14, 15, 16]. Vegetable oils contamination by PAHs may be due to environmental pollution, 

unhealthy farming methods, or oil processing [17].  

Generally, PAHs are released into the environment from natural and man-made sources which 

could either be of pyrogenic, petrogenic, biogenic or diagenetic origin [14, 18]. Petroleum seeps 

and unintentional spills, and terrestrial runoff are the main ways that petroleum products—both 

refined and crude—emit petrogenic PAHs. High temperature burning and/or pyrolysis of organic 

matter, biomass and fossil fuels including coal are characteristics of PAH of pyrogenic (or 

pyrolytic) origin [14, 18]. Biogenic PAHs are released from biological generation and degradation 

processes while PAHs of diagenetic origin are from chemical or biological transformation of 

natural organic matter. 

PAHs have been demonstrated to have negative effects on humans, including the formation of 

DNA adducts by their metabolites, which can cause structural changes and subsequent mutations 

[19]. According to reports, exposure to PAHs can lead to adverse effects on the respiratory and 

cardiovascular systems, increase the risk of aberrant neurobehavioral development in children, and 

induce asthma in children [20. 21]. Limits for PAHs in different foods have been established by 

numerous regulatory organizations worldwide due to the negative effects of exposure to PAHs. 

The scientific opinion on PAHs in food published by the European Commission's EFSA concluded 

that benzo[a]pyrene was not a suitable indicator for the presence of PAHs in food. Instead, the 

total amount of four PAHs—benzo[a]anthracene (BaA), chrysene (Chr), benzo(a)pyrene (BaP), 

and benzo(b)fluoranthene (BbF)—is a more appropriate indicator for the presence of PAHs in food 

as they are classified as mutagenic, genotoxic and carcinogenic [22]. The German Society for Fat 

Science recommended 0.025 mg kg-1 for total PAHs [23, 24] and the European Commission has 

recommended maximum permissible levels (EU limits) of PAHs in vegetable oils and fats of 0.002 
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mg kg-1 for BaP and 0.01 mg kg-1 for PAH4 (sum of BaA, Chr, BaP, and BbF) [25]. Because of 

these negative consequences and the growing amount of PAHs in the environment, monitoring 

PAHs is a key priority in all programs that assess ecological and public health risks. 

In order to assess and evaluate the quality of edible palm oil, the following physicochemical 

characteristics are helpful: specific gravity, acid value, acid value, percentage of free fatty acid 

(%FFA), saponification value, ester value, and peroxide value [26, 27]. The goals of this study 

were to: (i) assess the quality of CPO samples collected from South-South zone, Nigeria Elaeis 

guineensis growing areas and compare them to national and international standards; (ii) measure 

the levels of PAHs in the samples from South-South Nigeria following traditional processing 

methods; and (iii) estimate the risk to consumers associated with dietary exposure to PAHs on 

consumption of the products under examination using the margin of exposure (MOE) approach 

and lifetime cancer risk (LCR).  

2. MATERIALS AND METHODS 

2.1 Area of Study 

There are six geopolitical zones in Nigeria of which South-South is one of them and comprises of 

six states, namely: Akwa, Ibom, Bayelsa, Cross, River, Delta, Edo, and Rivers. The map of study 

area showing sampling sites, is shown in Figure 1[28].  

 

Figure 1: Map of study area [28] 

2.2 Sample collection 
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The palm oil samples were collected in clean sterilized and oven dried amber glass bottles from 

local producers directly from their oil mills during extraction. Total of thirty-six samples were 

collected, six samples from each state (code named AKS, BYS, CRS, DES, EDS, and RVS), from 

the six states of South-South Nigeria (Table1). The oil samples were packed in plastic bags and 

stored in darkness under room temperature in the laboratory. 

Table 1: Coordinates of states in Study area 

State Town (Local Government Area) Latitude Longitude 

Akwa Ibom (AKS) Afaha Obong (Abak)  5.0420 7.7227 

Ukana Ikot (Obot Akara) 5.1327 7.7166 

Bayelsa (BYS) Elebele (Ogbia)  4.7740 6.3268 

Aghoro (Ekeremor) 4.8559 6.3421 

Cross-Rivers (CRS) Adiabo Efut (Odukpani) 5.185 8.1330 

Ikot Edem Odo (Akpabuyo) 4.9008 8.4811 

Delta (DES) Owa Agbor (Ika North East) 6.2086 6.2230 

Kokori (Ethiope East) 5.6879 5.9841 

Edo (EDS) Iruekpen (Esan West) 6.6546 5.1396 

Uzalla (Owan East) 6.6546 5.1396 

Rivers (RVS) Omuku (Ogba/Egbema/Ndoni) 5.4512 6.6409 

Elele Alimini (Emuoha) 5.0599 6.7300 

 

2.3 Chemicals and reagents 

All chemicals and reagents used in this study were of analytical grade. The surrogate standard, 

mixture containing naphthalene-d8, acenaphthene-d10, phenanthrene-d10, chrysene-d12, and 

perylene-d12 (Sigma-Aldrich), was added to the samples before extraction and used as internal 

standards for quantification. Working solutions of 16PAHs were prepared in acetonitrile (100 

ng/mL). All working standard solutions were freshly prepared weekly and stored at -4 °C in the 

dark in order to maintain the integrity of the PAH compounds. Distilled water was used throughout 

the work for preparation and dilution of standard solutions 

2.4 Sample extraction and clean-up  

The extraction procedure as described [29] was adopted in this study. An aliquot (1 g) of the sample 

was dissolved in 12 ml of n-hexane-DMF 1:2 (v/v), agitated for 20 s, ultrasonicated for 10 min, 

and followed by centrifugation for 5 min at 4000 rpm. The lower DMF phase was then transferred 

into a 100 ml separatory funnel. The extraction process was carried out with a fresh portion of 8 

ml of N,N-DMF. The N,N-DMF extracts were combined and washed with 50 ml of a 4% saline 

solution, and 8 ml of n-hexane was used to back-extract the washed extract three times, each time 

with a fresh portion of n-hexane. The combined hexane extracts were washed twice with 50 mL 

of 4% saline solution, and then heated to 70 oC. A gentle stream of nitrogen gas was used to 

evaporate the n-hexane extract to approximately 1 ml.  A column packed with 2 g of aluminium 



 

5 
 

oxide (5% deactivated, upper part) and 2 g of silica gel (5% deactivated, lower part) was used for 

the clean-up of the concentrated extract. The PAHs were eluted with 5 ml of n-

hexane/dichloromethane (1:2 v/v) and the eluted fraction was subsequently evaporated to 1 mL 

with a gentle flow of pure nitrogen. The samples were stored at -4 oC until the analyses were 

completed.  

2.5 GC–MS analysis of PAHs 

The analyses of the extracted samples were performed using a GC apparatus (Agilent Technology 

7890A, USA) with a mass spectrometer (Agilent Technology 5975C, USA) coupled with a DB-5 

ms Column (30 m length × 0.25 mm inner diameter × 0.25 μm film thickness, Agilent Technology, 

USA). The oven initially prepared at 80 °C for 1 min was heated to 245 °C at a rate of 4 °C min−1. 

And then, the temperature of oven was ramped up to 270 °C at a rate of 30 °C min−1 and finally 

held for 10 min. The carrier gas (helium) flow was set at 1.5 ml min−1 and the injector temperature 

and injection volume were set at 320 °C and 1 μl, respectively. The analyte was injected to GC–

MS with a splitless mode. Temperature of MS source was 250 °C and spectrometry of MS was 

obtained by using selective ion monitoring (SIM) modes with the electron ionization (EI) at 70 eV 

[30]. 

2.6 Analytical determinations  

The physicochemical parameters examined and quantified include specific gravity, acid value and 

free fatty acids, saponification value, and peroxide value. The specific gravity was determined 

using a pycrometer gravimetric method [31]. Acid value and free fatty acids were determined by 

adopting an existing method [32]. Saponification values were determined by the titrimetric method 

[33], while the peroxide value was determined based on the iodometric method [34]. Ester value 

is determined as the difference between saponification and acid value.  

2.7 Digestion Methods for 16 Polycyclic aromatic hydrocarbons and Sample Analysis 

A validated HPLC-FLD method was used for the determination of PAHs in vegetable oils [21]. 

The CPO samples (2 g) were put into 15 mL polypropylene centrifuge tubes, and then 10 mL of 

ethylene acetate:cyclohexane (1:1, v/v) was added. The samples were vortexed for 1 min and 

sonicated for 15 min. After centrifugation (4500 r/min for 3 min), the supernatant was collected 

and purified. The upper phase was placed into a 5 mL vial and the sample was injected in the gel 

permeation chromatography (GPC) system with a purification column (200 mm × 25 mm, styrene 

divinylbenzene copolymer gel, Bio-Beads S-X3). Ethylene acetate: cyclohexane (1:1, v/v) was 

used as the mobile phase at a column flow rate of 5 mL/min. The eluate containing the target PAH 

was collected from 19 to 50 min, evaporated, and concentrated into a small volume using a vacuum 

rotary evaporator. After that, it was transferred and dried to near dryness using a pressure blowing 

concentrator and re-dissolved in 0.5 mL of acetonitrile. Finally, the extract was transferred into an 

auto-sampler vial for determination by HPLC-FLD. 

2.8 Laboratory Quality Control (QC) 

All glassware and apparatus to be used through the entire analysis were first washed with tap water 

and detergent in order to keep the analyte from contamination. Then, they were soaked with 
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deionized water and followed by rinsing with 0.5 N HNO3, and rinsed again with distilled water 

and a corresponding analyte solution to be analysed based on its necessity. 

2.9 Sources of PAHs in crude palm oils  

Source identification (or apportionment) of PAHs in the environment has been well studied over 

the last four decades and various techniques have been proposed as ideal tools. Molecular 

diagnostic ratios (MDRs), relationships between the concentrations of PAH congeners, are the 

most common methodology, often preferred due to its simplicity [14, 18]. The MDR values are 

used to distinguish between pyrogenic and petrogenic sources of PAHs, or PAHs derived from 

fuel or coal/grass/wood combustion, PAHs that come from traffic, fresh PAHs emissions, etc. In 

this study, of the 16PAHs assayed in the CPO samples, only nine (Nap, Acy, Ace, Flu, Phe, Ant, 

Flt, Pyr, and Chr) were detected and among the combustible PAHs (Flt, Pyr, BaA, Chr, BkF, BbF, 

IdP), Flt, Pyr, and Chr only were detected, (∑CombPAHs (= Flt + Pyr + Chr) [35, 36]. Regarding 

their aromatic ring numbers, the 9 PAHs of this study can be classified into two classes: low 

molecular weight (LMW-PAHs), composed of 2-ring and 3-ring PAHs (Nap, Acy, Ace, Flu, Phe 

and Ant), and high molecular weight (HMW-PAHs) composed of 4-ring PAHs (Flt, Pyr, and Chr) 

[37]. 

In this study, the following five MDRs were applied: Phe/Ant, Ant/(Ant+Phe), Flt/(Flt+Pyr), low 

molecular weight PAHs (LMW-PAHs)/high molecular weight PAHs (HMW-PAHs) and 

combustible PAHs (∑CombPAHs)/total PAHs (∑PAHs) [36, 38]. The LMW-PAHs detected are 

composed of 2-ring and 3-ring PAHs (Nap, Acy, Ace, Flu, Phe, and Ant) and the HMW-PAHs are 

composed of 4-ring, 5-ring and 6-ring PAHs (Flt, Pyr, and Chr). The results are interpreted as 

follows: Ant/Phe ratio  > 0.1 pyrogenic; < 0.1 petrogenic, Ant/(Ant+Phe) ratio >0.1 pyrogenic -

biomass combustion and <0.1: petrogenic; Flt/(Flt+Pyr) <0.4: petrogenic, 0.4 - 0.5: pyrogenic -

petroleum combustion (e.g. combustion engines, and furances), and >0.5: pyrogenic - biomass 

combustion (e.g. grass, wood, or coal combustion), LPAHs/HPAHs (<1: pyrogenic and >1: 

petrogenic) and ∑CombPAH/∑PAH < 0.3: petrogenic, 0.3-0-7: mixed sources, > 0.7: pyrogenic 

[14, 38, 39].  

2.10 Exposure Assessment 

The BaP was used as the representative PAH for the toxicity equivalent factors (TEFs) to express 

the relative carcinogenic risk of PAHs. The BaP equivalent concentration (BEC) was computed 

for individual PAH congeners by multiplying its concentration with its corresponding toxic 

equivalent factor (TEF) and the sum of the BECs is the total BaP equivalent (BaPeq). The BaPeq 

was estimated for ∑PAHs and ∑PAH4 (BaA, Chr, BaP, and BbF).  The BEC and BaPeq for the 

PAHs in the CPO samples were calculated according to Eqns. (1) and (2) [40]: 

               BECi = Ci × TEFi               (1) 

               BaPeq = ∑BECi               (2) 

where Ci is the concentration of ith PAH congener detected in the sample (mg kg−1), TEFi is 

corresponding TEF of congener i and BECi is the BaP equivalent concentration of ith congener in 

CPO. The TEF values used in this study were associated with the cancer evidence from individual 
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PAHs. The TEFs of the nine detected PAHs are 0.001 for Nap, Ace, Flu, Phe, Flt, Pyr, and 0.01 

for Ant and Chr [16]. The sum of all detected 9PAHs (BaPeq PAHs) was used to assess the lifetime 

cancer risk while BaPeq PAH4 was used to evaluate MOE. 

The chronic daily intake (CDI) of PAH exposure levels for BaP, PAH4, and ƩPAHs were 

calculated using the BaPeq according to Eqn. (3) [16]:  

CDI (mg kg-1 bw d-1) = ∑ 
BaPeq x IR x EF x ED (3) 

BW x AT 

where: BaPeq = Concentration of total PAH or PAH4 (mg BaPeq kg-1) for each CPO sample; 

IR (kg day-1) is the average daily intake of CPO, 25 g based on 9.125 kg per capita consumption 

rate [41]; EF is the exposure frequency in days (350 days year-1); ED is the exposure duration 

(year), exposure estimations were performed in two age groups: children (1-15 years old, ED = 

14) and adults (>16 years old, ED = 39.7); BW is the average body weight, for Nigerians: 21.1 kg 

for children and 63 kg for adults [42]; and AT is the average exposure time (equal to lifespan for 

carcinogens); an average life expectancy of 54.7 years for a Nigerian [43]. Four PAHs (PAH4) are 

defined as the sum of BaP, Chr, BaA, and BbF. 

2.11 Risk Characterization 

The risk characterization combines data from hazard and exposure assessments. The parameters 

that were utilized to quantitatively evaluate the risk associated with consuming CPO samples 

contaminated with PAHs were margin of exposure (MOE), lifetime cancer risk (LCR), and 

screening value (ScV).  

2.12 Margin of Exposure 

The MOE is a useful and acceptable tool for health risk characterization for a given population 

exposed to genotoxic and carcinogenic substances such as BaP and PAH4 (sum of BaA, Chr, BaP 

and BbF) and is recommended by the Joint FAO/WHO Expert Committee on Food Additives 

(JECFA) and the European Food Safety Agency (EFSA) [44, 45, 46]. It is the ratio between the 

benchmark dose lower confidence limit (BMDL10) determined in experimental animals. The MOE 

is computed by Eqn. (4) [22]: 

MOE = 
BMDL10                                                      (4) 

CDI 

where MOE = Margin of Exposure, BMDL10 = Benchmark dose lower confidence limit (mg kg-

bw-1 day-1) and CDI = chronic daily intakes (mg kg-bw-1 day-1) due to BaPeq PAH4.  

The BMDL10 value was set by the dose-response analysis for tumour type. BMDL10 for BaP and 

the sum of 4 PAHs ranged from 0.07 to 0.20 mg kg-bw-1 day-1 and from 0.34 to 0.93 mg kg-bw-1 

day-1 based on total tumour-bearing animals, respectively [22]. The EFSA CONTAM Panel in 

2008 chose the lowest values of 0.07 and 0.34 mg kg-bw-1 day-1 for BaP and PAH4, respectively. 

In this study, BaP was not detected in any of the CPO samples, so the CDI used in the calculation 

of MOE is the one computed taking into account BaPeq due to PAH4 only. The MOE values 

<104 are interpreted as possible concern to human health, 104-105 as low concern to human 
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health, >105 as negligible concern as long as actions are taken to minimize further exposure, 

while >106 values are translated as negligible concern [47].  

2.13 Cancer Risk   

This is the lifetime likelihood that an individual will get cancer due to exposure to a certain 

pollutant or combination of contaminants in the environment. According to USEPA [48], cancer 

risk (CR) is computed by Eqn. (5): 

CR = CDIPAHs x CSF          (5) 

where CDIPAHs is the total CDI due to BaPeq PAHs of 9 PAHs computed by Eq. (3) and CSF is the 

cancer slope factor of BaP (geometric mean, 7.3 mg-1 kg-bw day [48].  

If CR < 1 x 10-6 (<1 chance in a million population of the risk of developing cancer), then the level 

of risk is considered acceptable and without negative consequences; values in the interval 1 x 10-

6 – 1 x 10-4 (1-100 chances in a million population of the risk of developing cancer) denote the 

potential risk but acceptable, and values greater than 1 x 10-4 (>1 chance in 10,000 population of 

the risk of developing cancer) correspond to serious risk and unacceptable [14] 

2.14 Screening value 

In order to determine the carcinogenic effects that consuming the sampled CPO would pose to 

people, screening value (ScV) was analysed. It is described as the edible oil's chemical threshold 

concentration at which there may be a public health risk.  The ScV for carcinogenic effect was 

computed using Eqn. (6) [16]: 

ScV (mg kg-1) =  
RL 

* 
BW 

                                                        (6) CSF IR 

where RL = maximum acceptable risk level (dimensionless) and was set to 1 x 10-1 [49], CSF = 

oral slope factor (mg-1 kg day), BW = body weight (kg), IR = intake rate (kg day-1).   

2.5 Statistical analysis  

Each parameter was determined in triplicate for each sample, and the average values for each state 

were expressed as mean ± SD. Kruskall-Wallis ANOVAS were used for multiple comparisons. 

The Beauvais-Pearson test was used to assess the degree of linear dependence amongst the various 

parameters assessed. 

3. RESULTS AND DISCUSSION 

3.1 Physicochemical Properties 

The selected physicochemical properties of CPO samples such as specific gravity, acid value, free 

fatty acids, saponification value, and peroxide value of CPO samples analysed are presented in 

Table 2, reported in terms of mean plus standard deviation (n=3). 

The mean SG value determined in this study (0.931) is higher than the permissible limits of Codex 

and NAFDAC/SON. Higher value of SG indicates the solid content (impurities) in the CPO 

samples [31].  
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Acid value (AV) is an important indicator of CPO quality. Av is the number of milligrams of KOH 

required to neutralize the free fatty acids present in one gram of CPO sample. Low AVs of oil 

indicate the resistance to rancidity and reveal the resistance of oil to gum formation and corrosion 

and CPO can be stored for a longer time. Free fatty acid (%FFA) content is a conventional 

expression of the percentage of mass fraction of total oil. It is expressed as the percentage by 

weight (wt%) of palmitic acid in oil. It is, therefore, one of the most important oil quality 

parameters and a good indicator of impairment of oil quality or the level of deterioration caused 

by hydrolytic rancidity or enzymes and edibility of the oil [50]. The fatty acids obtained ranged 

from 1.10 - 3.54 (wt% palmitic acid), were below the 5% standard requirement [51, 52, 53], and 

and therefore, are edible. These values are indicative of the freshness of the palm oil samples. The 

results were comparable with the previous work of Madubuike [27]. High FFAs content in CPO 

is an unfavourable condition as it results in rancidity which adversely affects the quality and may 

pose health risks including cancer and inflammation because of the formation of toxic and reactive 

oxidation products [54]. High FFAs need to be reduced to below 5% palmitic acid for edible oils 

usage. 

The saponification value (SV) is employed as a quality control index. Sv represents the amount of 

potassium hydroxide (KOH) (in mg) required to saponify one gram of oil under the conditions 

specified. It is an indication of the average molecular weight (or chain length) of triglycerides 

(fatty acid) of oil. In other words, SVs provide useful information as to the quantity, type of 

glycerides, and the average molecular weight of all fatty acids which are present in a given oil 

sample [55]. High saponification value indicates high proportion of low fatty acids since SV is 

inversely proportional to the average molecular weight or chain length of triglycerides [56]. The 

result (Table 2) shows that the mean SVs of oil from the producing states (expect CRS) are below 

the minimum of 195 mg KOH g-1 oil of NAFDAC [51] and SON [52] and 190 mg KOH g-1 oil of 

Codex Alimentarius [53] thus did not meet the standard. The mean SV (207.32 mg KOH g-1) of 

CPO samples from CRS was significantly (p˂0.05) higher than that of CPOs from all the other 

producing states in the following trend: DES > BYS > AKS > EDS > RVS (Table 2). The low 

saponification values recorded in comparison with the NAFDAC [51] and SON [52] and Codex 

Alimentarius [53] might be due to high level of impurities as indicated [57]. The combined mean 

SV of samples CPO (177.28 mg KOH g-1) was found to be lower than a previous study [31]. Their 

low SVs, except samples from CRS (207.32 mg KOH g-1), are indication that the CPOs do not 

have potential to be used as raw materials for soap and other cosmetic industry. 

Ester value (EV) is the number of milligrams of potassium hydroxide (KOH) required to hydrolyze 

the esters present in one gram of oil sample. It is the difference between saponification value and 

acid value. Higher EV indicates the presence of high amount of esters and low molecular weight 

fatty acid content. 

Peroxide value (PV) is a measure of oxygen chemically bound to an oil or fat as peroxides, 

particularly hydroperoxides, and expressed as milliequivalent of peroxide per kilogram (meqO2 

Kg-1). The PV of oil is a useful index to assess the extent to which rancidity is produced due to 

autoxidation reactions occurred during storage of the oil, i.e., deterioration or spoilage (undesirable 
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odours and flavours). It is used as an indication of the quality, stability, and age of edible fat and 

oil [50, 58]. 

High peroxide values could result from a high degree of unsaturation and found to increase with 

the storage time, temperature, light, and contact with atmospheric oxygen [54, 59]. The lower 

peroxide numbers, the better and/or fresher the oil. In general, the peroxide value increased with 

storage time. The PV values for all CPO samples ranged from 9.74 - 17.41 meq/kg (Table 2). The 

mean values of PV of CPO samples from EDS and RVS were within the range of Codex 

Alimentarius and NAFDAC/SON, the rest were higher and showed relatively susceptibility to 

oxidative rancidity.  

The peroxide value of CPOs from this work was higher than that of Ndife et al. [60] and Raji et 

al. [61]. High peroxide values result in more oxidative products and free radicals which could have 

health implications which include cancer, heart attack, ageing, oxidative stress, and even death 

[25, 62]. 

3.2 Polycyclic Aromatic Hydrocarbon Concentration 

Thirty-six samples of locally produced crude palm oil were collected from six states of the South-

South zone, Nigeria, quantified for exposure assessment of the 16 USEPA priority PAHs. Table 3 

and Figure 2 provide a statistical summary of the mean concentrations, total PAHs of detected 

PAHs, and distribution pattern of the PAH congeners including PAH4 in the CPO samples. Among 

the 16 priority PAHs analysed, only nine PAHs (Nap, Acy, Ace, Flu, Phe, Ant, Flt, Pyr and Chr) 

were detected in most of the sample (Table 3). The remaining PAHs (BaA, BbF, BkF, BaP, DAh, 

BgP, IdP) - all 5-ring and 6-ring PAHs- were not detected in all the CPO samples. Among the nine 

detected PAH congeners, not more than eight congeners were detected in any one sample; CPO 

samples from AKS contain the highest number (8) while those from DES contain the least (4), in 

decreasing order of AKS (8) >CRS (7) > BYS (6) = EDS = RVS > DES (4). 

It was observed that the mean concentrations of PAH congeners and the mean of total 

concentrations of PAHs (∑PAH) in this study varied significantly depending on sampling state.  

The mean concentrations of the PAH congeners ranged from 1.6 mg kg-1 (Phe) to 6.90 mg kg-1 

(Acy) while mean ∑PAH ranged from 12.9 to 38.93 mg kg-1 with a mean value of 27.52 mg kg-1. 
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                          Table 2: Physicochemical properties of crude palm oil from South-South zone, Nigeria and Regulatory limits  

Sample States   SG SV AV FFA EV PV 

AKS 
Mean±SD 0.939±.004 167.69±.52 5.72±0.49 2.87±0.25 161.97±.99 16.32±1.25 

Range 0.926-0.933 167.32-168.05 5.37-6.06 2.70-3.05 161.27-162.67 15.44-17.2 

BYS 
Mean±SD 0.936±.004 186.77±12.75 3.77±1.22 1.89±0.62 182.98±11.52 16.42±.84 

Range 0.932-0.94 177.75-195.78 2.91-4.64 1.46-2.33 174.84-191.13 15.82-16.42 

CRS 
Mean±SD 0.932±.002 207.32±.92.89 5.69±2.93 2.87±1.48 191.62±75.82 17.11±1.97 

Range 0.930-0.933 273-141.64 3.62-7.77 1.82-3.908 138.01-245.23 16.04-18.48 

DES 
Mean±SD 0.932±0.002 189.09±7.98 5.06±3.14 2.55±1.58 210.7±48.83 17.41±1.94 

Range 0.93-0.933 183.45-194.09 2.84-7.28 1.43-3.66 176.17-245.23 16.64-18.78 

EDS 
Mean±SD 0.922±0.002 164.55±28.47 4.54±2.99 2.28±1.51 160.01±31.47 16.26±1.97 

Range 0.920-0.923 144.42-184.68 2.42-6.66 1.22-3.35 137.76-182.26 14.29-18.23 

RVS 
Mean±SD 0.935±0.005 148.19±4.96 5.25±0.51 2.64±0.26 142.94±4.455 12.09±3.33 

Range 0.93-0.94 144.69-151.7 4.89-5.61 2.46-2.82 139.79-146.09 9.74-14.45 

Codex Alimentarius (2019) 0.896-0.910 189-199 10% 5% 189.4-208.4  < 15 

NAFDAC (2019) 0.898-0.907 195-205 10% 5% - - 

SON (2000) 0.897-0.907 195-205 3.5 3–5% - 10 

 SG = Specific gravity, SV= Saponification Value (mg KOH/g), AV = Acid value mg KOH/g, FFA = Free fatty acid (wt% palmitic acid), EV= Ester 

Value (mg KOH/g), PV= Peroxide value (meqO2/Kg) 
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Figure 2: The total PAHs and distribution pattern in the CPO samples from producing states of 

South-South zone, Nigeria 

The mean ∑PAHs values were 516-1557 times greater than the limit of 0.025 mg kg-1 prescribed 

by the German Society for Fat Science for total PAHs [23, 24]. The levels of PAHs in the CPO 

samples were higher than levels reported by Eze et al. [63]. Such a high PAH content suggests that 

producers using local methods will make greater efforts to improve processing practices to reduce 

the possibility of PAH contamination in palm oil. 

The 3-ring PAHs contributions of the ∑PAHs investigated in this study were in the following 

decreasing trend: 86% (in BYS) > 79% (in RVS) > 71.53% (in CRS) > 66% (in DES) > 57% (in 

AKS) > 55% (in EDS). The 4-ring PAHs contributions of the ∑PAHs were in the following 

increasing order: 7% (in BYS) < 8% (in RVS) < 21% (in DES) < 24% (in CRS) < 28% (in EDS) 

< 32% (in AKS). The 3-ring PAHs were the most abundant PAHs in the samples and its mean 

concentration varied from 8.49 to 21.17 mg kg-1, which constitutes approximately 55% (EDS) - 

86% (in BYS) of the ∑PAHs. The 2-ring PAH (i.e. Nap) was maximum in EDS (17% of ∑PAHs). 

The compositional patterns of the PAHs in the oil samples followed the decreasing order: 3-ring 

> 4-ring > 2-ring. 

The samples have 33.33% of PAH4 and this constituted 7.7% of sample ∑PAHs. The mean PAH4 

(BaA, Chr, BaP, and BbF) concentration values, mainly Chr, of the samples were many orders of 

magnitude (155-579 times) higher than the EU maximum permissible limit of 0.01 mg kg-1 [25]. 

The LMW-PAHs (2- and 3-ring) accounted for about 93% of ∑PAHs in BYS, ~ 92% in RVS, ~ 

79% in DES, ~ 76% in CRS, 71% in EDS and 68% in AKS while the HMW-PAHs (4-ring) ~ 32% 

in AKS, ~ 29% in EDS, ~ 24% in CRS, ~ 21% in DES, ~ 8% in RVS.  The percentage of the 

LMW-PAHs ranged from 68- 93% with a mean of ~ 80%. Polycyclic aromatic hydrocarbons of 

petrogenic origin tend to be of lower molecular weight (2-3 rings) [64]. 
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3.3 Sources of PAHs in the crude palm oil 

An analysis of the identification of possible sources of PAHs in food products is essential for risk 

evaluation and developing strategies for minimizing the concentrations of these compounds in 

food materials. In this study, the computed values for different PAH molecular diagnostic ratios 

to detect the potential sources of PAHs in these CPOs are shown in Table 4. The Ant/Phe values 

in these CPOs ranged from 0.193 - 2.991, suggesting that the PAHs are of pyrogenic sources may 

be the most impactful in the CPO samples examined. The values of the Ant/(Ant + Phe) obtained 

ranged from 0.161 - 1.00, indicating PAHs of biomass combustion origin.  The Flt/(Flt + Pyr) 

values in these oil samples ranged from 0.493 -1.00, suggesting a possible mixture of petrogenic 

and biomass combustion origins. The LMWPAHs/HMWPAHs values in the samples of CPO 

ranged from 0.739 – 3.547 suggesting that contributors to the PAH load were from petrogenic 

sources. The ratio of ∑CombPAHs/∑PAHs varied from 0.074 to 0.317 which are indicative of 

pyrogenic origin. Thus, the PAHs in the CPO samples from the study area can be attributed to a 

combination of mainly pyrogenic (fuel and biomass combustion) origin of PAHs with a small 

association from petrogenic origin. These PAH sources resulting from anthropogenic activities of 

petrogenic and pyrogenic origin include illegal artisanal petroleum refining/bunkering activities, 

gas flaring, indiscriminate burning of petroleum products, and unwholesome farming practices, 

accidental and intentional (vandalisation) spills of petroleum, improper disposal of used engine 

oils, and discharges from generator houses.   

3.4 Exposure assessment 

As already mentioned, it is customary to ascertain the total carcinogenicity of all PAHs found in 

palm oil in terms of the BaPeq and to assess exposure in the form of chronic daily intake (CDI). 

These parameters were computed in two ways: using strictly PAH4 contributors (BaPeqPAH4 and 

CDIPAH4), as well as using the detected 9PAH contributors (BaPeqPAHs and CDIPAHs) and presented 

in Table 5.  

3.5 Risk characterization  

There is no benchmark dose of lower confidence limit (BMDL10) health-based guidance available 

in the literature that encompasses all 16 PAHs. Therefore, from the dietary exposures (CDIPAH4 

and CDIPAHs) the risks due to dietary exposure to PAH4 and PAH16 were characterized by 

calculating the MOE and LCR, respectively. The results obtained are presented in Table 5. 

In this study, the MOEs attributed to oil ingestion varied between 1.06 x 104 - 3.97 x 104 in adults 

and 1.01 x 104 - 3.77 x 104 in children. The MOEs for PAH4 are greater than 1 x 104, indicating 

low health concern. The CR values obtained from the consumption of the CPO samples ranged 

between 2.48 x 10-4 - 4.43 x 10-4 and 2.36 x 10-4 - 4.21 x 10-4 for children and adults, respectively 

(Table 5). These CR values were above the unacceptable value of 1 x 10-4 (one case in 10,000 

population with the risk of developing cancer or cancer-related illnesses) [14].   

https://www.sciencedirect.com/science/article/pii/S0956713520305028#tbl5
https://www.sciencedirect.com/science/article/pii/S0956713520305028#tbl5
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Table 3: Mean concentration (mg kg-1) (n=3) of priority PAHs of CPO samples             

 Rings 
AKS BYS CRS DES EDS RVS 

Range Mean±SD Range Mean±SD Range Mean±SD Range Mean±SD Range Mean±SD Range Mean±SD 

Nap 2 ND-8.79 4.40±6.22 ND-2.83 1.42±2.00 ND-2.46 1.23±1.74 ND-3.34 1.67±2.36 ND-12.09 6.05±8.55 2.84-3.38 3.11±0.38 

Acy 3 ND-19.36 9.68±13.69 ND-14.81 7.41±10.47 1.26-20.13 8.04±9.58 ND-7.61 3.81±5.38 ND-7.5 3.755±5.31 7.72-9.75 8.73±1.43 

Ace 3 ND-3.92 1.96±2.77 5.65-9.01 7.33±2.38 3.53-9.1 6.32±3.94 ND ND ND ND ND-7.11 3.56±5.03 

Flu 3 ND ND ND ND ND ND ND ND ND-17.18 8.59±12.15 ND-2.09 1.05±1.48 

Phe 3 ND-17.66 8.83±12.49 ND-2.15 1.08±1.52 ND-9.79 4.89±6.92 ND ND ND-8.76 4.38±6.194 ND ND 

Ant 3 ND-3.4 1.7±2.40 ND-6.46 3.23±4.57 ND-5.01 2.51±3.54 3.48-5.88 4.68±1.70 ND-6.05 3.03±4.28 3.61-8.66 6.18±3.64 

Flt 4 ND-6.47 3.24±4.58 ND-1.51 0.08±1.07 ND ND ND ND 3.91-16.74 10.33±9.07 ND ND 

Pyr 4 ND-6.65 3.33±4.70 ND ND 3.91-5.81 4.86±1.34 ND ND ND ND 2.85-3.17 2.01±0.23 

Chr 4 ND-11.58 5.79±8.19 ND-3.1 1.55±2.19 ND-5.15 2.57±3.64 ND-5.47 2.74±3.87 ND ND ND ND 

∑PAHs 
 ND-66.15 - ND-45.52 - ND-66.15 - ND-25.78 - ND-72.23 - ND-51.18 - 

∑PAH4   ND-11.58 - ND-3.1 - ND-5.15 - ND-5.47 - - - - - 

ND – Not detected 

 

The results of the cancer risk evaluation indicated that there are 248 - 443 chances in a million population of developing cancer. 

Therefore, adverse health effects due to PAHs may arise from the lifetime consumption of CPO samples from South-South Nigeria. The 

CPO samples from BYS and AKS had the highest and lowest MOEs, respectively, associated with their consumption. Conversely, the 

highest and lowest associated CR on consumption of CPO samples were from AKS and BYS. This is in line with the observation of 

Yousefi et al. [65]. 

Screening value (ScV) was assessed in this study to determine the health effects on consumers of PAH-contaminated CPO. The 

computed BaPeq PAHs values ranged from 0.117 to 0.209 mg kg-1 and significantly (p < 0.05) higher than the ScV 0.003 mg kg-1 for CPO 

(Table 4). This may suggest a potential adverse health effects for consumers of CPO locally produced in South-South zone, Nigeria.  
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Table 4: Molecular diagnostic ratios for PAHs in study area 

Sampled 

State 
Ant/Phe  Ant/(Ant+Phe)  Flt/(Flt+Pyr)  LMW/HMW Comb PAH/PAH 

AKS 0.193 0.161 0.493 1.769 0.317 

BYS 2.991 0.749 1.000 3.547 0.074 

CRS 0.513 0.339 - 2.060 0.244 

DES - 1.000 - 0.739 0.212 

EDS 0.692 0.409 1.000 1.705 0.286 

RVS - 1.000 - 2.009 0.082 

 

Table 5: Total BaP equivalent (BaPeq), chronic daily intake (CDI), margin of exposure (MOE), and 

lifetime cancer risk (LCR) values for CPO samples  

Sampled 

state 

BaPeq PAH4      

(mg kg-1) 

BaPeq PAHs      

(mg kg-1) 

CDIPAH4            

(mg kg-1 day-1) 

CDIPAHs                 

(mg kg-1 day-1) 
MOEPAH4 LCRPAHs 

Child of average body weight of 21.1 kg  

AKS 0.116 0.209 3.37E-05 6.07E-05 1.01E+04 4.43E-04 

BYS 0.031 0.117 9.01E-06 3.40E-05 3.77E+04 2.48E-04 

CRS 0.052 0.145 1.50E-05 4.22E-05 2.27E+04 3.08E-04 

DES 0.055 0.159 1.59E-05 4.63E-05 2.14E+04 3.38E-04 

EDS - 0.144 - 4.18E-05 - 3.05E-04 

RVS - 0.157 - 4.55E-05 - 3.32E-04 

ScV  3.45E-03     

Adult of average body weight of 63 kg 

AKS 0.116 0.209 3.20E-05 5.76E-05 1.06E+04 4.21E-04 

BYS 0.031 0.117 8.56E-06 3.23E-05 3.97E+04 2.36E-04 

CRS 0.052 0.145 1.42E-05 4.00E-05 2.39E+04 2.92E-04 

DES 0.055 0.159 1.51E-05 4.40E-05 2.25E+04 3.21E-04 

EDS - 0.144 - 3.97E-05 - 2.90E-04 

RVS - 0.157 - 4.32E-05 - 3.16E-04 

ScV   3.45E-03         

ScV - Screening, BaPeq PAH4 – Total BaP equivalent of PAH4, BaPqe PAHs - BaP equivalent of detected 9 

PAHs, CDIPAH4 - chronic daily intake of PAH4, CDIPAHs - chronic daily intake of detected 9PAHs 

4. CONCLUSION 

Health risks due to consumption of PAH-contaminated vegetable oils are a major concern 

requiring regular monitoring to detect changes as recommended by regulatory agencies. This study 

investigated the quality of edible palm oil from the six states in the South-South zone of Nigeria 

by assessing important parameters such as specific gravity, free fatty acid content, acid value, 

saponification value, ester value, and peroxide value. Additionally, PAHs in the oil samples were 
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quantified and related risks due to consumption were characterized by margin of exposure, lifetime 

cancer risk, and screening value. The results indicated that the CPO samples were of low quality 

as the parameters were below the requirements of NAFDAC/SON and Codex Alimentarius. The 

CPO samples are adjudged to be highly contaminated with PAHs as 100% of CPO samples 

examined exceeded the EU and the German Society for Fat Science permissible limits. Molecular 

diagnostic ratio for PAH source evaluation suggested a mixture of petrogenic and pyrogenic 

origins. The margins of exposure for both children and adults were at the borderline of possible 

health concern. The lifetime cancer risk values for PAHs for children and adults were 

unacceptable, above the regulatory limit of USEPA while the BaPeqPAHs (carcinogenic toxic 

quotients) for both children and adults were higher than screening value. The study therefore, 

concluded that consumers of CPO locally produced in South-South zone, Nigeria, could have 

serious health risk concerns and regular monitoring is required to detect specifications. 

 

Data Availability 

All relevant data are within the paper 
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