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Abstract

Crude Palm oil has been an essential constituent of human diet in many homes in Nigeria and it is essential in
human nutrition but can be contaminated by environmental contaminants such as microorganisms and heavy
metals. This study was carried out to determine the physicochemical properties of crude palm oil purchased
from three local government local markets in Lagos state, Nigeria and to determine some selected toxic and
trace heavy metals present in the crude palm oil. The palm oil samples were subjected to acid digestion process
before analysis. Physicochemical parameters of the crude palm oil samples were measured and the digested oil
samples were analysed for heavy metals using inductively coupled plasma-optical emission spectroscopy (ICP-
OES) analytical technique. The results of the physiochemical parameters are: moisture content ranges from
0.10% - 0.26%, peroxide value ranges from 8.00 - 8.40 mEqg.O2/kg, and saponification values ranges from
195.17mg/KOH/g - 202.37mg/KOH/g which are all within the limits recommended by the World Health
organization (WHQ). The pH of the samples were generally acidic (4.2, 4.5 and 5.0) and the free fatty acid
values ranged from 10.44% - 12.70% which exceeds WHO recommendations of 5%. The result shows that toxic
metals such as cadmium, lead and arsenic are present in the palm oil samples at high concentrations above
WHO standard limits which pose serious risks to human health. In conclusion the result shows that the palm oil
samples are rich in micronutrients/trace metals such as Fe, Na, Ni, Co, Mn, Zn, Mo, Cr, and Cu which are
important for human good health.
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I.  Introduction

Palm oil is an edible vegetable oil derived from the mesocarp (reddish pulp) of the fruit of the oil
palms. Oil palm (Elaesis guineensis) belongs to the Palmae family and is indigenous to West Africa. The palm
oil is produced from the fleshy part of the fruit of the palm tree (Gourichon, 2013; Tan et al., 2009; Japir et al.,
2017). Crude palm oil is a mixture of saturated, unsaturated and polyunsaturated fatty acids which depend on the
presence and number of double bonds as it contains large proportion of the saturated fatty acids (Minh, 2006).
Crude palm oil consists mainly of glycerides and small quantities of non-glyceride components which include
free fatty acids (FFA), moisture, trace metals and impurities and minor components, such as the carotenoid and
vitamin E. Palm oil derives its deep red colour from its high carotenoid content and the major component of its
triglycerides is the palmitic acid which is a saturated, unsaturated and polyunsaturated fatty acid. Palm oil has
been part of human diet for many years now and is known to be an essential constituent of diet in many homes
in Nigeria (White, 2000). Palm oil is an important source of food and a major source of lipid and it has been
known to be one of the most important vegetable oils due to its unique characteristics, particularly its potential
health benefits. Palm oil is one of the most important vegetable oils have numerous advantages of properties,
some of which are high oxidation stability, fatty acid composition, and its good plasticity at room temperature.
Although, palm oil is essential in human nutrition and medicinal treatment and it can be contaminated by
environmental pollutants such as microorganisms and heavy metals. Contamination of diets including palm oil
with heavy metals could result from different sources such as industrial waste, acidic rain breaking down soils
and food chain. The presence of these toxic metals may appear harmless in minute quantities, however, their
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accumulation over time poses potential health risk to human who regularly consume palm oil contaminated with
toxic metals. Besides possible contamination from heavy metals, palm oil is subject to deterioration due to
microbial infestation thereby leading to alteration in some of the physiochemical parameters such as free fatty
acid and this could also have harmful effects to human health.). Most food products processed using crude palm
oil have longer shelf life than those processed using other vegetable oils because crude palm oil contains higher
amounts of unsaturated fatty acids such as oleic acid which is responsible for its oxidative stability. Crude palm
oil consists of a balanced fatty acid composition i.e. 50% saturated and 50% unsaturated fatty acid which makes
it one of the most unique vegetable oils (Mba et al., 2015). Crude Palm oil is composed of fatty acids esterified
with glycerol, and its quality is affected by reactions which cause the breakdown of the esterified fatty acids and
formation of free fatty acids (Akinola et al., 2010). Free Fatty Acid (FFA) amount is also known as the Acid
Value (AV) content of the palm oil and is one of the relevant standards for determination of the quality of crude
palm oil. The level of FFA is an essential indicator of quality for selling palm oil especially in export and
domestic industrial markets. High level of FFA will yield high rancidity in crude palm oil which indicates poor
product quality which causes significant losses during refining process. However, low level of FFA value (<
5%) in crude palm oil is classified as high quality product which produces good physico-chemical properties of
crude palm oil products and could be useful for industrial applications (O’Brien, 2010; Ugonna et al., 2020). A
Review of the Health Implications of Heavy Metals in Food Chain in Nigeria. The Scientific World Journal,
https://doi.org/10.1155/2020/6594109). The quality assessment of crude palm oil for household consumption is
basically organoleptic because buyers taste, smell and assess colour of palm oil to determine its quality (ref).
The quality of crude palm oil is then categorised based on its FFA level as high quality (1-5%), good quality (5-
10%) and poor quality (above 10%) which makes it unhealthy for human consumption (Ngando Ebongue et al.,
2008); Japir et al., 2017). (TAMSI-DMSI, (2010); Codex Alimentarius Commission. (2005). Adjei-Nsiah et al.,
2012 reported that the FFAs content of good quality crude palm oil should not exceed 5% (TAMSI-DMSI,
(2010). Crude palm oil needs to be processed to remove undesirable components such as FFA, odors, colors,
phospholipids, and oxidation products (Albert et al., 2011; Azmi et al. 2015, Hambali et al. 2019). Palm oil
vitamin E has been extensively studied for its nutritional and health properties including antioxidant activities,
cholesterol lowering, anti-cancer effects and protection against atherosclerosis (O callighan 2014; Prashanth et
al., 2015). Its high content in pro vitamin A carotenoids makes crude palm oil to constitute an important food
that could be used to prevent vitamin A deficiency. The carotenoids, tocopherols and tocotrienols maintain the
stability and quality of palm oil and also act as biological antioxidants (Wu & Ng, 2007). Carotenoids are
responsible for the diversity of color in nature. Alpha-carotene, P-carotene, and cryptoxanthin have
demonstrated pro vitamin A activity. Beta-carotene is the most potent pro vitamin A carotenoid. Vitamin A is
necessary for vision, growth, cellular differentiation and other physiologic functions (Hendler & Rorvik, 2008).
Heavy metal refers to the metal whose specific gravity is greater than 5 and density is greater than 4.5g/cm?. It
also refers to a metal whose atomic weight is greater than 5.5g/dm>. Heavy metals are naturally occurring
elements that are found throughout the earth’s crust. Heavy metals are group of metals and metalloids that have
relatively high density and are toxic at part per billion (ppb) levels. Heavy metals are naturally occurring
elements that comprise of essential metals (Cu, Fe, Ni and Zn) and non-essential metals (Cd, Al, and Pb). The
main threats to human health from heavy metals are associated with exposure to Cadmium (Cd), Lead (Pb),
Mercury (Hg), and Arsenic (As) (Odika et al., 2020). The sources of heavy metals in the environment could be
natural or anthropogenic. Heavy metals including metalloids such as arsenic are widely utilized to sustain the
living standards of the modern world. Human activities such as industrial, mining, and agricultural processes has
led to a widespread distribution of heavy metals in the ecosystem, posing risks to human health (Liu et al. 2015).
These heavy metals have the ability to disrupt metabolic processes and genetic structure, while others affects
embryonic or foetal development. However, these metals are known to be non-biodegradable and have the
tendency to accumulate in living beings. Heavy metals make their way into different environmental media such
as soil, water, rock, and sediment from which we grow most of our food. Due to their bioaccumulation, non-
degradability, and the excessive amounts in which they exist, and the heavy metals contaminate the food chain
and have become a major source of toxicity to human beings and the entire ecological function. Heavy metals
easily enter humans, plants, and animals by inhalation, dermal absorption, or ingestion, which are biomagnified
through the food chain to pose a serious risk to food safety and human health (Zang et al. 2017). The ways in
which palm oil are stored in Nigeria are in lacquered metal cans, tanks, plastics, bottles etc. Some of these
containers are made up of materials which enable deterioration such as lead additives used in plastics as well as
iron in metal cans (Adetola et al., 2016). Heavy metals are environmental pollutants which can bioaccumulate in
plants from contaminated environment (lzah and Aigberua, 2017). Some heavy metals are required in trace
concentration and they are essential heavy metals. Heavy metals can be toxic when taken into the body above
recommended level (Izah and Srivastav, 2015).
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Il.  Materials And Methods
2.1 STUDY AREA

Palm oil was purchased from three different local government areas in Lagos state, Nigeria namely:
Alimosho, Badagry and Ojo. Lagos state is located in south western region in Nigeria.

Alimosho (A) is a local government area is geographically located on the western section of Lagos
State and the largest local government area in Lagos with a population of 1,288,714 inhabitants, according to the
2006 census captured. It has a total population of 9,113,605 and an estimate of 17,552,940 for the state. The
study area lies between the latitude 6°27' 14"N and longitude 3°23' 40"E with an area size of 3,577km2. The area
lies between the coordinates of 6°36'38"N and 3°17'45"E.

Badagry (B) is a local government area is geographically located on the northern section of Lagos State
and between the city of Lagos shares border with a country called Republic of Benin at Seme border. The study
area lies between the coordinates of 6°25'N 2°53'E with an area size of 441km?2 and a population of 241,093
according to the 2006 captured census figure. The major economic activities in Badagry include fishing, trading
and tourism.

Ojo (C) is a local government area and a town in Lagos state, Nigeria. Ojo is geographically located on
the eastern section of the Trans-West African Coastal Highway, about 37km west of Lagos. It has an area of
182km2 and a population of 609,173 as recorded by 2006 captured census figure. The coordinates of the study
area is 6°28'N and 3°11'E. It has some major markets some of which include: Alaba international market, the
old Lagos international trade fair complex and lyana-1ba market.
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Fig. 1. Map of Lagos state, Nigeria showing the three local government areas

2.2 Sampling

The samples of crude palm oil. palm oil samples used for the study were purchased from markets of
three local government areas in Lagos State, Nigeria. The crude palm oil samples were collected in plastic
containers and stored in a refrigerator until they are required for physicochemical analysis for some parameters
such as: pH, moisture content, free fatty acid, peroxide value, iodine value, saponification value, and toxic and
trace heavy metals.

2.3 Chemicals

All solvents and chemicals were used as received, and they include hydrochloric acid, nitric acid,
hydrfluoric acid, sulphuric acid, phelphthalein, sodium thiosulphate. Perchloric acid, ethanol, acetic acid,
chloroform, potassium hydroxide, sodium hydroxide, potassium iodide, and wij's solution which were purchased
from TUNNEX and MACDONALD chemical companies..

2.4 Physicochemical Parameters

2.4.1 Determination of pH

The pH was determined using JENWAY 3510 pH METER as it was calibrated using buffer 4, buffer 7 and
buffer 9 by dissolving a capsule each buffer in 100 mL of distilled water respectively. The pH electrode was
inserted into the palm oil and the reading was taken and recorded. The process was repeated twice and the
readings were taken and recorded.

2.4.2 Determination of moisture content

The moisture content was determined by using the gravimetric method. According to Enyoh et al. (2017), the
aluminum dishes were washed thoroughly and dried in the oven, then cooled in the desiccator before they were

DOI: 10.9790/5736-1503014654 www.iosrjournals.org 48 | Page




Physicochemical analysis of Crude Palm Oil purchased from Selected Markets in Three ..

weighed. 5 gram of crude palm oil was poured into previously weighed dishes. Then placed in an oven at 105°C
for 2 hours until all the water is driven off record and weigh the result and continue the procedure until a
constant weight is obtained. The moisture dishes were cooled in a desiccator. The difference in weight is the
amount of moisture in the crude palm oil was calculated.
The moisture in the palm oil is calculated as:
% Moisture = W, — W5 x 100

W, - W,

Where:
W, = Initial weight of empty crucible
W,= Weight of crucible + sample before drying

2.4.3 Determination of free fatty acid
Free fatty acids (FFA) content was analyzed by using titrimetric method. 5g of the oil sample was weighed and
poured in a dried conical flask. About 25 mL of absolute ethanol and 2-3 drops of phenolphthalein indicator was
added. The mixture was to heating with constant shaking in a water bath until the content of the flask starts
boiling. Allow the mixtue to cool and titrated with 0.1N sodium hydroxide until a pink endpoint was obtained
which persisted for at least 15 seconds. This procedure was repeated for all the samples.
The FFA was calculated as:
FFA =V (ml of titrant) x (N of titrant) x (256 g/mol)

10 x W (Weight of sample in gram)
V = volumeof NaoOH
N = Normality of NaOH
W= Final weight of crucible + sample after drying

2.4.4 Determination of lodine Value

lodine value was determined using Wijs Method according to Chebet et al., 2016; Abdullah et al.,
2013.by weighing 5 g of oil sample into a clean conical flask and dissolved with 20 mL of chloroform to
dissolve the oil sample and swirl the mixture for some minutes. About 25 ml of Wijs reagent was added to the
mixture in the flask using a measuring cylinder in a fume chamber. The mixture in the flask was swirled
vigorously for adequate mixing before the flask was then kept in a dark for 1 hour. At the end of this period, 20
ml of 10% aqueous potassium iodide and 100 ml of water was added using a measuring cylinder. Excess iodine
liberated was titrated with 0.1M sodium thiosulphate solution using 1% starch as indicator. The same procedure
was applied for the blank test. The lodine Value (1.V) is given by the expression;
lodine Value (1V) =12.69 C (V1 -V?2)

M

Where C = concentration of sodium thiosulphate
V1 = volume of sodium thiosulphate used for blank
V2 = volume of sodium thiosulphate used for determination
M = mass of sample
12.69= Constant.
2.4.5 Determination of saponification value
2 g of crude palm oil was weighed accurately and put into a conical flask containing 25 mL of 0.5 M alcoholic
KOH. Heat was applied while swirling to saponify the fat. The warm mixture was then titrated against 0.5N HCI
in the presence of phenolphthalein (1%). A blank titration was also carried out.
The saponification value was calculated using:
Saponification value = (Vp —Vs) X (N) of titrant X 56.1
Sample weight (g)

Where:
V, = mL of blank
Vs = mL of titrant

2.4.6 Determination of peroxide value

Peroxide value was determined by weighing 5 g of oil sample into a clean conical flask. 10ml of
chloroform was added and the oil was dissolved by swirling. 15 mL of glacial acetic acid and 1ml of freshly
prepared saturated potassium iodide solution were added. The flask with stopper was shaken for one minute and
placed in the dark for one minute. 25 mL distilled water was added and 0.5 mL starch solution was added as
indicator before titrating with 0.01 N solution of sodium thiosulphate (Na,S,03) shaking vigorously until the
blue grey colour disappeared in the aqueous layer (upper layer) and a milky colour appeared. The procedure was
repeated for blank ((Prasanth Kumar and Gopala Krishna, 2015).
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Peroxide value (mEqg/kg) = (V — Vo) X (N) x (F) x 1000
Mass (g)

Where:

V = Titre volume for sample

V, = Titre volume of blank

F = Factor of 0.01N sodium thiosulphate

N = Normality of sodium thiosulphate (Na,S,0s).

2.4.7 Total Acid Digestion

All the samples were digested using the same method. 2g sample was weighed and transferred
quantitatively into a 250 ml conical flask and thereafter digested with 10 ml of the digestion acid mixture (ratio
1:2:2 of perchloric, nitric and sulphuric acids) with heating on a hot plate in a fume hood until evolution of
white fumes. The digest was allowed to cool and 50 ml of distilled water was added to bring the metals into
solution and filtered using ashless Whatman filter paper into a 100 ml calibrated volumetric flask and made up
to mark with distilled water. The acid mixture, 10 ml, was also digested following the same procedure and was
used as blank. The samples were analyzed for heavy metals using inductively coupled plasma. Total acid
digestion is a test that involves contacting palm oil samples with concentrated acids to release all constituents
into solution and then determine the total elemental composition of the sample.

2.4.8 Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES).
Inductively coupled plasma optical emission spectroscopy (ICP-OES) analytical technique was used to
determine toxic and trace elements, and these elements were analysed using ICP-OES (Variance Liberty I1).

Procedure

Digested crude palm oil solution samples were filtered with 0.45 pm membrane filters to remove
suspended solids and diluted accurately with de-mineralized water to obtain EC values between the ranges of
50-100 pS/cm. The instrument was calibrated before it was used for cation analysis and the accuracy of the
instrument was checked using certified standards. The reproducibility of the instrument was determined by
running the samples in triplicate. Inductive coupled plasma optical emission spectroscopy (ICP-OES) is an
analytical technique used for the detection of chemical elements. It is a type of emission spectroscopy that uses
the inductively coupled plasma to produce excited atoms and ions that emit electromagnetic radiation at
wavelengths of characteristic element. The intensity of this emission is indicative of the concentration of the
element within the sample. Liquid samples was injected into a radio frequency (RF) induced argon plasma using
one of a variety of nebulizers or sample introduction techniques. The sample mist reaching the plasma is quickly
dried, vaporized, and energized through collisional excitation at high temperature. The atomic emission
emanating from the plasma is viewed in either a radial or axial configuration, connected with a lens or mirror,
and imaged onto the entrance slit of a wavelength selection device. Single-element measurements can be
performed cost-effectively with a simple monochromator—photomultiplier tube (PMT) combination, and
simultaneous multi-element determinations are performed for up to 70 elements with the combination of a
polychromator and an array detector.

I11.  Results And Discussion

3.1 Physicochemical Parameters

The results of some physicochemical parameters of the crude palm oil analysed is presented in Table 1.
All the samples are acidic with pH ranging from 4.2, 4.5 and 5.0 for Alimosho, Badagry and Ojo respectively.
The moisture content for the samples from the areas is very low with 0.10%, 0.12% and 0.26% for Alimosho,
Badagry, and Ojo respectively. Free fatty acid, moisture, peroxide value, iodine value and saponification value
plays important role in assessing quality as well as the health effect of the crude palm oil. The FFA is high with
which range from 10.44% to 12.70%, is above 5% the recommended value for quality palm oil (Japir et al.,
2017).), moisture of the samples ranges from 0.1% to 0.26% which is very low and it indicate that all the
samples slightly hydrolyzed, The iodine value of the oil samples ranges from 51.73 to 53.34 showed some
degree of unsaturation higher than some reported in the literature. According to Edem, 2002; and O’Brien, 2010
reported that crude palm oil with iodine value range of 51-58/100 g oil is classified as saturated oil. The IV
results of CPO samples used for this study are classified as saturated oil with iodine value (1V) range of 51-58
g/100 g oil. However, previous study have shown that the crude palm oils with a wider 1V range of 46-63 g/100
g oil have been reported. These types of palm oil may be mixtures of oils from different species of oil palm tree
or oil mixed with various proportions of palm stearin (Edem, 2002; Elias; O’Brien, 2010). Saponification
values for crude palm oil samples range from 195.17 to 202.37 Mg/KOH/G and it is good for soap making and
the peroxide value ranges from 8.00 to 8.4 (Meq.02/Kg) which is low.
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Table 2: Physico-Chemical Parameters of Crude Palm Oil Samples (n = 3)

SIN Parameters ALIMOSHO (A) | BADAGRY (B) 0JO (C) WHO

1 pH 4.2 45 5.0

2 Moisture Content (%) 0.10 0.12 0.26 0.29

3 Free Fatty Acid (%) 10.44 12.70 12.10 5

4 lodine Value 53.34 51.73 53.16

5 Saponification Value Mg/KOH/G | 196.40 202.37 195.17 195 - 205
6 Peroxide Value (Meq.02/Kg) 8.00 8.40 8.15 10

3.2 HEAVY METALS

The heavy metals detected in the crude palm oil samples could have adverse effects on the health of man the
final consumer of the oil.

3.2.1 Toxic Metals

Figure 2 revealed that palm oil purchased from the three market locations Metals such as cobalt (Co),
copper (Cu), chromium (Cr), iron (Fe), magnesium (Mg), manganese (Mn), molybdenum (Mo), nickel (Ni),
selenium (Se) and zinc (Zn) are essential nutrients that are required for various biochemical and physiological
functions. Inadequate supply of these micro-nutrients results in a variety of deficiency diseases or syndromes
contained toxic metal such as Cadmium, Lead and Arsenic. The concentrations of Cadmium in the oil samples
from Alimosho, Badagry, and Ojo local government areas are 0.99, 0.65 and 0.51 mg/L respectively. The
highest concentration of Cd was observed in the palm oil from Alimosho and the lowest from Ojo. Cadmium is
known to exert serious adverse effects on man such as prostate cancer, and could also cause kidney, liver, lungs
and bone damage. (Odika et al., 2020).

The concentration of Pb range from 0.59-0.93 mg/L and palm oil from Alimosho having the highest
value of 0.93 mg/L. Lead has harmful effects in man even at very low concentration and there is no known safe
exposure level (K. Asemave; B.A. Anhwange 2012). Exposure to Pb is harmful to vulnerable populations,
including infants, young children, pregnant women and their feotuses as it may result in possible neurological
damage to feotus. Lead is toxic to both the central and peripheral nervous systems, inducing other effects like
weight loss, hypertension, fatigue, headache, miscarriages, irritability, constipation, stillbirths, and renal tumors.

The concentrations of Arsenic (As) found in the oil samples are 0.76, 0.74 and 0.70 mg/L in palm oil
samples from Alimosho, Badagry and Ojo respectively which shows high concentration in Alimosho and least
in Ojo samples. Exposure to Arsenic may lead to progressive peripheral and central nervous changes such as
numbness and tingling.ure 2 revealed that the palm oil from Alimosho have the highest concentration for all
three toxic metals identified i.e. (Cd- 0.99 mg/L, Pb- 0.93 mg/L, As- 0.76 mg/L). This high concentration could
be as a result of environmental pollution which was caused by high population density, rapid industrial growth
and high urbanizing activities of man in the area.

m ALIMOSHO m BADAGRY oJO

660
0

Concentration (mg/L)

Ccd Pb As
Toxic metals

Fig 2: Concentration of toxic metals in palm oil samples from three market locations (n = 3)

3.2.2 Trace Metals

Figure 3 revealed that palm oil samples purchased from three market locations contained trace metals such as
Fe, Na, Ni, Co, and Mn.
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The concentration of iron (Fe) in the oil samples purchased from three locations is 5.57, 5.10, and
5.14mg/L for Alimosho, Badagry, and Ojo respectively. It has been reported that adequate Fe in a diet is
imperative for diminishing the incidence of anemia (Stoltzfus, 2003). Although, the concentration of Fe is the
highest amongst the metals in the entire palm oil samples, and it is also an essential nutrient of blood and
skeleton.

The concentration of sodium (Na) ranged from 3.71-3.85 mg/L with Alimosho having the highest
concentration. Na is necessary in the body to maintain balance in physical fluid systems and is also required for
the operation of nerves and muscles, but high-sodium diets are linked to a number of health problems including
damage to the kidneys and increase in the possibilities of hypertension.

Nickel (Ni) has been considered as a possible essential trace mineral for many decades. Deficiency
and excess ingestion of food containing high level of Ni content could cause adverse health effects in humans.
The concentration of Ni in the oil samples ranged from 0.82-1.57 mg/L.

Cobalt (Co) is another essential mineral that is required in the body. The concentrations of Co in the
palm oil samples are 1.44, 0.83 and 0.82 mg/L for Alimosho, Badagry, and Ojo respectively.

Manganese (Mn) concentration ranged from 1.05-1.50mg/L for palm oil samples from the three
locations. Mn plays vital roles in the body such as activation of enzyme. 2 — 5 mg of Mn is required by the body
daily and deficiency of Mn can result in severe skeletal and reproductive abnormalities.
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Fig 3: Concentration of trace metals in palm oil samples purchased from three market locations (n = 3)

Figure 4 presents the remaining trace metals such as Zn, Na, Mo, Cr, and Cu. Chromium (Cr) in the
palm oil samples analysed and their concentrations are 1.09, 0.93 and 0.82mg/L for samples purchased from
Alimosho, Badagry, and Ojo respectively. Trivalent Cr is an essential nutrient for man as it is involved in
glucose tolerance. Adequate Cr nutrition may reduce risk factors associated with cardiovascular disease as well
as diabetes mellitus, though hexavalent chromium is in contrast very toxic.

The concentration of Copper (Cu) in palm oil samples from Alimosho, Badagry, and Ojo were
determined to be 0.93, 0.67, 0.53mg/L respectively. Copper concentration was determined and found to be the
highest in Alimosho and Ojo the lowest.

Molybdenum (Mo) is an essential mineral needed by the body to stay healthy and the concentrations
are 1.11, 1.01 and 0.99 mg/L for samples purchased from Alimosho, Badagry, and Ojo respectively.

The concentration of Zinc (Zn) ranged from 0.71-1.15 mg/L in the palm oil samples and zinc is
required in the diet because it exhibits a wide range of biological functions such as components of enzymatic
and redox systems. Symptoms of zinc deficiencies include tastelessness and loss of appetite. Zn concentration is
highest in Alimosho and lowest in Ojo.
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Fig 4: Concentration of trace metals in palm oil samples purchased from three market locations (n = 3)

IV.  Discussion

The peroxide value determines the extent to which the oil has undergone rancidity, thus it could be
used as an indication of the quality and stability of fats and oils. The peroxide value obtained from the palm oil
samples range from 8.00 - 8.40 mEqg.0O2/kg which is comparable with the standard value of 10 mEq.02/kg
specified by the World Health organization (WHO). The free fatty acid (FFA) values obtained from the oil
samples range from 10.44% - 12.70% thus, exceeding WHO recommendation of 5% free fatty acid as palmitic
acid limit. The high values of the free fatty acid obtained may be due to poor handling techniques and exposure
to heat and sunlight. The palm oil is not highly unsaturated because the iodine value ranged from 51.73-53.34.
The moisture content of the palm oil samples ranged from 0.10% to 0.26% which is within the recommended
standard of 0.29% for fresh oil by WHO. The low moisture content obtained will encourage the storage stability
of the palm oil samples. The saponification values obtained ranged from 195.17mg/KOH/g to 202.37mg/KOH/g
and these values are within the recommended range of 195-205 mg/KOH/g for edible palm oils as specified by
the World Health organization (WHO). These values are indication that the oils are well suited for soap making.
The pH of all the samples was acidic which can be attributed to the presence of high FFA. Metals such as cobalt
(Co), copper (Cu), chromium (Cr), iron (Fe), manganese (Mn), molybdenum (Mo), nickel (Ni), and zinc (Zn)
are essential nutrients that are required for various biochemical and physiological functions. Inadequate supply
of these micro-nutrients results in a variety of deficiency diseases or syndromes.

V.  Conclusion

This study shows that the peroxide values, moisture content and saponification values of the palm oil
samples are within the limits recommended by the World Health organization (WHO). However, the free fatty
acid values of the palm oil samples were higher than that of the (WHO) recommendations which can be
attributed to over-ripening of palm fruits, poor handling during harvesting, and environmental factors to which
the oil is exposed to after processing such as display of palm oil in open market under sunlight and ultra violet
radiation. This study reveals that toxic metals such as cadmium, lead and Arsenic were present in the palm oil
samples at high concentration, above World Health Organization standard of 0.05, 0.1, and 0.1 mg/L for Cd, Pb
and As respectively. The result also revealed that the palm oil samples are very rich in micronutrients/trace
metals such as Fe, Na, Ni, Co, Mn, Zn, Mo, Cr, and Cu which are important for good health. The research study
concluded that there is need for improved processing, good handling and storage practices that would ensure
high quality of palm oil sold in the markets.
From the study, the following recommendations were made:

References

[1]. Gourichon, H. (2013). Analysis of incentives and disincentives for palm oil in Nigeria.

[2]. Tan C-H., Ghazali HM, Kuntom A, Tan C-P., Ariffin AA. (2009). Extraction and physicochemical properties of low free fatty acid
crude palm oil. Food Chem 113: 645-650.Charity Osei-Amponsa (2013). Improving the quality of crude palm oil: Trans
disciplinary research on artisanal processing in Kwaebibirem district Ghana.

[3]. Abd Al-Wali Japir, Jumat Salimon, Darfizzi Derawi, Murad Bahadi, Salah Al-Shuja’ and Muhammad Rahimi Yusop (2017).
Physicochemical characteristics of high free fatty acid crude palm oil. Oilseeds & fats Crops and Lipids, 24(5), D506. DOI:
10.1051/0cl/2017033

[4]. Minh, T.N. (2006). The effect of temperature on the growth of bacteria. Saint Martin’s University Biology Journal, 1: 87-90

[5]. White, J.P., (2000). Fatty Acids in Oil Seeds. In: Fatty Acids in Foods and their Health Implications, Chow, C.K. (Ed.). Marcel
Dekker Inc, New York, USA., ISBN: 0824767829, pp: 209-238.

DOI: 10.9790/5736-1503014654 www.iosrjournals.org 53 | Page



Physicochemical analysis of Crude Palm Oil purchased from Selected Markets in Three ..

[6].
71

8.
[9].

[10].

[11].

[12].
[13].

[14].
[15].

[16].

[17].
[18].
[19].

[20].
[21].

[22].
[23].

[24].
[25].

[26].
[27].
[28].
[29].

[30].

[31].
[32].

[33].

| Alegbe M.J, et. al. “Physicochemical analysis of Crude Palm Oil purchased from Selected
' Markets in Three Different Local Government Areas in Lagos State.” IOSR Journal of Applied
' Chemistry (IOSR-JAC), 15(03), (2022): pp 46-54.

Mba, O. I., Dumont, M. J., & Ngadi, M. (2015). Palm oil: Processing, characterization and utilization in the food industry—A
review. Food bioscience, 10, 26-41.

Akinola FF., et al. “Physico-chemical properties of palm oil from different palm local factories in Nigeria”. Journal of Food
Agriculture and Environment 8.3-4 (2010): 264-269.

O’Brien, R. D. (2010). Fats and oils: Formulating and processing for applications (3rd ed.). Boca Raton, Florida: CRC Press.
Ugonna C. Nkwunonwo , Precious O. Odika and Nneka I. Onyia (2020). A Review of the Health Implications of Heavy Metals in
Food Chain in Nigeria. The Scientific World Journal, https://doi.org/10.1155/2020/6594109

Ngando Ebongue GF, Koona P, Nouy B, et al. (2008). Identification of oil palm breeding lines producing oils with low acid values.
Eur J Lipid Sci Technol 110: 505-509.

Codex Alimentarius Commission. (2005). Joint FAO/WHO food standards programme. Twenty-eighth session, 4-9 July 2005,
Rome, Italy. Report of the 37th session of the Codex Committee on Food Additives and Contaminants, 25-29 April 2005, The
Hague, the Netherlands.

Ngando-Ebongue Georges Frank; Mpondo-Mpondo Emmanuel Albert and Ewane Marcelle Astride (2013). Some quality
parameters of crude palm oil from major markets of Douala, Cameroon. African Journal of Food Science, Vol.7 (12), pp. 473-478.
Adjei-Nsiah S, Zu A, Nimoh F. (2012). Technological and Financial assessment of small scale palm oil production in Kwaebibrem
district, Ghana. J Agri Sci 4: 111-120.

TAMSI-DMSI, (2010). Facts of Indonesian Oil Palm, Indonesia Palm Oil Advocacy Team-Indonesian Palm Oil Board, Jakarta, 35.
Albert, M. M. E., Laverdure, D. E. E., & Paul, K. (2011). Assessment of the quality of crude palm oil from small holders in
Cameroon. Journal of Stored Products and Postharvest Research, 2(3), 52-58.

Azmi R.A,, P.S. Goh, A.F. Ismail, W.J. Lau, B.C. Ng, N.H. Othman, A.M. Noor, M.S.A. Yusoff. (2015). Deacidification of crude
palm oil using PVA-crosslinked PVDF membrane. Journal of Food Engineering. 166: 165-173. Doi:
10.1016/j.jfoodeng.2015.06.001.

Hambali E, Al Sutanto, M Rivai, A Suryani, (2019). Teknologi pengolahan CPO dan produk turunannya. IPB Press. Bogor.
Indonesia.

O’Callaghan, Y., McCarthy, F. O., & O’Brien, N. M. (2014). Recent advances in phytosterol oxidation products. Biochemical and
Biophysical Research Communications, 446(3), 786—791.

Prasanth Kumar P, Gopala Krishna A. (2015). Physicochemical characteristics of commercial coconut oils produced in India.
Grasas y Aceites 66: e062.

Wu, S.J., & Ng, L. T. (2007). Antioxidant and antihepatoma activities of palm oil extract. Journal of Food Lipids, 14, 122-137.
Hendler, S. S., & Rorvik, D. (2008). PDR for nutritional supplements (2nd ed.). Montvale, NJ: Thomson Reuters, Physicians’ Desk
Reference.

P. O. Odika, O. L. Anike, A. G. Onwuemesi, N. F. Odika, and R. B (2020). Ejeckam, “Assessment of environmental geochemistry
of lead-zinc mining at Ishiagu area, lower Benue trough, southeastern Nigeria,” Earth Science Research, vol. 9, no. 1, pp. 1-31,.
Asemave K., S.T. Ubwa, B.A. Anhwange and A.G. Gbaamende (2012). Comparative Evaluation of Some Metals in Palm Oil,
Groundnut Oil and Soybean Qil from Nigeria. International Journal of Modern Chemistry Vol. 1(1), pp. 28-35

Liu J, Liang J, Yuan X, Zeng G, Yuan Y, Wu H, Huang X, Liu J, Hua S, Li F, Li X (2015). An integrated model for assessing
heavy metal exposure risk to migratory birds in wetland ecosystem: a case study in Dongting Lake Wetland, China. Chemosphere
135:14-19

Zang F, Wang S, Nan Z, Ma J, Zhang Q, Chen Y, Li Y (2017). Accumulation, spatio-temporal distribution, and risk assessment of
heavy metals in the soil-corn system around a polymetallic mining area from the Loess Plateau, northwest China. Geoderma
305:188-196.

Adetola, O. A., Alabi, O. O., & Abdulrauf, I. A. (2016). Investigating storage duration and packaging materials on quality of fresh
palm oil. FUTA Journal of Research in Sciences, 12(2), 252-259.

Izah SC and Aigberua AO. “Comparative Assessment of selected heavy metals in some common edible vegetables sold in Yenagoa
metropolis, Nigeria”. Journal of Biotechnology Research 3.8 (2017): 66-71.

Izah SC and Srivastav AL. “Level of arsenic in potable water sources in Nigeria and their potential health impacts: A review”.
Journal of Environmental Treatment Techniques 3.1 (2015): 15-24.

Edem, D. (2002). Palm oil: Biochemical, physiological, nutritional, hematological and toxicological aspects: A review. Plant Foods
for Human Nutrition, 57(3-4), 319-341.

Enyoh Christian Ebere; Ihionu Ezechiel Amarachukwu; Verla Andrew Wirnkor and Ebosie Patricia Ngozi (2017). Physiochemical
parameter of palm oil and soil from Ihube community, Okigwe, Imo state Nigeria. International letters of natural science, Vol. 62,
pp. 35-43.

Chebet, J., Kinyanjui, T., & Cheplogoi, P. K. (2016). Impact of frying on iodine value of vegetable oils before and after deep frying
in different types of food in Kenya. Journal of Scientific and Innovative Research, 5(5), 193-196.

Abdullah BM, Yusop RM, Salimon J, Yousif E, Salih N. (2013). Physical and chemical properties analysis of Jatropha Curcas seed
oil for industrial applications. Int J Chem Nucl Mater Metall Eng 7: 475-479.

Prashanth, L., Kattapagari, K. K., Chitturi, R. T., Baddam, V. R. R., & Prasad, L. K. (2015). A review on role of essential trace
elements in health and disease. Journal of ntr. university of health sciences, 4(2), 75.

DOI: 10.9790/5736-1503014654 www.iosrjournals.org 54 | Page



