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Abstract

Background: This study assessed the quality of palm oil produced and sold in major markets in the Orlu senatorial zone
in Imo state, Nigeria.

Methods: Three major markets each from different local governments in Orlu zone were visited and a total of forty-five
(45) palm oil samples were procured and homogenized into three samples (Good, Fairly-good, and Bad samples). FFA,
DOBI, PV, p-Anisidine, and beta-carotene levels of the oil were analyzed using standard methods. Data were analyzed
using SPSS version 21 for means and standard deviation. Analysis of variance (ANOVA) was used to compare the means
while Duncan's New Multiple range test was used to separate the means.

Results: The results obtained showed that the peroxide value (PV) of the palm oil sample ranged from 4.80 - 43.20
MeqO2z/kg, Free fatty acid from 5.56 - 8.63%, p-Anisidine from 30.00 - 32.00Av, Deterioration of Bleachability Index,
0.12 - 0.18 and beta-carotene value, 2146.67 - 2516.6mg/kg. There were no significant differences (P > 0.05) found on
the three palm oil samples assessed except in peroxide value which was observed to have a significant difference at P <
0.05.

Conclusion: From the result obtained, the ‘Fairly good and Bad sample’ was proved to be of low quality while the ‘Good
sample’ was of good quality following the quality index considered in the study.
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1. Introduction

Most of the oilseeds consumed as food are used as cooking oil, to some extent oxidized rather than its fresh state and
this oxidation seems to be responsible for the health risk associated with fat and oil consumption (Edem, 2002). The
free radicals produced by the oxidation process have been shown to be carcinogenic (Rossel, 2000). Research done in
Costa Rica connected cooking oil to increased risks of cardiovascular illness, indicating that substituting saturated
vegetable oil in cooking with polyunsaturated non-hydrogenated oils might lessen the risk of heart attacks (Kabagambe,
Ascherio & Campos, 2005) and chronic obstructive pulmonary disease (Uche-Okoye et al., 2023). There is a relationship
between higher Free Fatty Acid levels and obesity. Large amounts of Free Fatty Acids will impede insulin's anti-lipolytic
activity, thereby increasing the pace of Free Fatty Acid circulation and inflicting more damage to the body (Jensen,
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Haymond & Rizza, 2008). Most vegetable oils comprise of triglycerides and free fatty acids but palm oil which happened
to be the most consumed vegetable oil as of 2015 (Ebere et al., 2018; SoyStats, 2016) has less free fatty acids and a
majority of fatty acids are palmitic acid followed by oleic acid (Corley & Tinker, 2008).

Palm oil is a reddish-colored edible oil obtained from the fruits of the oil palm Elaeis guineensis, which is native to West
Africa (Poku, 2002; Siew, 2002). The oil palm tree is a perennial tropical tree crop that generates the most oil when
compared to other oil-producing plants (Enyoh, Enyoh, & Amaobi, 2017). The crop is notable for producing two kinds
of oil. The fleshy mesocarp yields palm oil, which is mostly utilized for its edible features, and the kernel yields palm
kernel oil, which is widely used in the palm-based industrial sector (Siew, 2002).

Palm oil is resistant to oxidative degradation, and its ability to withstand high temperatures makes it more effective in
frying than other alternative oils (Berger, 1992; Kheiri, 1987). Furthermore, it is high in antioxidants such as
carotenoids, tocopherols, and tocotrienol, which when taken increase immunological function through several
processes and can improve cardiovascular health (Enyoh, Verla, Enyoh & Verla, 2018). Carotenoids play an important
role as biological antioxidants, protecting cells and tissues from the damaging effects of free radicals caused by cigarette
smoke, industrial pollution, stress, inadequate diets, pesticide and insecticide residues in food and water, and a variety
of other negative environmental influences (Roche, 2000). Degenerative disorders such as heart disease and cancer, as
well as non-cancerous proliferation such as Benign prostatic hyperplasia (Chinwe et al., 2022), are linked to a buildup
of free radicals in the body. These natural antioxidants operate as shields against free radicals and are thought to protect
against cellular aging, atherosclerosis, cancer, arthritis, and Alzheimer's disease (Sutapa & Analava, 2009).

The characteristics of palm oil is mostly related to its chemical composition. Some certain characteristics and attributes
cause oil palm to deteriorate faster and these might pose a health risk if ingested (Imoisi, Ilori, Agho, & Ekhator, 2015).
Improper post-harvest handling, processing, and storage techniques may have an impact on palm oil quality. Again,
there is widespread allegation that palm oil is being tampered with and adulterated for the sole aim of increasing profits.
The addition of color dyes, water, and other prohibited food additives as commonly practiced in Imo state Nigeria may
influence the quality of palm oil in terms of nutritional content, wholesomeness, use, safety, and shelf-life. The amount
of free acid, deterioration of bleachability index (DOBI), beta-carotene level, p-Ansidine and peroxide value, are very
useful indices in assessing palm oil quality (Udensi & Iroegbu, 2007). There is a dearth of Information on the Quality
assessment of Palm oil produced and sold in Orlu zone of Imo State. On this backdrop, the study aims to assess the
chemical qualities of palm oil sold in major markets in Orlu senatorial zone in Imo State using these chemical
parameters; free fatty acid, deterioration of bleachability index (DOBI), beta-carotene level, p-Ansidine and peroxide
value.

o Peroxide value: The amount of peroxides in palm oil indicates the degree of primary oxidation and thus the
likelihood of rancidity. A lower number of peroxides indicates good oil quality and preservation status.
(Initiative for Public Policy Analysis [IPPA], 2010). A peroxide value of less than 10meqO2/kg reflects good oil
quality (CODEX, 2011).

o Free Fatty Acid content: It is the acid content of edible fats given by the quantity of free fatty acids derived
from the hydrolytic rancidity of triglycerides (Sambanthamurthi, 2000). Thus, crude palm oil with low FFA is
an indication that the oil has been processed from fresh, unbruised fruits and carefully handled during
production and storage (Ali & Abdurrhman, 2013). Palm oil with less than 5% free fatty acid (as palmitic acid)
is considered safe (CODEX, 2011).

e Anisidine value (AnV): The anisidine value test is used to examine the secondary oxidation of oil or fat, which
is primarily attributed to aldehydes and ketones, and can thus provide information about the oxidation
"history" of oil or fat. It is a sign of excessive oil deterioration in deep frying processes, which produces
undesirable flavors (Yorulmaz, Erinc, & Tekin, 2013).

o The lower the p-Anisidine Value, the higher the quality of the analyzed fats and oils. The recommended values
vary depending on the state of primary oxidation: for fish oils, the p-Anisidine value must be less than 30 Av,
while for vegetable oils, less than 10 Av is recommended; thus, the maximum Anisidine value of palm oil is 10Av
(Grossi, Lecce, Arru, & Ricco, 2015; CODEX, 2011).

e Deterioration of bleachability index (DOBI): The test predicts the ease of refining crude palm oil, as well as
its shelf life. It is a measure of the bleachability of crude palm oil based on the amount of carotenes still present
and the amount of secondary oxidation products (Abdul, 2000). A DOBI of 4 implies that the crude palm oil is
easily bleached, whereas a DOBI of 2.5 to 3 indicates that the crude palm oil is of average quality (Siew, 2000).

The data gathered from this study will indeed be valuable to Dietitian, Nutritionist, food processors, and palm oil
consumers in Imo state in making informed choices and providing evidence-based information for proper dietary
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guidance and counseling, and also be added to a database on the theme for the improvement of related industrial
applications.

2. Material and methods

2.1. Research design

The study employed an experimental study design.

2.2, Study area

The market survey was carried out in Orlu senatorial zone in Imo State. Imo state has 27 local governments, grouped
under three senatorial districts namely: Imo North (Okigwe zone), Imo East (Owerri zone), and Imo West (Orlu zone).
Orlu zone is the largest senatorial zone in terms of the number of local government areas (Imo State Government, 2010;
Amangabara, 2015) and has the highest number of palm oil production plants (Nwauwa, 2012).

2.3. Sampling procedure

An exploratory study was carried out in Imo West (orlu zone) of Imo State to identify the quality of palm oil produced
and consumed in the study areas. A multi-stage sampling technique was used for the survey. Firstly, three local
government areas (Nwangele, Isu and Orlu) were selected randomly from the available local governments in orlu
senatorial zone of imo state. The Three local government areas (L.G.A) were selected purposively for the study based
on cultural food habits. Random sampling also was used to select a major market from each Local Government Area,
making a total of three markets (Nkwo-mmiri market in Nwangele L.G.A, Eke-amandugba market in Isu L.G.A and
International market in Orlu L.G.A).

2.4. Purchase of sample

The Palm oil samples used for this study were obtained from the selected markets (each market from the three selected
local governments in Orlu zone of Imo State). Fifteen samples were purchased from different sellers from each market
in each selected local government area, making a total of forty-five samples which were homogenized into 3 samples
(Good, fairly good, and bad samples) based on taste, color, and smell after sensory evaluation done by eighteen (18)
experts on palm oil production.

2.4.1. Criteria for Good oil are

o Taste: mild savory taste (has flavor but not sweet), it is neither bitter nor sour.
e Color: dark red (ox-blood red or orange color).
e Smell: pleasant and violet (not choking) smell.

2.5. Laboratory analysis

Chemical analysis was done on the Palm oil samples using five basic parameters; Free fatty acid content, Carotene
content, Peroxide value, DOBI and Anisidine value. All determinations were done in triplicates and mean values were
calculated. Peroxide value and Free fatty acid determination were carried out using the method described by Akinola,
Oguntibeju, Adisa, and Owojuyigbe (2010). Anisidine value, DOBI, and beta-carotene content were determined using
the method described by the Association of Official Analytical Chemists (AOAC, 2010).

2.6. Data Analysis

Data was analyzed using Statistical Package for Social Sciences version 23 for Means and Standard deviation (SD).
Duncan New Multiple Range Test was done to compare the means of samples obtained from the three different markets.
P<0.05 was set to be significant.

3. Results

3.1. Results of each parameter used in assessing the quality of palm oil samples according to the order of the
objectives

Table 1 below shows the result of peroxide values of palm oil samples collected from Orlu Senatorial Zone in Imo state,
Nigeria. From the Table, it was observed that there was variability among peroxide values of the three samples assessed,
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with means of 4.80Meq02/Kg, 17.13Meq02/Kg, and 43.20Meq02/Kg, respectively. There was a significant difference (p
< 0.05) found in the peroxide value of the bad sample assessed.

Table 1 Peroxide values of palm oil samples

Samples Mean + SD F-ratio | P-value (sig.)
Good 4.80 + 4.852 13.590 | 0.006*

Fairly good | 17.13 + 10.982

Bad 43.20+10.51b

Values = Mean + SD (SD = standard deviation) of 3 determination, * = Significant (p < 0.05)

Table 2 below shows the result of free fatty acids (FFA) of palm oil samples collected from Orlu Senatorial Zone in Imo
state, Nigeria. From the Table, it was observed that there was variability among the means of FFA in the three samples
assessed, with means of 5.56%, 7.30% and 8.63% respectively. This variability was also observed on samples collected
within and amongst markets in Orlu Senatorial Zone. There was no statistically significant (p > 0.05) difference found
among the FFA of the three samples assessed.

Table 2 Free fatty acids (FFA) values of palm oil samples

Samples Mean X sp | F-ratio | P-value (sig.)

Good 5561+ 1.83a | 4163 0.073**

Fairly good | 7.30% 0.532

Bad 8.631t1.23a

Values = Mean + SD (SD = standard deviation) of 3 determination, ** = Insignificant (p > 0.05)

Table 3 below shows the result of p-Anisidine value of palm oil samples collected from Orlu Senatorial Zone in Imo state,
Nigeria. It was found that there was a slight variation among the means of p-Anisidine of the three samples assessed,
with means of 30.00 Av, 31.00 Av, and 32.00 Av, respectively. There was no statistically significant (p > 0.05) difference
found among the samples assessed.

Table 3 p-Anisidine value of palm oil samples

Samples Mean £ SD F-ratio | P-value (sig.)

Good 30.00E5.23a | 0.212 0.814**

Fairly good | 31.00% 1.73a

Bad 32.00 X 3.46a

Values = Mean+ SD (SD = standard deviation) of 3 determination, ** = insignificant (p > 0.05)

Table 4 Deterioration of bleachability index values of palm oil samples

Samples MeanX sp | F-ratio | P-value (sig.)

Good 0.18 X 0.02a | 4287 0.070**

Fairly good | 0.15%0.03a

Bad 0.12%0.03a

Values = Mean# SD (SD = standard deviation) of 3 determination, ** = Insignificant (p > 0.05)
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Table 4 below shows the result of deterioration of bleachability index of palm oil samples collected from Orlu Senatorial
Zone in Imo state, Nigeria. From the results, it was found that there was a slight variation among the means of the three
samples of deterioration of bleachability index assessed, with means of 0.18, 0.15, and 0.12, respectively. There was no
statistically significant (p > 0.05) difference found among the three samples of deterioration of bleachability index
assessed.

Table 5 below shows the result of beta-carotene of palm oil samples sold in major market in Orlu Senatorial Zone in Imo
state, Nigeria. From the results, it was found that there was a variation among the means of the beta-carotene of the
three samples assessed, with means of 2516.67 Mg/Kg, 2440.00 Mg/Kg and 2146.67 Mg/Kg, respectively. There was no
statistically significant (p > 0.05) different found among the beta-carotene of the three samples assessed.

Table 5 Beta-Carotene level of palm oil samples

Samples Mean * SD F-ratio | P-value (sig.)

Good 2516.67 £ 1576.08a | 0.083 0.921**

Fairly good | 2440.00 £ 796.05a

Bad 2146.67 £1002.02a

Values = Mean * SD (SD = standard deviation) of 3 determination, ** = Insignificant (p > 0.05)

4. Discussion

Peroxide value is an important parameter used in assessing the quality of palm oil. It is an indicator of the level of lipid
peroxidation or oxidative degradation. From Table 1, it was observed from the research findings that the peroxide value
of fairly good sample and bad sample with mean values of 17.13 MeqOz/kg and 43.20 MeqO2z/kg respectively, were high
when compared with the safe level (< 10 MeqO2z/kg) as specified by CODEX (2011) except Good sample (4.80 MeqO2z/kg)
which falls within safe level (< 10 MeqO2z/kg). A significant difference (P < 0.05) was observed in the bad sample which
has the highest peroxide value. The variation in peroxide value of the three palm oil samples assessed may be due to the
storage period, high temperature during processing, and exposure to air which leads to oxidation and spoilage (Grossi,
Lecce, Arru, & Ricco, 2015). Low peroxide value was also recorded by Ngando et al., 2012, Aletor et al,, 1990, Onwuka
and Akaerue 2006 with values of (2.07, 1.48 - 5.71 and 2.67 MeqOz/kg), (2.70 and 7.40 MeqOz/kg for traditionally
processed palm oil) and (5.4 and 0.75 - 7.4 MeqO2z/kg) respectively and high peroxide value was also seen in the findings
of Okechalu et al. (2011), who reported relatively high peroxide values of 23.2 - 35.5 Meq0Oz/kg. This oxidized oil could
be very harmful for consumption (Tagoe et al., 2012). Besides these visible harmful effects on the sensory quality of the
oil, peroxidation also makes the oil dangerous for human health, as the free radicals generated by this process are
proven to be carcinogenic (Rossel, 2000).

The research also shows that there was variability in the mean values of free fatty acid among the three palm oil samples
assessed as shown in table 2. There were no statistically significant differences (p > 0.05) found among the FFA values
of the samples assessed. The FFA values of the palm oil sample ranging from 5.56% to 8.63%, were slightly above the
safe level (5%) as specified by CODEX (2011) norms. crude palm oil with low FFA (not exceeding normal) is an
indication that the oil has been processed from fresh, unbruised fruits and carefully handled during production, storage,
and transportation (Ali & Abdurrhman, 2013). Therefore, the increased value of FFA, slightly above normal may be
attributed to poor post-handling techniques during the production process, storage period, fermentation, and the use
of bruised or ripe palm fruit in palm oil production (Ali & Abdurrhman, 2013). According to Hyman (2001) classification,
the crude palm oil produced in Orlu zone of Imo state could be regarded as hard oil because its FFA content is greater
than 5%. Aletor et al. (1990) reported 4.9% FFA for mechanical processed palm oil and 7.04 - 12.24% for traditionally
processed palm oil. Okechalu et al. (2011) sampled oil palm sold within Jos Metropolis and found that the FFA ranges
from 2.67 - 4.20%. Onwuka and Akaerue (2006) found that the % FFA of palm oil differs according to the different
methods of processing. They found that the FFA of large-scale industrially processed palm oil is 0.97%, while oil
processed using traditional aqueous oil extraction method had FFA of 2.6 - 2.9%. Likewise, Ngando et al. (2012)
reported % FFA of traditionally (6.39%), semi-mechanical (5.00 - 10.26%), and industrially processed (4.71%) palm
oil in Cameroon. Basically, FFA is the widely used method for examining the quality of palm oil, increased FFA beyond
normal (5%) is known to cause an increased risk of coronary heart disease, a leading cause of death in Western nations
(Ngando et al.,, 2011). In order to limit lipase activity, fresh fruit bunches must be handled gently and above all,
processed rapidly after harvest to inhibit free radicals of reactive oxygen species, lipid peroxidation, and up-regulating
other free radical detoxification mechanisms (Ugo, 2022).
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Furthermore, the p-Anisidine value is used to provide information on the oxidative history of fat, as it is appropriate to
quantify secondary oxidative products essentially made up of high molecular weight saturated and unsaturated
carbonyl compounds. From the research, it was found that there was a slight variation among the mean values of p-
Anisidine which ranges from 30 - 32 Av and are above the safe level (< 10 Av) as specified by CODEX (2011). The high
p-Anisidine value could be due to the decomposition of glycerides by fungi and micro-organisms and might be
accelerated by the exposure of palm oil to either sunlight or heat (Houria et al., 2002; Ekwenye, 2005). There was no
statistically significant difference (p > 0.05) found among the samples. The p-Anisidine values of samples assessed were
above the Codex Alimentarius 2011 norms which recommend a maximum value of 10Av indicating that red oil obtained
from this area is not good for consumption because of the high level of p-Anisidine value in the oil which shows that the
oil has gone rancid. The p-Anisidine results from Table 3 were not in agreement with the results of Muhammad, Wagqar,
Saeed, and Ikram, (2008) who recorded lower values for p-Anisidine (6.33 - 9.57 Av).

The deterioration of the bleachability index, or DOBI test attempts to predict the ease of refining crude palm oil,
indicating its oxidative status and its shelf life (Abdul, 2000). The research findings in table 4 have shown that there was
a slight variation among the mean values of DOBI which ranges from 0.12 - 0.18 and are below the safe level (2 - 4) as
specified by Siew (2000). There was no statistically significant difference (p > 0.05) found among the deterioration of
bleachability index of the samples assessed. A good quality palm oil is easily bleached and should have a DOBI of 4, while
average quality crude palm oil will exhibit a DOBI of 2 to 3 (Siew, 2000), but this was in contrast with the research
findings which falls below the safe level.

The result from Table 4 was not in line with the findings of Gee (2014), who recorded higher values for DOBI (2.6 -
3.05). The low DOBI value obtained from the research may be due to the quality of palm oil used, the degree of ripeness,
and storage conditions (Siew, 2000). This will pose a problem to further bleaching and refining of the palm oil sample.

These research findings have also shown that palm oil marketed in major markets in Orlu senatorial zone is of good
quality as their -carotene levels ranged between 2146.67mg/kg to 2516.67mg/kg. There were no statistically
significant differences (p > 0.05) found among the beta-carotene content of the samples assessed (table 5). Though the
beta-carotene content falls above the recommended values of the Standard Organization of Nigeria and Nigerian
Industrial Standard (500 - 2000 mg/kg) but was within the tolerable upper intake level of 2,800mg/Kg (NIS, 1992).
The result was in contrast with the findings of Agbaire, (2012) and Udensi & Iroegbu, (2007) who recorded a lower
carotene value of 1376.73 - 1568.59 mg/kg and 1082 - 1458 mg/kg respectively, in Delta and Abia States. De-Almeida
etal. (2013) also reported very high values ranging from 4.2210 - 9.4002 ng/g (equivalent to 4221 - 9400.2 mg/kg) in
Bahia, Brazil. Palm oil is usually rich in vitamin A with carotene as its precursor (Ihekorokye & Ngoddy, 2005). Thus,
high levels of carotene in the oil samples indicate high levels of vitamin A which is essential for good sight. The Good
sample of palm oil assessed showed the highest carotene content when compared to the other two samples studied
(Fairly good sample and Bad sample), which indicates the long storage period of the oil sample. However, the mean
values obtained were within the tolerable upper intake level of 2,800mg/Kg (NIS, 1999), beyond this, hypervitaminosis
A and carotenemia disease, sets in.

5. Conclusion

The research findings showed that the peroxide value, FFA value, and beta-carotene content of the ‘Good sample’ falls
within the recommended safe level except for the Deterioration of bleachability index (DOBI) which is far below normal
and p-Anisidine value which is higher than normal. The other two palm oil samples (Fairly good and Bad sample)
assessed have shown from the research result to be of poor quality and may not be good for human consumption and
industrial use since it does not conform to the standard safe level.
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