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ABSTRACT

Knowledge of the acid value (AV), peroxide value (PV), iodine value (IV) and iron concentration
(quality-index variables) in oils is an indication of the edibility of the oil because these are
parameters of oil-deterioration. The semi-processed oil is used to prepare a delicacy called “banga
soup” in the Niger Delta region (Bayelsa State, Nigeria) in the ratio of 7:3 of the oil and other
components. It is also a common practice to eat raw oil directly from the fruit. In this work, the
edibility of raw, semi-processed and completely-processed oils were tested by measuring the
quality-index variables. The raw oil (R-OIL) was obtained by scrapping the oil-bearing out part of
the fruit with plastic knife. Semi-processed oil (SM-OIL) was the skim resulting from the mixture of
milled fruit and hot water. The skim was heat-purified to give the completely processed oil (CP-
OIL). 5g of oil was used for each analysis but the sample for FAAS was digested with aqua regia.
Analyses were done by titrimetric methods for acid value, peroxide value, and iodine value and
FAAS was used to determine the concentration of iron. In the raw oils from both samples (E.
guineensis and E. oleifera), the acid values, peroxide values, iodine values and concentration of
iron were above the recommended maximum Codex Standard for edible oils but values were within
recommended range for the semi- and completely processed oils. The results indicate the non-
edibility of raw oil.
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ACRONYMS

AV- Acid Value; B- Blank; CP-OIL- Completely Processed Oil; FAAS- Flame Atomic Absorption
Spectroscopy; IV- lodine Value; M- Molarity; PV-Peroxide Value; R-OIL-Raw Oil; S- Sample Titre;

SM-OIL- Semi Processed Oil.

1. INTRODUCTION

Lipid oxidation negatively affects taste, aroma,
nutrition, and causes health hazard such as
biological damage to living tissues and increase
in the risk of cardiovascular diseases [1].
Oxidized oil affects the taste of food in which it is
added negatively and also causes some health
problem such as diarrhea and poor growth rate
[2]. Some products of decomposition in used oil
have been identified to have adverse effects on
human health [3-5]. Oils are rich in unsaturated
fatty acids especially linoleic and linolenic [6].
Although the rate of oxidation is greatly
accelerated at higher temperatures, oxidative
reactions that occur at higher temperatures may
not follow precisely the same routes and
mechanisms as the reactions at room
temperatures [7]. Cooking oil deterioration is
accelerated by light, heat, water, acids, enzymes
and micro-organisms. Its effects result in the
formation of off-odors and flavors, reduction or
destruction of essential fatty acids, generation of
glycerol, free fatty acids and toxic products. It
has been established that frying causes oils to
undergo hydrolysis, oxidation and thermal
reaction, and consequently numerous by-
products such as free fatty acids, alcohols, cyclic
compounds, dimmers and polymers can be
produced [8]. Moisture in foods induces and
accelerates oxidation with the hydrolytic
compounds [9]. The content of total polar
compounds and acid value are the most
predominant indicators for oil quality and are
widely used in many international regulations
[10,11]. The aim of this work was to determine
acid value, peroxide value, iodine value and iron
content in raw, semi-processed and completely
processed oils in order to assess their edibility;
because there is an increasing interest of eating
raw and semi-processed oils in Bayelsa State of
Nigeria. The semi-processed oil is used to
prepare a delicacy called “banga soup” in the
Niger Delta region (Bayelsa State, Nigeria) in the
ratio of 7:3 of the oil and other components. It is
also a common practice to eat raw oil directly
from the fruit.

2. EXPERIMENTALS
2.1 Sample Collection and Preparation

The oil was produced by small-scale rural oil-
producing method. It involves threshing of
bunches to free the palm fruit, mashing the fruit
and pressing out the crude palm oil. The crude
palm oil is further treated by heating to purify and
dried for storage.

2.2 Preparation of Raw Oil

The fresh fruit bunch consists of fruit embedded
in spikelets growing on a main stem. Manual
threshing was achieved by cutting the fruit-laden
spikelets from the bunch stem with a machete
and then separating the fruit from the spikelets
by hand. The separated fruits were washed with
water and air-dried. The oil-bearing outer part
was scrapped with plastic knife and the raw oil
was squeezed out. 5 g of this oil (raw oil, R-OIL)
was collected for analysis.

2.3 Preparation of Semi-processed Oil

The separated fruits were cooked in water and
allowed to boil for 10 minutes in order to liquefy
the oil in the fruit cells and facilitate its release
during extraction. The soft fruits were milled by
using mortar and pestle. The milled fruits were
mixed with hot water and boiled to allow the oil to
float and the oil was skimmed off. 5 g of the
skimmed oil (semi-processed oil, SM-OIL) was
collected for analysis.

2.4 Preparation of Completely Processed
Oil

The skimmed oil was further purified by boiling
for about 120 minutes followed by filtration to
give the final product which was designated as
completely processed oil (CP-OIL). 5 g of the
heat-treated and filtered oil weighed for analysis.
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2.5 Acid Value Determination

Solvent mixture of 1/1 (v/v) of 95 per cent (v/v)
ethanol and diethyl ether was prepared.
Potassium hydroxide (0.1 mol/L) solution was
prepared in ethanol. Five grams of oil was
dissolved in 50 ml of the solvent mixture of
ethanol and diethyl ether. Phenolphthalein
solution (0.2 ml) was added and titrated against
potassium hydroxide in ethanol, to pink colour.

The acid value was calculated with Equation 1
below:

AV(mgKOHY/g) = [volume of KOH (ml) x Molarity
x 56.1mg]/[Weight of sample] (1)

The titration was stopped when the colour
persisted for 15 seconds. A blank test was also
carried out.

2.6 Peroxide Value

30 ml of a mixture of chloroform and glacial
acetic acid in a ratio of 2:3 was prepared. 5 g of
oil (test sample) was mixed with this mixture in a
250 ml conical flask and agitated to effect
dissolution of the sample. 0.5 ml of saturated
potassium iodide was added, agitated and 30 ml
of water was also added. This mixture was
titrated against 0.01 M sodium thiosulphate until
the yellow colour almost disappeared.

The peroxide value was calculated with Equation
2 below:

Peroxide value (Meq Peroxide/kg) = [(S - B) x M
x 1000)/[Sample weight] (2)

Where:

S = Sample titre
B = Blank
M = Molarity of sodium thiosulphate

The titration was carried out slowly with vigorous
agitation. A blank titration was also carried out.

2.7 lodine Value

Two grams of oil sample was weighed into a dry
glass stopper bottle of 250 ml capacity and 10 ml
of carbon tetrachloride was added to the oil.
About 20 ml of Wij's solution was then added and
allowed to stand in the dark for 30 minutes. 15 ml
of (10%) potassium iodide and 100 ml of water

was added and then titrated with 0.1 M sodium
thiosulphate solution using starch as indicator
just before the end point.

The iodine value was calculated with Equation 3
below:

lodine value = [(B — S) x N x 12.69]/[ Sample
weight (g)] (3)

Where: B = blank titre value; S = sample titre
value; N = normality of Na,S,03; 12.69 is used to
convert from meqthiosulphate to g iodine;
molecular weight of iodine = 126.9.

A blank was also prepared alongside the oil
samples.

2.8 Iron Concentration

Five grams of oil was digested with acid and the
concentration of iron was determined with flame
atomic  absorption  spectrophotometer as
described by Farzin and Moassesi [12].

All laboratory ware including pipette tips were
cleaned thoroughly with detergent and tap water,
rinsed with distilled water, soaked in dilute nitric
acid then rinsed thoroughly with deionized
distilled water.

The calibration curve was based on five
standards. The Fe standard solutions used for
calibration were freshly prepared by diluting
stock standard solutions (1000 mg/L) in a nitric
acid solution (0.1% v/v) immediately before use.
The calibration curve ranged from (2-10) mg/l of
Fe. This was based on the expected
concentrations of Fe.

5 g samples were digested with 10 ml of
concentrated HNO; (65%) and 2 ml of
concentrated H,O, (30%) in microwave digestion
system for 30 min and finally diluted to 10 ml with
2% HNOj;. All sample solutions were clear. A
blank digest was carried out in the same way.
Digestion conditions for microwave system were
applied as 5 min for 500 W, 5 min for 800 W, 10
min for 1000 W, 10 min for 1300 W, vent: 10 min,
respectively.

Blank solutions were also prepared by using the
same digestion procedure.

Flame atomic absorption spectrometry (FAAS)
(Spectr AA 220, Varian, Australia), equipped with
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deuterium background correction was used for
the determination of Fe. The instrument
parameters for the determination of Fe were:
Wavelength: 248.3(nm); Slit width: 0.2(nm);
Lamp current: 5.0(mA); Fuel gas: Acetylene;
Oxidant gas: Air.

for the
the method

The analytical characteristics
determination of Fe oil from
validation were:

Recovery: 99%; Method detection limit: 0.04
mg/L; Method quantification limit: 0.13 mg/L;
Minimal precision for 10 replicates: 2.2% R.S.D.;
Intermediate precision with analyses carried out
in 1-week periods for 5 weeks: 3.5% R.S.D.

3. RESULTS AND DISCUSSION

The means and standard deviations of triplicate
determinations for the titrimetric and FAAS
analyses of the raw oil (R-OIL), semi-processed
oil (SM-OIL), and completely processed oil (CP-
OIL) in comparison with the Codex standards are

as shown in Table 1. The acid values, peroxide
values, iodine values, and iron concentrations for
CP-OIL were lower than those of the SM-OIL and
those of SM-OIL lower than those of R-OIL. This
trend is seen in both samples (Elaeis guineensis
and Elaeis oleifera). The decreasing trend could
be due to the heating involved in processing the
raw oil towards a completely processed level.
Comparing the Codex Standards for these
quality-index variables in edible oils with the test
results showed that R-OIL values were above the
recommended maximum values while SM-OIL
and CP-OIL values are within acceptable ranges
with respect to the standards. Fig. 1 is bar charts
showing the variation of acid value, peroxide
value, iodine value and iron concentration in raw
oil, semi-processed oil and completely processed
oil for Elaeis guineensis and Elaeis oleifera. It is
clear from the chart that all test variables in semi-
and completely-processed oils were within WHO-
acceptable limits except the raw oil data. R-OIL
should therefore not be taken directly as food;
however, its usefulness still remains in industrial
processes, like in the production of soap.
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Fig. 1. Comparison of AV, PV, IV and Fe in E. guineensis and E. oleifera with the recommended
codex standard for edible oil
AV = acid value (mg KOH/qg oil), PV = peroxide value (mEq of active oxygen/kg oil, IV = iodine value, Fe = iron
concentration (mg/kg)
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Comparing the values for AV, PV and IV gotten
from this study with values gotten from previous
studies (Table 2) shows that the AV for R-OIL in
this study, (12.11+£0.14) mgKOH/g for E.
guineensis and (14.31+£0.32) mgKOH/g for E.
oleifera  were much higher than studies
conducted in Kogi State [13], they recorded a
range of (1.98-3.63) mgKOH/g; Plateau State
[14], they recorded (2.67-4.20) mgKOH/g and
Osun State [15], they recorded (0.77-1.15)
mgKOH/g for crude palm produced by semi-
mechanized mill. However, the results obtained
in this study, though high, were close to results
obtained from other studies conducted in
Bayelsa State [16], they recorded (8.43+0.22)
mgKOHY/g; Delta State [17], they recorded a
range of (7.04-12.24) mgKOH/g and Rivers
State[18], they recorded (8.44-10.30) mgKOH/g.
According to Tagoe et al. [19], the high AV
recorded in this study could have varied from
other studies because of the duration of storage
before analysis, since the AV of processed oil
increases with duration of storage. In essence,
the palm oil in this study must have been kept
longer before analysis than for the other studies.

The PV values obtained in this study (17.00+1.00
and 17.67+0.58) mEq Oj/kg for E. guineensis
and E. oleifera respectively, were higher than
studies conducted in Kogi State [13], they
recorded the recorded (7.1-8.8) mEq Ou/kg;
Delta State [17], they recorded (2.7-4.7) mEq
O,/kg; Osun State [15], they recorded (4.94-6.00)
mEq O,/kg and Rivers state [18], they recorded
(1.20- 1.93) mEq Ozkg. Though, lower when
compared with findings from a similar study
conducted in Bayelsa state by Ohimain et al.
[16]. They recorded (43.90+0.06) mEq O4/kg.

Peroxide value is a measure of oxidation during
storage and the freshness of the lipid matrix [16].
The active oxygen combines with double bonds
of the fatty acids in the triglycerides, which are
useful indicators of the early stages of rancidity
[20]. Qils with high PV could be harmful to
human health due to the free radicals that can be
generated in the oxidative process [19]. It is
therefore a necessity for raw oil to be processed
before consumption.

lodine value is the amount of iodine required to
saturate the unsaturated multiple bonds in one
gram of oil. The iodine value determines the
stability and shelf life of oil. The higher the iodine
value, the shorter the shelf life.

The IV for this study (61.04+0.42) and
(57.14+0.77) for E. guineensis and E. oleifera
respectively, was higher than the values
recorded in other studies (Table 2), though very
close to a similar study conducted in Bayelsa
State [16]. They recorded 51.17+1.78. Also, a
study in Plateau State recorded a range of 46.74-
63.59 [14]. Processing of raw oil is essential to
bring the iodine value within regulatory limits as
to increase the shelf life of the oil.

Comparing the AV, PV, IV and Fe values of R-
OIL for E. guineensis and E. oleifera showed that
E. guineensis<E. oleifera; E. guineensis<E.
oleifera; E. guineensis>E. oleifera and E.
guineensis>E. oleifera for AV, PV, IV and Fe,
respectively. However, applying t-test at 95%
confidence limit showed that there was no
significant difference for PV and Fe, while there
was a significant difference for AV and IV
between E. guineensis and E. oleifera.

C (xi-x)
(11
S|+
o )

2 (n, - 1)s12 +(n, - 1)s22

n+n,-2 5)
Equation 4 enables the calculation of “t” while
Equation 5 is used to calculate the pooled
standard deviation, since the same variation is
expected from both E. guineensis and E. oleifera.
The comparisons of the means of the parameters
studied are as stated in Table 3.

The statistical evaluation of the mean differences
indicates that E. guineensis should be more
unsaturated than E. oleifera, since it has
significantly higher IV and therefore its shelf life
is likely to be shorter.
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Table 1. Values of AV, PV, IV and Fe in raw, semi-processed and completely processed oils

Parameter Elaeis guineensis Elaeis oleifera Codex standard
R-oil SM-oil CP-oil R-oil SM-oil CP-oil

AV(mgKOH/qg) 12.1120.14 6.83+0.20 2.49+0.08 14.31£0.32 8.46+0.46 3.81+0.10 NA

PV (mEq O,/kg) 17.00+£1.00 9.66+0.58 7.33+0.58 17.67+0.58 14.00£1.00 7.33£0.58 15

v 61.06+0.42 53.41+0.72 51.70£0.98 57.14+0.77 54.11+0.49 53.21+0.33  50.0-55.0

Fe (mg/kg) 6.33+0.58 4+0.00 4+0.00 5.67+0.58 4.67+0.58 4.33+0.58 5

R = raw oil; SM = semi-processed oil; CP = completely processed; AV = acid value; PV = peroxide value; IV = jodine value; Fe = iron concentration; NA= not available

Table 2. Comparison of AV, PV and IV obtained from this study with values obtained from other studies

Oil quality This study (meants.d.) Ohimain et al. Akubor and Ogu, Aletoetal. Okechaluetal. Akinolaetal. Ohimainetal. Codex

parameter E. guineensisE. oleifera 2013 [16] 2012 [13] 1990 [17] 2011 [14] 2010 [15] 2012 [18] value
Bayelsa Bayelsa Bayelsa Kogi Delta Plateau Osun Rivers

AV 12.11£0.14  14.31£0.32 8.43+0.22 1.98-3.63 7.04-12.24  2.67-4.20 0.77-1.15 8.44-10.30 -

PV 17.00£1.00 17.67+0.58 43.90+0.06 7.1-8.8 2.70-7.40 23.2-35.5 4.94-6.00 1.20-1.93 15

[\ 61.06+£0.42 57.14+0.77 51.17+1.78 30.4-42.8 - 46.74-63.59 47.42-48.44 - 50-55

AV = acid value(mgKOH/g); PV = peroxide value(mEq Oxkg); IV = iodine value; - = Not Available

Table 3. Comparison of the means of AV, PV, IV and Fe between E. guineensis and E. oleifera

Means and standard deviations Calculated “t” Critical “t” at 95%, dF=4 (2-tailed) Remark

AV X_1=12.1 1 $1=0.14 5.3627 2.776 Significantly different
X,=14.31 $2=0.32

PV X_1=1 7.00 $1=1.00 0.5357 2.776 Not significantly different
X,=17.6 S$2=0.58

v X_1=61 06 5$1=0.42 3.8783 2.776 Significantly different
X,=57.14 S$2=0.77

Fe X_1=6.33 $1=0.58 0.7586 2.776 Not significantly different
X,=5.67 S$2=0.58

X1= E. guineensis; X2= E. oleifera; dF= degree of freedom
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4. CONCLUSION

Following the rate of consumption of raw and
semi processed palm oil in Bayelsa State and
hence the need to ascertain the fitness of these
oils for consumption as food, this study was
conducted by determining the acid value,
peroxide values, iodine values and concentration
of iron in the oils.

The acid values, peroxide values, iodine values,
and concentration of iron of raw oil (R-OIL) were
above recommended maximum values by Codex
Standard for edible oils; therefore raw oil is not
suitable for food, however, it can be used for
other industrial processes, like in the production
of soaps and cosmetics. This information if
adequately cascaded will dissuade locals within
Bayelsa State to stop the habit of eating raw
palm oil. The acid values, peroxide values, iodine
values, and concentration of iron for Semi-
processed oil (SM-OIL), and completely
processed oil (CP-OIL) were within acceptable
ranges, by the same Codex Standard and
therefore fit to be taken as food.

The significantly higher iodine value of E.
guineensis when compared with E. oleifera
indicates that it will be more unsaturated and
would have a shorter shelf life.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Addis PB, Park SW. Role of lipid oxidation
products in artherosclerosis. In: Taylor SL,
Scanlan RA, editors. Food Toxicology: A
perspective on the Relative Risks. Marcel
Dekker, New York; 1989.

2. Sanders T. Nutritional significance of

rancidity in foods, In: Allen JC and
Hamilton J. Applied Sci Pub. New York.
1983;59-66.

3. Boatella-Riera J, Codony R, Rafecas M,
Guardiola F. Recycled cooking oils:
Assessment of risks for public health.
European Parliament. PE 289.889/Fin. St.
3; 2000.

4. Seppanen CM, Sarri-Csallany A.
Formation of 4-hydroxynonenal, a toxic
aldehyde, in soybean oil at frying

10.

11.

12.

13.

14.

15.

619

temperature. J. Am. Oil Chem. Soc.
2002;79:1033-1038.

Romero A, Bastida S, Sanchez-Muniz FJ.
Cyclic fatty acid monomer formation in
domestic frying of frozen foods in
sunflower oil and high oleic acid sunflower
oil without oil replenishment. Food Chem.
Toxicol. 2006;44:1674-1681.

Eskin NAM. Canola oil products: Chemical
and physical properties. Canola Council of
Canada: Winnipeg. 1990;16.

Arif ML, Al-Fatlawi, Abbas NM. Investing
peroxides and acid value in used edible
vegetable oil. The Iraqi J. Agricultural
Sciences. 2010;41(4):123-132.

Tabee E, Jagerstad M, Dutta PC. Frying
quality characteristics of French fries
prepared in refined olive oil and palm olein.
J. Am. Oil Chem. Soc. 2009;86:885-893.
Wei-An Chen, Chihwei P. Chiu, Wei-Chih
Cheng, Chao-Kai Hsu, Meng-l Kuo. Total
polar compounds and acid values of
repeatedly used frying oils measured by
standard and rapid methods. J. Food and
Drug Analysis. 2013;21(1):58-65.

Fritch CW. Measurements of frying fat
deterioration: A brief review. J. Am. Oil
Chem. Soc. 1981;58:272-274.

Firestone D. Regulation of frying fat and
oil. In: Erickson MD, editor. Deep Frying:
Chemistry, Nutrition, and Practical
Applications. 2" ed. AOCS Press, Urbana,
USA. 2007;373-385.

Farzin L, Moassesi ME. Determination of
metal contents in edible vegetable oils
produced in Iran using microwave-assisted
acid digestion. Journal of Applied Chemical
Research. 2014;8(3):35-43.

Akubor P, Ogu GIl. Quality attributes of
fresh palm oil produced from selected
communities around Anyigba, Kogi State,
Nigeria. Nigerian Journal of Nutritional
Sciences. 2012;33(1):12 - 17.

Okechalu JN, Dashen MM, Lar PM,
Okechalu B, Gushop T. Microbiological
quality and chemical characteristics of
palm oil sold within Jos Metropolis, Plateau
State, Nigeria. Journal of Microbiology and
Biotechnology Research. 2011;1(2):107-
112.

Akinola FF, Oguntibeju OO, Adisa AW,
Owojuyigbe OsS. Physico-chemical
properties of palm oil from different palm
local factories in Nigeria. J. Food Agric.
Environ. 2010;8:264-269.



16.

17.

18.

Young and Inengite; BJAST, 6(6): 613-620, 2015; Article no.BJAST.2015.116

Ohimain El, I1zah SC, Fawari AD. Quality
assessment of crude oil produced by semi-
mechanized processor in Bayelsa State,
Nigeria. Discourse Journal of Agriculture
and food Sciences. 2013;1(11):171-181.
Aletor VA, lkhena GA, Egharevba V. The
quality of some locally processed Nigerian
palm oil: An estimation of some critical
variables. Food Chemistry. 1990;36:311-
317.

Ohimain El, Daokoru-Olukole C, lzah SC,
Alaka EE. Assessment of the quality of
crude palm oil produced by smallholder
processors in Rivers State, Nigeria. Niger
J. Agric. Food Environ. 2012;8(2):28-34.

19.

20.

Tagoe SMA, Dickinson MJ, Apetorgbor
MM. Factors influencing quality of palm oil
produced at the cottage industry level in
Ghana. Int. Food Res. J. 2012;19(1):271-
278.

lieh 1l Nwokohuru OW, Ejke CE.
Oxidative stability of red palm oil from two
oil palm varieties — Elaeis guineensis and
Elaeis oleifera: Comparative effects of
storage  temperature and  duration.
Continental J. Food Science and
Technology. 2011;5 (2):18-22.

© 2015 Young and Inengite; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=769&id=5&aid=7688

620



