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Abstract

This study compared four widely used edible oils-mustard oil, soybean oil, palm oil, and coconut oil-
based on their physical and chemical characteristics. Density, pH, specific gravity, iodine, peroxide,
acid, and free fatty acid concentration were among the parameters assessed. According to the findings,
coconut oil had the lowest iodine value (11.110 + 0.361), and soybean oil had the highest (124.210 +
0.464). The peroxide value of mustard oil was the lowest (7+1), whereas palm oil had the highest (10 +
1). Soybean oil had the highest acid value and free fatty acid content (3.523 + 0.235, and 3.590+ 0.126,
respectively), while mustard oil had the lowest values (5.069 + 0.058, and 4.093 + 0.029, respectively).
These results imply that compared to the other oils, soybean oil may be more susceptible to rancidity
and spoiling. However, mustard oil had the lowest free fatty acid level, indicating higher quality, when

compared to the other oils.
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1. Introduction

Edible oil is an essential part of our daily diet which
provides energy, and essential fatty acids and serves as a
carrier of fat-soluble vitamins [1]. 10% or should eat
fewer calories per day from saturated fat and 20-35% of
total daily calories come from polyunsaturated and
Monounsaturated fat. In small quantities Saturated fat
diet, is common in meta-analysis. A significant
correlation was found between the high use of saturated
fat and blood LDL Density, a risk factor for
cardiovascular disease will be replaced with saturated fat
polyunsaturated and monounsaturated fats [2]. It is
commonly known how important edible oil is to sectors
of the economy like food, energy, cosmetics,
pharmaceuticals, and lubricants. The physical and
chemical characteristics of several edible oils are
described in the literature [3]. Calculating Physico-
Chemical designing a single process, such as distillation,
a heat exchanger, a furnace, and piping, requires
consideration of the properties of edible oils. The overall
quality and viability of a food technique, on the other
hand, are significantly influenced by physicochemical
qualities [4]. Important Vegetable Oil Qualities include
density, iodine value, acid value, and peroxide value.
The primary elements of a healthy daily diet are
macronutrients like protein, carbs, and fats and
micronutrients like vitamins, minerals, and antioxidants

[5]. To monitor the compositional quality of oil, various
physical and chemical oil composition criteria are used
[6]. To prevent utilizing waste oil, it is crucial to keep an
eye on the quality of the oil. These are physicochemical
criteria that are used to gauge oil performance and
quality. such as density, peroxide value, acid value, and
iodine standard. An excellent sort of cooking oil is one
that has a wide variety of physicochemical parameters
that have been established. We can assess the oil for
people's health, industrial uses, and other factors by
studying its properties. Consumers are strongly
encouraged to use low-density oils [7]. A high acid value
means that the oil's triglycerides have been transformed.
Rancidity of oil is caused by a reaction between fatty
acids and glycerol [8]. Finding out the peroxide value,
oil quality, and stability may serve as indicators.
Measure the period when the rancidity reaction occurred
in storage. Peroxide values rising the rancidity of the oil
is indicated by relative causes of heightened oil
oxidation. Consequently, cooking oil must be provided.
If not, oil may have a low acid value that harms people's
health. Value of iodine measurement unsaturation level
of a fat or vegetable oil. Higher unsaturation increases
the oil's likelihood of going bad [9]. This study aimed to
find and compare the physiochemical properties of four
edible oils based on the local market.
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2. Materials and methods

2.1. Sample collection

Four distinct types of edible oils, such as Mustard oil,
Coconut oil, Palm oil, and Soybean oil, were bought at a
local market in Sylhet City, Bangladesh.

2.2. Density measurement

The following formula was used to calculate the relative
densities of oil samples using a relative density (R.D)
bottle with a 10 ml capacity:

. Mass of the oil sample (M)
Densi =
ty (P) Volume of the R.D bottle (V) g/

2.3. Specific gravity

Specific gravity is the ratio of a material's density to that
of a reference substance; alternatively, it is the ratio of a
substance's mass to that of a reference substance for a
given volume. The ratio of the weight of a volume of the
material to the weight of a volume of a reference
substance is known as apparent specific gravity. It is
evident that when one type of edible oil is replaced with
another, the specific gravity either rises or falls above the
maximum permitted value. A positive link between
specific gravity and the substitution of edible oil can be
seen [10].

2.4. Peroxide value

The peroxide value serves as a guideline. lodine that has
been oxidized is concentrated to make potassium iodide.
A common measure of acetic acid is used to dissolve a
weighted oil sample. The sample is then treated with a
solution of saturated KI and chloroform, and the iodine
content is measured. Release of KI due to its oxidizing
effect. The amount of peroxides determines the type of
oil. 0.1 N sodium thiosulfate starch solution is used as an
indicator during titration. There was titration as well for
blanks [11].

Where PV = Represent the peroxide value(meq O2/kg
oil); S = Volume of sodium thiosulphate consumed by the
sample oil; B = Volume of sodium thiosulphate used for
blank; W = Weight of oil sample; N = the normality of
sodium thiosulphate.

PV=(S—B) X W x N
2.5. Acid value

The definition of acid value (AV) is the quantity of
potassium hydroxide needed in mg. Neutralizes the one
gram of oil's free acids. Direct titration is used to
determine the acid value. Test the oil using alcohol and a
standard potassium hydroxide solution while looking for
the presence of the indicator phenolphthalein [12]. The
equation was used to determine the acid value:

_ 56.1XVxN (mg KOH
m g sample

AV

)

Where, AV = represents the acid value, (mg KOH/g
sample); V = Volume of standard potassium
hydroxide solution, (mL); N = The normality of
potassium hydroxide solution; m = Weight of oil

sample (g)

2.6. Free fatty acid value

The free fatty acid value was calculated using the
acid value. By dividing the acid value by 2, the
FFA content was calculated as oleic acid [13].

%FFA
_ molecular weight of oleic acid X acid value

molecular weight of KOH

100
X [
1000
28.27 X acid value 1
= X —_—
56.11 10
_ acid value
B 2

2.7. lodine value

According to AOAC protocol, the oil's iodine value
was determined [14]. 0.25 grams and so of oil. The
sample was placed in a conical flask along with 10
mL of CCly and 30 mL of Wiz's solution. The
combination was then left to stand for 45 minutes
while being sometimes shaken in the dark. To
remove any free iodine on the stopper, 10 ml of a
10% KI solution and 100 ml of distilled water were
added. The iodine was titrated using a previously
standardized Na»S,0O3 solution, which was added
gradually while being constantly shaken until the
yellow solution almost completely lost its color.
The starch indicator was added in small amounts,
and titration was repeated until the blue hue
completely vanished. The bottle was shaken
erratically in order for the KI solution to absorb any
iodine that was still in the CCls solution. For the
experiment, the amount of Na>S,03 solution needed
was recorded. Along with the sample, a control
experiment was carried out. The following
calculation was used to determine the percentage of
iodine that the oil sample had absorbed.

(B—A)XNx0.127x100
w

Here, B =ml of 0.1N Na»S,03 required by blank; A
= ml of 0.1N Na»S>03 required by oil sample; N =

IV =
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Normality of Na>S,03; W = Weight of oil in g.

Here, B =ml of 0.1N Na»S,03 required by blank; A
= ml of 0.1N Na»S,03 required by oil sample; N =
Normality of Na>S,03; W = Weight of oil in g.

2.8. pH value

A Digital pH meter (Model No. 2211, USA) was
used to determine the pH of each homogenized
extract. The pH was determined by producing a
buffer with a pH of 7.0 and adjusting the
temperature to 28°C. Before placing the electrode
into the sample solution and measuring pH, the

glass electrode was standardized with a standard
buffer.

3. Results and discussion

3.1. Physical and chemical composition of oil

3.1.1. Density

Oils with lower density levels are highly valued by
consumers. The outcomes summarized in Figure 1
reveal that the highest and lowest densities are
0.871 g/ml and 0.848 g/ml for Coconut oil and
Mustard oil respectively. Which was almost similar
to Suresh mustard oil and Jui coconut oil having
0.919 and 0.9076 respectively [15]. The densities of
palm oil and mustard oil are similar and fall within
the ranges described in the literature for these oils
(0.84-0.87 g/cm? and 0.84-0.85 g/cm? for palm oil
respectively [16].
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Figure 1. Density values of sample oil.

3.1.2. Specific gravity value

The Soybean Oil has the highest specific gravity of
0.865+0.011, followed by the Coconut QOil at
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0.866+0.027. Mustard Oil has a specific gravity of
0.835+0.021, and Palm Oil has a specific gravity of
0.845+0.009 which is almost the same compared
with the other edible oil (Figure 2). The literature
states that the specific gravity ranges for coconut,
palm, and soybean oils are, respectively, 0.908 to
0.921, 0.891 to 0.899, and 0.919 to 0.925 [16].
Specific gravity can be observed in the substitution
of edible oil with other types of edible oil, the
specific gravity is increasing or decreasing greater
than the maximum allowable value for the specific
gravity. It can be observed a positive correlation
between the substitution of edible oil and specific
gravity.

Scecific Gravity value of Sample Oils
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Figure 2. Specific gravity value of sample oils.

3.1.3. Iodine value

It is the quantity of iodine that 100 grams of edible
oil can absorb. It serves as an indicator for the
edible oil's level of unsaturation, which is a
characteristic that comes naturally to it [17].
Among the oils studied, soybean oil had the highest
iodine value (124.210+0.464) indicating that it is
most susceptible to oxidation (Figure 3). Despite
having a lower iodine value than soybean oil
(91.850+4.085), mustard oil still has a high level of
iodine. A lower level of unsaturation and a
consequently lower sensitivity to oxidation are
indicated by the palm oil's iodine value of
(51.830+0.295). The lowest degree of unsaturation
and least susceptible to oxidation among the
examined oils is found in coconut oil, which has an
iodine value of (11.110+0.361). Iodine value ranges
for coconut, palm, and soybean oils are reported as
6-11, 50-55, and 124-139, respectively, in the
literature [18].
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Figure 3. The iodine value of sample oils
3.1.4. Acid value

It represents the amount of KOH in milligrams
needed to neutralize the free fatty acids found in
one gram of edible oil. Because it analyzes the
amount of free fatty acids present, it is used to
identify hydrolytic rancidity [19]. The coconut oil
comes in second with an acid value
of (3.328+0.036) while soybean oil has the lowest
acid value at (3.523+0.235). Compared to soybean
and coconut oils, mustard oil has a higher acid value
of (5.069+0.058) When compared to the other oils
examined (Figure 4). Palm oil has the highest acid
value (6.133+0.043), indicating that it has
undergone greater hydrolysis or lipolysis.
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Figure 4. Acid value of sample oils

3.1.5. Free fatty acid value

In this study, the tested oils ranked as follows from
lowest to highest FFA content: Soybean oil
(3.590+0.126), Coconut oil (3.517+0.0181), Palm
oil (3.943+0.022), and Mustard oil (4.093+0.029)
(Figure 5). These results indicate that Soybean and

Coconut oils have undergone the least amount of
hydrolysis/lipolysis compared to the other oils,
while Mustard oil has undergone the most.
According to a study by Dash et al. [20], the FFA
content of the tested oil was found to be 4.07 +
0.02% which was nearly comparable with Mustard
oil.
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Figure 5. Free fatty acid value of sample soils

3.1.6. Peroxide value

Peroxide value (PV) is a measurement of how much
fat or oil has undergone rancidity reactions during
storage and can be used as a sign of the product's
quality and stability [21]. Additionally, it was
discovered that the oil sample samples' peroxide
value increased with storage duration, temperature,
and contact with air. The amount of rancidity in the
oil can be determined by its peroxide value [22].
Ranges of peroxide values are closely connected to
the given standard value of 10 meq/kg by the
Standard Organization of Nigeria (SON) (2000)
and Nigerian Industrial Standard (NIS) (1992) [23].
The studied oils' peroxide values were 12+1 for
mustard oil, 15+1 for soybean oil, 10+1 for palm
oil, and 7#1 for coconut oil (Figure 6). The
peroxide value, which gauges the level of oxidation
in the oil, is a crucial factor in determining the
quality of oils.
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Figure 6. Peroxide value of sample oils.
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High peroxide levels may be an indication that the
oil is rancid or has significantly degraded due to
oxidation. These findings imply that Coconut Oil,
followed by Palm Oil, Mustard Oil, and Soybean
Oil, has the least amount of oxidation. A higher
peroxide value causes the rancidity off-flavor taste,
rancidity, color change, and off-odors and a lower
peroxide value gives the oil better quality. Fresh
oils have peroxide values of less than 10
milliequivalents per kilogram of fat or oil; at
peroxide levels of between 30 and 40
milliequivalents per kilogram, a rancid flavor
becomes apparent [24]

3.1.7. pH value

pH was found in Soybean oil has the lowest pH
value 0of 3.590+0.040, followed by Coconut oil with
a pH of 3.517+0.025 (Figure 7). The Mustard oil
has a pH 0f 4.093+0.015, and the Palm oil has a pH
of 3.943+0.081 which is acidic. If we see the
vegetable oil that is suitable for cooking is typically
neutral in pH and between 6.9 and 6.7 [25]. The pH
of the oil drops as the temperature rises because
FFA is produced when vegetable oil triglycerides
are heated.
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Figure 7. pH value of oil samples.

4. Conclusion

This comparative analysis of edible oils highlights
significant variations in their physico-chemical
properties, which can influence their stability,
quality, and potential applications. The findings
suggest that coconut oil, with its lowest iodine
value, is the least prone to oxidation, making it a
more stable option. Mustard oil exhibited the lowest
peroxide, acid, and free fatty acid values, indicating
superior oxidative stability and quality. In contrast,
soybean oil had the highest iodine, acid, and free
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fatty acid values, suggesting a greater susceptibility
to rancidity and degradation over time. These
insights can help consumers, food manufacturers,
and researchers make informed choices regarding
oil selection based on nutritional quality, shelf life,
and intended use.
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