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Abstract

This paper investigates the influence of green laser (532 nm) radiation on
some physicochemical properties of sesame oil before and after storage pe-
riod of 15 consecutive days. The samples of sesame oil were irradiated with
diode laser beam with wavelength 532 nm and 1 W output power, to duration
times of 10, 20, 30, 40, 50 and 60 minutes, and kept for a storage period of 15
consecutive days along with an untreated control at ambient conditions. Phy-
sicochemical properties like acid value, ester value, free fatty acids, peroxide
value, density, refractive index, viscosity, and moisture of sesame oil were
studied. Fourier transform infrared spectroscopy was used to evaluate the de-
gree of oxidation after irradiation processes. Their properties were compared
at the 1*t and 15" day of storage. Study reveals that green laser irradiation in-
creases ester value, saponification, acid value, free fatty acids, peroxide value,
viscosity and moisture content of sesame oil; while, it slightly changes refrac-
tive index and density. Study also indicates that the storage period of 15 days
decreases the ester value, saponification value, and moisture content; while, it
accelerates acid value, free fatty acid, peroxide value, density viscosity, and
slightly increases the refractive index. Meanwhile, FTIR spectra of the stored
samples revealed a notable difference due to the green laser irradiation and
storage. These results suggest that exposing sesame oil to the green laser ir-
radiation influences their oxidation stability and quality.

Keywords

Edible Oils, Food Irradiation, Physicochemical Characteristics, Quality
Constants, Sesame Qil

1. Introduction

Electromagnetic radiations and electrons are used in food irradiation process,
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whereas, extensive damage was caused to food when treated with some other
types of radiations like neutrons, deuterons and a-rays [1]. Electromagnetic rad-
iation caused various chemical and physical changes when it interacts with ma-
terials [2]. Light plays a photochemical initiator role and is capable to inducing
photochemical reactions when exposed to food [3]. The mechanism of the pho-
tochemical oxidation of vegetable oils has been extensively studied [4] [5]. Re-
cently, several researchers studied the impact of laser matter interaction; which
could happen with metal, tissue, ceramic or food [6] [7] [8] [9] [10].

Irradiation technology usage in food preservation grew a large interest, be-
cause of its efficiency and its potential application. Various benefits are obtained
with the use of irradiation such as protecting meats from pathogenic microor-
ganism and increase their shelf lifetime. Likewise, irradiation produces structural
changes in many nutrients [11]. In addition, irradiation of milk and yoghurt
improves their shelf life [12] [13].

Changes in nutritional and organoleptic characteristics of foods are due to the
carbonyl compounds produced from the interaction of the free radicals formed
by irradiation of unsaturated fatty acids and oxygen. Irradiation plays an impor-
tant role in the storage life of food and enhances the safety by reducing patho-
genic and spoilage microorganisms [14]. Various chemical and physical para-
meters of edible oil are utilized to monitor the compositional quality of oils [15]
[16]. The chemical changes in the oil lead to physical changes like viscosity and
density, darken color, production of foam [17].

Sesame (Sesamum indicum L.) is a source of excellent vegetable oil; it is one of
the highest oil contents (35% - 63%) among oil crops [18] [19]. The presence of
some natural antioxidants such as sesamum, sesamin, sesamolin, and sesamol in
the sesame oil makes them one of the most stable vegetable oils in the world
[20]. The oil of the sesame seed is very resistant to rancidity especially after hy-
drogenation due to the presence of natural antioxidants [21]. Until now, to the
best of our knowledge, researchers studied the effects of different portions of
electromagnetic radiation such as gamma, X-ray, sunlight and infrared on the
physicochemical characteristics of edible oils; but they have not studied the ef-
fect of the single wavelength. In this work, we tried to determine the effect of
green diode laser (532 nm) irradiation on the physicochemical characteristics of

sesame oil before and after storage period of 15 consecutive days.

2. Materials and Methods
2.1. Material

Sesame oil was obtained from the local market in Khartoum, Sudan. Seven sam-
ples of sesame oil were taken with amount of 50 ml for each sample. Then the

following processes were done.

2.2. Laser Irradiation

The irradiation process was done using diode laser (Green Laser Pointer 303,
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China) with a wavelength 532 nm and output power 1 Watt, while the oil sam-
ples were placed in open beaker with a capacity of 100 ml on magnetic stirring at
room temperature. The distance between the oil and the end of the laser was 1
cm. Six samples were exposed to the laser beam at different time durations,
namely 10, 20, 30, 40, 50 and 60 minutes, the seventh one was left to be control

sample with duration time of exposure equal to 0 minutes.

2.3. Physicochemical Properties Characterization

The characterization of the stored and non-stored sesame oil samples physico-
chemical properties: acid value, ester value, free fatty acids, peroxide value, den-
sity, refractive index, viscosity, and moisture; was carried out according to the
methods described in the [22]; All tests were performed in triplicate. The mea-
surement of these parameters was repeated after two weeks storage at ambient
conditions, for radiated and control samples, in order to determine their relative
stability.

2.4. FT-IR Characterization

FT-IR spectra of irradiated and non-radiated sesame oil samples after the storage
period were carried out using a Fourier Transform Infra-Red Spectrometer (IR
Spirit, Shimadzu, Japan). It is used to compare the chemical structure of the ir-
radiated and un-irradiated sesame oils samples after the storage period for mon-

itoring the oxidation process in oils.

3. Results and Dissections

The exposure of oils to sunlight (with its all wavelengths) can induce photooxi-
dation in the oils in two ways: 1) A direct photochemical reaction occurs with
the photons from the high-intensity sunlight rays, being directly absorbed and
causing a change in the oil’s chemical composition [23]. The oil undergoes a
photochemical change, and the C-C bond dissociates into radicals. The free rad-
ical state is unstable and readily reacts with atmospheric triplet oxygen, which
initiates the oxidation of the oil [4]. 2) The second way in which oxidation could
occur is referred to as photosensitised oxidation, which is triggered by the pres-
ence of photosensitisers in oils [24]. In this study, laser irradiation of sesame oil
samples were investigated for the changes in the physicochemical properties like
acid value, ester value, free fatty acids, peroxide value, density, refractive index,
viscosity, and moisture content. The results of these properties were compared at
the 1%t and 15" day of storage.

3.1. Physicochemical Properties

The variations in the effects of laser irradiation durations time on the physical

and chemical characteristics of sesame oil are presented in Figures 1-7.

3.1.1. Results of the Chemical Properties
Figure 1(a) shows that the initial ester value of the sesame oil was 185.29 mg
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Figure 1. Effect of green laser irradiation time on (a) Ester value; (b) Sapo-
nification value of fresh and stored sesame oil.

KOH/g; whereas, after irradiation to 10 minute using laser it slightly decreased
to 185.10 mg KOH/g; when increasing of 532 nm laser irradiation time from 20
to 60 minutes, it gradually increased to the range from 191.52 to 196.63 mg
KOH)/g. After storage period of 15 consecutive days; the ester value of the con-
trol sample raised to 187.91 mg KOH/g; whereas, the ester value of all irradiated

DOI: 10.4236/msce.2022.104001

4 Journal of Materials Science and Chemical Engineering


https://doi.org/10.4236/msce.2022.104001

A. A. Mudawi, A. A. S. Marouf

Acid value
— —un— Fresh Oil +——

1.94 -
18] — e — Stored Oil h
17 ——— ]

"o 164 / \ ]

T ] |

X 44 ]

o)) 4 4

€ 134 -

S 121 ]

g 1.1- -.

% 1.0 = —— -

< 094 ]
0.8 ]
0.7 T d T d T d T d T ) T d T

0 10 20 30 40 50 60
Irradiation Time / min
(@)
FFA

—=—Fresh Oil
0.90-"_'—St0red0i| — 1 v T 1

0.85+
0.80 -
0.75 -

FFA/ mg KOH g

0.35

0.70-.
0.65-.
0.60-.
0.55-.
0.50-.
0.45-.
0A4O-.

10 20 30 40 50 60
Irradiation Time / min
(b)

Figure 2. Effect of green laser irradiation time on (a) Acid value; (b) Free
Fatty Acids (FFA) of fresh and stored sesame oil.

sesame oil samples reduced and became close to the initial value of the sesame

oil 185.29 mg KOH/g.

The obtained saponification value of the oil samples in Figure 1(b), showed
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186.43 mg KOH/g for the control sample before storage and it ranged from
186.42 to 197.95 mg KOH/g for the laser irradiated oil samples. These values are
lying in the expected range of 186 - 195 mg KOH/g for sesame oil as specified by
Codex Standard (2001) [25]. The highest saponification value indicates a high
content of triacylglycerol, consistent with the high ester value [26]; this is why
graph in Figure 1(a) matching graph in Figure 1(b).

Figure 2(a) shows acid values of irradiated and non-irradiated sesame oil
samples; it indicates that the acid value of the control sesame sample found to be
0.9 mg KOH/g oil; which is lower than that reported for Brazzaville-Congo se-
same oil (1.8%) [27]. While the irradiated samples, were very small between 0.99
and 1.26%. All other irradiated sesame oil exhibit acid values greater than the
acid values of the control sample and lies within desirable limits 0.0 - 4.0 mg
KOH/g oil [18]. After the storage period, the acid vale of the control sample
slightly decreased, while the irradiated samples showed acid values higher than
before storage period. It can be noticed that the acid value of irradiated sesame
oil samples before and after storage period lie within the desirable range.

Free fatty acids of the irradiated and control samples before and after storage
period are shown in Figure 2(b). Its value was 0.45% for the control sample and
it ranged from 0.49 up to 0.77% for the irradiated samples. While it decreased to
0.40% for the control sample and ranged from 0.65% - 0.88% for laser irradiated
samples after a storage period of two weeks. The data indicates the increase in
free fatty acids with the presence of radiation due to the photochemical interac-
tion that catalyzed by the visible green laser photons which convert triglycerides
into free fatty acids. Free fatty acids are produced by the hydrolysis of fats in the
presence of water or enzyme lipase during storage [28].

Acid value is the measure of percentage content of free fatty acids (FFAs) in a
substance, and it is an important reference parameter to determine the conser-
vation quality of fat and oils [29]. Acid value of oil is an indicator of hydrolytic
rancidity [30]. The acid value is related with the lipase activity and hydrolysis of
triacylglycerols in the seed [31].

Peroxide value is one of the most widely used tests for oxidative rancidity; it
measured the concentration of peroxides and hydroperoxides formed in the ini-
tial stages of lipid oxidation.

The effect of increasing laser irradiation time on the peroxide value of sesame
oil before and after storage period is presented in Figure 3. It shows that the pe-
roxide values ranged from 4.01 to 11.86 Meq/Kg in fresh oils and from 5.70 to
12.47 in the stored oils. It indicates that the laser initiate oxidation processes in
sesame oil. Peroxide values of all oil samples after the storage period is higher
than they were before the storage period. It is also clear from the data that the
peroxide value increases with increasing radiation durations; this peroxide value
increase can be due to the bond cleavage of sesame oil. Peroxide values for all oil
samples studied showed levels value lower than the (20.0 meq O,/kg) limitation

in the standard for sesame oil. The storage of irradiated lipid food, in the
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Figure 3. Effect of green laser irradiation time on the peroxide value of
fresh and stored sesame oil.

presence of oxygen, accelerates the autoxidation [32]. It has been proved that ir-
radiation accelerates the oxidation of unsaturated fatty acids and cholesterol
during storage of foods [33] [34]. The chemical changes leads to physical changes
as reported by Ku, et al.

3.1.2. Results of the Physical Properties
The chemical changes of the sesame oil samples due to laser radiation processing
and during the storage time lead to some physical changes.

The effect of increasing laser irradiation time on the refractive index of sesame
oil before and after storage period is presented in Figure 4.

Refractive index is an important optical parameter to analyze the light rays
traversing through materials medium. Refractive index can be used as a quality
control technique to identify the adulteration of edible oils. From the obtained
results it is found that laser irradiation slightly affect the refractive index of the
fresh sesame oil samples in the range from 1.4684 to 1.4784. While, it is found
that, refractive index of the stored sesame oil samples higher than it before stor-
ing ranged from 1.4773 to 1.4898, and most of them excesses the recommended
codex standard of 1.469 - 1.479 for sesame oil.

The initial density of the fresh sesame oil was 0.9173 cm™'; when it irradiated
by laser, it ranged between 0.9188 and 0.9157 cm™), it fall in the recommended
codex standard of 0.915 - 0.924 cm™ for sesame oil. While after the storage pe-
riod it increases and ranged from 0.9182 to 0.9272 cm™’, with two samples
slightly excesses the recommended codex standard, see Figure 5.

Figure 6 illustrates the effect of increasing 532 nm laser irradiation time on

the sesame oil viscosity before and after storage. The viscosity of the control
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Figure 5. Effect of green laser irradiation time on the density of fresh and
stored sesame oil.

sample was 61.16 cP, after the stored period it increased to 61.32 cP. Meanwhile,
the viscosity of the irradiated samples increased to range 61.87 to 61.47 cP. After
the stored period it observed that there is a gradually increase in the viscosity
with the increase of the irradiation time of all samples from 61.32 to 62.25 cP.
Viscosity is related to the chemical properties of the oils. The increase in vis-
cosity of emulsions when irradiated can be explained by unavoidable evaporative

loss of volatile contents of oil. Formation of smaller oil micelles during irradia-
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tion not only has physical significance in terms of stability but also has effects on
viscosity. Smaller micelles promote viscous emulsions due to more particle-
particle interactions as a result of a larger interfacial area [35].

The effect of increasing 532 nm laser irradiation time on the sesame oil mois-
ture, before and after the storage period is shown in Figure 7. It is clear from the

data that the moisture of the sesame oil increases with increasing irradiation
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Figure 7. Effect of green laser irradiation time on moisture of fresh and

stored sesame oil.
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Figure 8. FT-IR spectrum of the irradiated sesame oil samples: (a) control (00 minutes); (b) 10 minutes; (c) 20 mi-
nutes; (d) 30 minutes; (e) 40 minutes; (f) 50 minutes; and (g) 60 minutes.

time before and after storage. The moisture of the control sample was 0.29%,
which increased gradually to 1.46% with increasing the irradiation time. Like-
wise, after the storage period the moisture increased gradually from 0.40% in the

control sample up to 1.43% with increasing the irradiation time.

3.2. FIR Results

FT-IR spectroscopy is a very good technique for analysis, as the intensities of the
bands in the spectrum are proportional to concentration. FT-IR spectra of the
control and laser irradiated samples after the storage period are presented in
Figure 8.

It showed that there exists a notable difference in the bands between the con-
trol and laser irradiated samples appeared during the storage period. The spectra
of the stored irradiated oil samples containing several absorption bands, that are
absent from the spectrum of the control sample. The first new band is occurs in
2688.94 cm! shift in the spectra of the high-irradiated samples (40, 50, and 60
minutes). The other new band is appears at 2358.78 cm™, 11417.58 cm™, and
1118.64 cm™.

4. Conclusion

In this paper, the influence of green laser (532 nm) radiation on some physico-
chemical properties of sesame oil before and after storage period of 15 consecu-
tive days was investigated. It was found that the green laser is capable to make
changes in the physicochemical properties of sesame oil different from that oc-
cur by the visible light. Laser irradiation leads to photochemical interactions that
change the chemical and physical properties of the oil. Moreover, storing to pe-

riod of two weeks also caused changes in the physicochemical properties of se-
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same oil. All changes due to laser irradiation fall in the recommended codex
standard (2001). Fourier transform infrared spectroscopy results confirm the

physicochemical changes.
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