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Introduction

Edible oils constitutes a chief component of human diets in our daily life to supply essential fatty acids,
energy, and nutrients to human. The nutritional value of edible oils varies depending on the type of oil,
processing methods, extraction techniques, and storage conditions. Generally, edible oils are high in
triacylglycerols with minor compositions. The presence of high amount of unsaturated fatty acids in the structure
of triacylglycerol leads to a reduced shelf life of oils. This is associated to the undesired lipid oxidation that
occurs when unsaturated fatty acids are exposed to light, oxygen, and heat. This is a major concern in food
industry as it might result in undesired food quality deterioration involving reduction of nutritional components
and off-flavors. The demand for nutritious and healthy animal and vegetable oils has been increased with a
growth in population and economic progress. Therefore, researches for functional and nutritious edible oils has
gained world attention on the technology to process edible oils. The use of ultrasound as a new technology in
food processes is increasing due to its potential for changing materials and processing speed. This technique
displays several advantages over conventional techniques in terms of time, energy consumption, and higher
output. Ultrasonic processing is used in the food industry for numerous processes on high lipid containing food
products in cutting, cooking, homogenization/emulsification, and microbial inactivation. The aim of this study
was to investigate the effect of ultrasound time (0, 20, 40 and 60 min) on physicochemical properties of corn oil,
soybean oil and kilka fish oil.

Materials and Methods

Commercial kilka fish oil, corn oil and soybean oilwere purchased from local market. All of the chemicals
and reagents used were analytical reagent grade. Each oil was poured at 250 ml Beaker and then treated with an
ultrasonic probe at a frequency of 20 kHz for a specified period of time. Qil chemical and physical properties
such as acid value (mg/g), peroxide value (meq O2/kg), oxidative stability index (h), thiobarbituric acid value
(mg/kg), conjugated diene value (%), fatty acid composition, fourier transform infrared (FTIR) spectroscopy and
color parameters (L*, a*, b* and AE) were determined. Data analysis was done using SPSS software and
completely random design.

Results and Discussion
The results of this study showed that with increasing the duration of ultrasound, acid value, peroxide value,
TBA value and conjugate diene value, increased and the induction period decreased. On the other hand,
ultrasound treatment led to increase palmitic acid, stearic acid, oleic acid, saturated fatty acids (SFA) and
monounsaturated fatty acid (MUFA), and decrease linoleic acid, linoleic acid (and palmitoleic acid,
eicosapentaenoic acid and docosahexaenoic acid in kilka fish oil), polyunsaturated fatty acid (PUFA),
polyunsaturated fatty acid/saturated fatty acids (PUSFA/SFA), unsaturated fatty acid/saturated fatty acids
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(USFAJ/SFA), Cox value in corn, soybean, and kilka fish oils. Ultrasound did not change the fourier transform
infrared spectroscopy but did change some color parameters. Sonication caused an increase in L* (more
lightness) of corn oil, a decrease in a* (more greenness) of soybean oil, an increase in b* (more yellowness) of
corn and soybean oils, and a decrease in AE compared to control samples. Probably, ultrasound causes
destruction and isomerization of the double bands of pigments and as a result changes in color indices.
According to the results of this study, ultrasound treatment accelerated the oxidation and degradation of oils and
as a result, changed some of the physicochemical properties of the oil, which varied according to the type of oil.
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1- Saturated fatty acids

2- Unsaturated fatty acid

3- Monounsaturated fatty acid
4- Polyunsaturated fatty acid
5- Eicosapentaenoic acid

6- Docosahexaenoic acid
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4w FTIR el (Valand et al., 2020; Peer et al., 2017)
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1- Cox value
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Table 1- Effect of ultrasound on the oxidation indices of different edible oils

o) Q-lo)‘ d-f-:-“' das .\WSI,.' das Wl o,.,: TBA s 59:;..9 ol ¢

oil Time Acid value Peroxide value Ind_uctlon TBA number anjugated
(min) (mg/g) (meq O2/kg) period (h) (mg/kg) diene (%)

) Control 0.29+0.04 f 321+0.25¢e 20.15+0.01a 0.09 +0.00 f 0.24+0.01i

Corn 20 0.31+0.05e 345+050e 19.14+0.00b 0.17+0.10f 031+0.01¢g

40 0.33+0.05d 11.31+042a 18.80+0.00c 042+046c 1.32+0.00d

60 0.34+0.06 d 7.39+054c 18.40+0.02d 048+0.00c 1.15+0.00e

gus Control  0.27+0.00 g 244 +051f 1414 +0.00 e 0.19+0.00f 0.19+0.00]

Soybean 20 0.29+0.01f 299+049f 13.49+0.01f 0.24+0.01e 0.24+0.00 i

40 0.32+0.01d 3.67+0.25¢ 12.87+0.01¢ 0.30+0.03d 0.28+0.00h

60 0.34+0.02d 4.99+0.00d 12.65+0.00 h 0.38+0.06 ¢ 0.39+£0.00 f

ol Control 232+£0.02c 246 +£049f 1.13+£0.021i 0.64+0.00b 6.53+0.04b

Fish 20 2.38+0.01b 4.30+0.57d 0.75+0.02 1.12+£0.35b 6.53+0.00c

40 242 +0.00a 9.95+0.97b 0.55+0.03 k 144 +0.52 a 6.62 £0.03 b

60 245+0.00a 11.93+0.01a 0.44+£0.01k 1.62+0.50 a 6.81+0.05a

Soysi)biss Aol dae = TBA e #

(P < 10) sl Hlo pize BB 2959 pas oIS ¢ygitw yo 5D dldie S5 55 By >

* TBA number = Thiobarbituric acid number

* Similar lowercase letters in each column indicate the absence of significant differences (p<0.05).

il STy sBrtey wp Sl cuS 5y Ggolyd pit Y Jgua
Table 2- The effect of ultrasound on the composition of fatty acids of different edible oils

95 e by 2l
Oil Corn Soybean Fish
Time (min)
. 0 20 40 60 0 20 40 0 20 40 60
olej
Fatty acid
@yl
C 16:0 12,00 1257 1281 1293 9.40 1047 10.30 11.00 18.00 18.04 18.15 18.32
Cc16:1 921 920 870 844
C18:.0 210 2.08 232 243 385 387 387 432 190 214 212 213
cis1 3351 3386 3575 35.73 2520 25.36 26.14 26.62 26.42 2713 27.84 28.33
Cc18:2 49.74 4891 4759 47.66 51.80 50.88 50.02 49.68 823 801 759 6.86
c18:3 131 112 080 0.62 513 476 443 3.95 215 201 190 1.72
C 20:5 (EPA) 720 6.61 6.25 588
C 22:6 (DHA) 751 643 598 536
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Table 3- Effect of ultrasound on the fatty acid indices of different edible oils

o9, oy Lo 2l
Oil Corn Soybean Fish
Time (min) 0 20 40 60 0 20 40 60 0 20 40 60
olej
SFA 1471 1535 1560 15.87 1432 1531 15.18 16.34 23.70 25.02 2516 25.71
MUFA 3371 3387 3585 35.85 2528 2544 2622 26.71 35.63 36.33 3654 36.77
PUFA 51.05 50.03 4839 48.28 56.93 55.64 54.45 53.63 2959 27.61 26.21 24.27
USFA 84.76 83.90 84.24 84.13 82.21 81.08 80.67 80.34 65.22 63.94 62.75 61.04
PUFA/SFA 347 326 310 304 398 363 359 3.28 125 110 1.04 094
USFA/SFA 576 547 540 5.30 574 530 531 492 275 256 249 237
Cox value 574 562 543 5.40 6.70 6.52 6.37 6.24 1.58 1.53 1.47 1.36

elilpe o dul = USFA glusly i Oy sl = PUFA ¢lile S o jn ol = MUFA ¢lusl O apl = SFA =

* SFA = saturated fatty acid, MUFA = monounsaturated fatty acid, PUFA = polyunsaturated fatty acid, USFA = unsaturated fatty
acid
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Corn-60 min Ultraound Cigeslyd alds e &3

Soybean-control J=5 Lgw

125 4

105 4

85 A

45

Soybean-20 min Ultraound Sigelpdalds Yo Lgw

Soybean-40 min Ultraound Sgelpdalds £+ Lgw

Soybean-60 min Ultraound igelpdalds s Lgw

Fish-control J,=5 _ale

Fish-20 min Ultraound Sgelydaidz e 2l

Fish-40 min Ultraound ogolydalds £+ Ll

Fish-60 min Ultraound <gelyd aldss Ll
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Fig. 1. Effect of ultrasound on FTIR spectroscopy of corn, soybean and fish oils
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Table 4- Effect of ultrasound on the color indices of different edible oils

. ) Ny sl
‘}c.” . ‘:’b)_ Color indicators
Oil Time (min) L a b AE
Control 1299+0.00e -1.04+£0.15e 0.99+0.33e 0.74x0.07c
I 20 1438+050c -0.80+0.05d 1.09+0.08d 0.59+0.16c
Corn 40 16.09+0.24a -090+024d 144+001c 0.36+0.13e
60 1526 £0.63b -1.04+052e 144+006c 090+0.16b
Control 1472+0.02c -049+04la 121+017d 0.67+0.14c
b guo 20 15.05+0.15b -0.71+058d 1.12+0.09d 0.65+0.16¢
Soybean 40 1355+0.04d -0.79+0.07d 1.61+072b 092+0.14b
60 13.58+0.60d -094+0.34d 1.62+021b 0.66+0.09¢c
Control 1382+1.14d -125+0.02e 3.01+009a 1.12%0.16a
ol 20 1581+0.010b 0.35+02la 131+0.08c 059+0.07c
Fish 40 1299+0.26e 0.07+0.22b 1.75+0.19b 0.37+0.28¢e
60 1243+0.04f -048+0.33c 366+0.67a 0.51+£0.09d

W ‘_J/L;J))' o) LS b* o ol (308 0 dimd L5 AF ( slidg) oyl L* %

(P < 1+0) Canl Hlo pize BB 2959 pas 0B ¢ygiw B 1D dldie S5 By >
* L* indicates brightness, a* indicates redness/greenness, b* indicates yellowness/blueness.
* Similar lowercase letters in each column indicate the absence of significant differences (P<0.05).
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