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Figure 1- Interaction of different concentrations and type of solvents on the amount of phenolic compounds of citron
peel extract in maceration method
The different letters are significantly different (p < 0.05).
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Figure 2- Interaction of different concentrations, time and type of solvents on the amount of phenolic compounds of
citron peel extract in ultrasound method
The different letters are significantly different (p < 0.05).
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Figure 3- Interaction of different concentrations and type of solvent on free radical scavenging activity (DPPH) of
citron peel extract in maceration method
The different letters are significantly different (p < 0.05).
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Figure 4- Interaction of different concentrations, time and type of solvent on free radical scavenging activity (DPPH)
of citron peel extract in ultrasound method
The different letters are significantly different (p < 0.05).
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Table 1- Investigation of compounds detected in the extract of citron peel (Citrus medica L.)

Ingredients of extract of citron peel Tgr (Min) ng/g (ppm)
Naringin 7 407
Hesperidin 7.2 1791
5,7-Dimethoxycoumarin 13 203
Limonin 13.6 607
Nomilin 14 3792
Obacunone 15 226
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Table 2- Compounds identified in the essential oil of citron peel

The name of the composition

Inhibition index

Essential oil content (%)

a-thujene
a-pinene
sabinene
B-pinene
myrcene
a-terpinene
p-cymene
limonene
(2)-p-ocimene
(E)-p-ocimene
y-terpinene
terpinolene
linalool
citronellal
terpinen- 4-ol
a-terpineol
nerol

neral

geraniol
geranial

neryl acetate
geranyl acetate
B-caryophyllene
a-trans-bergamotene
germacrene D
B-bisabolene

935
942
980
984
992
1018
1026
1032
1042
1050
1064
1092
1102
1156
1179
1191
1232
1240
1255
1272
1367
1386
1420
1437
1483
1512

0.5
0.1
0.6
0.9
0.4
0.2
58.3
1
13
16.8
0.8
0.4
0.3
0.3
0.8
1.2
4.8
13
6
1
1.4
1.3
0.4
0.1
0.4
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Table 3- Investigation of chemical properties of sunflower oil

Quantitative chemical parameters

amount

Peroxide number (milliequivalents g / kg)

Refractive index at 25 ° C

Carbonyl number (micromoles per gram)

Oxidative stability index (h)
Polar number (%)

Soap number

lodide number

Free fatty acid (%)

Amount of non-soap compounds (%)

0.48
1.461
8.1
3.48
8.37
190
126.3
<1
2.22
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Figure 5- The peroxide number (meq O2 / kg) of the studied sunflower oil samples during 5 days of storage at 65 ° C
(maceration method)
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Figure 6- The peroxide number (meq O2 / kg) of sunflower oil samples during 5 days of storage at 65 ° C Ultrasound
and essential oil and BHT treatments
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Figure 7- Thiobarbiotic acid index (mg MDA / kg) of the studied sunflower oil samples during 5 days of storage at 65 °
C (maceration extraction method)
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Figure 8- The thiobarbiotic acid index (mg MDA / kg) of the studied sunflower oil samples during 5 days of storage at
65 ° C Ultrasound and essential oil and BHT treatments
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Figure 9- The anisidine index of the studied sunflower oil samples during 5 days of storage at 65 ° C
(maceration method)
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Figure 10- The anisidine index of the studied sunflower oil samples during 5 days of storage at 65 ° C Ultrasound and
essential oil and BHT treatments
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Figure 11- Tutox index changes of the studied sunflower oil samples during 5 days of storage at 65 ° C
(maceration method)
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Figure 12- Tutox index changes of the studied sunflower oil samples during 5 days of storage at 65 ° C Ultrasound and
essential oil and BHT treatments
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Table 3- Comparison of the results of optimal treatments in two extraction methods

Extract extraction method Peroxide index TBA Index Anisidine Index Tutox Index
Treatment by maceration method 4.68 0.5 60.15 69.45
Treatment with ultrasound, essential oil and BHT 36 0.27 43 50.21
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Figure 13- the oxidative stability index of the studied sunflower oil samples during 5 days of storage at 65 ° C
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Abstract

Introduction: Due to the unfavorable effects of synthetic antioxidants, the use of various
sources of plant antioxidants to retard or prevent oxidation of foods, especially oil-based or
fat-based varieties, has today received considerable attention.

Materials and Methods: Inorder to extract the essential oil, water distillation method was
applied and the extract of citron peel was obtained by ultrasound and maceration methods by
using ethanol, methanol and water as solvents. Total phenolic compounds of the extracts and
their antioxidant activities were measured. The chemical compounds in the extract and
essential oil were identified by gas chromatography. Finally, the antioxidant effect on the
stability of sunflower oil was investigated. The stability of oil to oxidation during storage for
5 days at 65 ° C was assessed using peroxide, anisidine, thiobarbituric acid, Tutox values and
oxidative stability index.

Results: The most amounts of phenolic compounds and antioxidant activity was absorved in
ultrasonic-assisted ethanolic extract at 30 min. The extract concentration at 800 ppm was
more effective to radical scavenging than the other concentrations. The major compounds of
citron peel extract were nomilin and hesperidin. The results showed that the peroxide,
anisidine, and totox value had an increasing trend over time. Ultrasonic-assisted ethanolic
extract at 30 min showed the highest OSI.

Conclusion: The results of this study demonstrate the beneficial effects of the essential oil
and extract from citron peel on sunflower oil stability and its superiority over synthetic
antioxidants.

Keywords: Antioxidant, Citron peel, Extraction, Essential oil, Sunflower oil, Thermal
stability.
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