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Abstract 

The purpose of this study was to evaluate the occurrence of lipid oxidation in sunflower (Helianthus 

annuus L.) oil extracted from seeds which were irradiated with 3, 6 and 9 kGy of gamma radiation and 

stored for 6 and 12 months. The quality characteristics of extracted sunflower oils acidity value (AV), 

peroxide value (PV), iodine value (IV), saponification value (SV), thiobarbituric acid value (TBA) and 

refractive index (RI)), and color values (L*, a*, b* and E- values) were analyzed. Irradiation doses and 

storage time significantly (p<0.05) increased the AV and PV, and only the storage time significantly 

(p<0.05) increased the TBA value and RI, while both irradiation doses and storage time had no 

significant (p>0.05) effect on IV and SV. Storage time had more pronounced effect on AV, PV, TBA 

and RI than irradiation. Gamma irradiation had a significant (p<0.05) effect on all color parameters of 

sunflower seeds oil including lightness (L*-value), redness (a*-value), yellowness (b*-value), and color 

difference (E). The studied qualitative characteristics were influence by the used doses of gamma 

irradiation. 
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1. Introduction 

Sunflower (Helianthus annuus L.) seeds are a rich 

source of edible oil, and their oil is considered as 

one of the healthiest and popular oils in the world 

[1]. Sunflower oil has been valued as a component 

for spreads in Europe because of its high linoleic 

fatty acid and absence of linolenic fatty acids [2]. It 

is often considered premium oil due to its light 

color, mild flavor, low level of saturated fat and 

ability to withstand high cooking temperature [3].  

Sunflower oil, like other vegetable oils, undergoes 

extensive oxidation due to storing, marketing, or 

processing. Reported literatures have found that 

different processing methods affect the 

physicochemical properties of vegetable oils [4, 5]. 

Hydro-peroxide, which is the major oxidation 

product, decomposes to secondary products. The 

secondary products adversely affect flavor, aroma, 

taste, nutritional value and overall quality of food 

[6, 7]. 

 

The effect of irradiation on locally stored foods is 

of utmost importance and an insight into these 

aspects of storage will help in understanding the 

shelf life of foods as well as its effects on sensitive 

nutrients [8-10]. Irradiation has been shown to 

cause some physicochemical change such as 

reducing viscosity, increasing water solubility, 

acidity, etc. in food [11-15]. 

At present, there are limited or no studies 

concerning the quality characteristics and the 

effects of gamma irradiation of commercial spices 

of oil seeds produced under Syrian conditions. 

Therefore, the aim of the present study was to 

determine the physicochemical properties of oil 

extracted from Syrian sunflower seeds and to 

investigate the effect of middle doses (3, 6 and 9 

kGy) of gamma irradiation in those properties. 
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2. Materials and Methods 

2.1. Treatments and analysis performed  

Syrian cultivated Sunflower seeds were purchased 

from local supermarkets and special shop in 

Damascus, Syria, and exposed to gamma radiation 

at doses of 3, 6 and 9 kGy in a 60CO package 

irradiator. The samples were irradiated at place 

with a dose rate of 7.775 kGy h-1, at room 

temperature and atmospheric pressure [16]. The 

oils from control and irradiated sunflower seeds 

after grinding were extracted by the manual 

Soxhlet apparatus (Scientific Apparatus 

Manufacturing Company, Glas-Col Combo 

Mantle, USA) for 16 h, using distilled AR 

(analytical grade) n-hexane as the solvent [17]. 

Physical and chemical properties of oils extracted 

from irradiated and non-irradiated sunflower seeds 

samples were performed immediately after 

extraction, and after 0, 6 and 12 months of storage.  

2.2. Chemical analysis of oils   

Acidity value (AV) (Oleic acid %) in term of mg 

KOH g-1 oil, peroxide value (PV) in term of mEq 

O2 kg-1 oil, iodine value (IV) in g I2 100 g-1, 

saponification value (SV) in term of mg KOH g-1 

oil sample and the refractive index (RI) at 40 oC 

were determined according to standard methods 

[17]. TBA number (Thiobarbituric acid) in mg 

MDA kg-1 sample was measured according to 

IUPAC direct method [18]. 

2.3. Color measurement 

The color of sunflower oil was measured using 

AvaSpec Spectrometer Version 1, 2 June 2003 

(Avantes, Holland) and expressed as color L* 

(lightness), a* (redness), and b* (yellowness) 

values. Reflectance values were obtained at wave 

length of 568 nm by exposing the samples to the 

illuminant [14]. The reported results (L*, a*, b*) 

are the mean of 9 determination. 

2.4. Statistical analysis 

The four treatments were distributed in a 

completely randomized design with three 

replicates. Data were subjected to the analysis of 

variance test (ANOVA) using the SUPERANOVA 

computer package (Abacus Concepts Inc, 

Berkeley, CA, USA; 1998). The p value of less 

than 0.05 was considered statistically. The degree 

of significance was denoted as: p<0.05*, p<0.01** 

[19]. 

3. Results and discussion       

3.1. Effect of gamma irradiation and storage 

period on acidity value of sunflower seed oil 

The acidity values of oil extracted from gamma 

irradiated and non-irradiated sunflower seeds are 

shown in Table 1. The value of acidity for oil 

extracted from non-irradiated control samples of 

sunflower seeds was 0.88 mg KOH g-1 oil. This 

value is higher than the range (0.11 - 0.51 mg 

KOH g-1 oil) that was reported in the literature for 

sunflower seed oil [20-22]. 

Gamma irradiation treatment increased 

significantly (p<0.05) the acid values, which is due 

to the conversion of triglycerides [23]. These 

results show that the oils under investigation are 

less stable towards radiations and storage, resulting 

in high rancidity. Similar findings were reported 

for the acid values of sunflower and soy bean oil 

[15]  and pumpkin seed [24], which increased 

significantly with high gamma radiation (5 and 20 

kGy). 

The acid value of the oil extracted from non-

irradiated sunflower seed samples increased 

(p<0.01) during the storage. After 12 months of 

storage, the acid value of oil extracted from 

irradiated sunflower seeds was lower (p<0.05) than 

those of non-irradiated ones. Previous work on this 

parameter in walnut and peanut also showed that 

the acidity values increased as irradiation dose and 

storage time increased [9, 16]. The increasing 

acidity in oil after irradiation may be attributed to 

the degradation of large lipid molecules producing 

smaller molecules including free fatty acids. 

3.2. Effect of gamma irradiation and storage 

period on peroxide value of sunflower seed oil 

Table 1 shows the effect of gamma irradiation, and 

storage time on peroxide value (PV) of sunflower 

seed oils. As shown in Table 1, the PV of oil 

extracted from non-irradiated control sample of 

sunflower seeds was 2.45 meq O2 kg-1 oil. This 

value was much lower than that reported in the 

literature for sunflower oil (4.13 - 10.26 meq O2 

kg-1 oil) [20, 23, 25]. However, the peroxide value 

of sunflower seed oil found in this study (2.45 meq 

O2  kg-1 oil) is below the maximum acceptable 

value of 10 meq O2 kg-1 oil set by Codex 

Alimentarius Commission for seed oils [26]. The 

low peroxide value of sunflower oil indicated in 

the present study, suggests that it would be less 
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susceptible to rancidity than other vegetable oils 

[27].   

In this study, both storage time and irradiation 

affected peroxide value of sunflower seed oil. 

Peroxide values were increased significantly 

(p<0.01) in oil extracted from seeds exposed to the 

highest irradiation dose (9 kGy). Also the PV of oil 

extracted from irradiated and non-irradiated 

sunflower seed samples stored for 12 months was 

higher (p<0.01) than that of extracted from the 

same seeds at zero time. 

Present results of the effects of gamma irradiation 

on PV are in agreement with those of Lutfullah et 

al. [23] for sunflower seeds, Al-Bachir [10] for 

pistachio, and Abd El-Aziz and Abd El-Kalk, [24] 

for pumpkin seeds. Makhoul et al. [28] reported 

that, the PV increased in magnitude during the 

storage of sunflower oil. Also, Chemat et al. [4]. 

reported that the peroxide value of sunflower oil 

was increased when it was treated by ultrasound 

wave.  

The lipid oxidation was attributed to the 

combination of free radicals with O2 to form 

hyroperoxides [29]. The oxidative rates of oleic 

acid, linoleic acid and linolenic acid are 1:12:25 

[7]. Sunflower oil has approximately 70% linoleic 

acid and is highly susceptible to lipid oxidation [6]. 

This the reason why the peroxide value increased 

after exposed to irradiation.  

Also the peroxide value is a measure of content of 

hydroperoxide, which is primary oxidation 

product. These results from decomposition of 

hydroperoxide to secondary oxidation products are 

due to irradiation [30]. It is obvious that gamma 

irradiation accelerated the oxidative degradation of 

lipids giving rise to the formation of hexanal, 

which in turn affected product sensory quality [31].  

3.3. Effect of gamma irradiation and storage 

period on TBA value of sunflower seed oil 

Data for TBA number (Thiobarbituric acid) of oil 

extracted from irradiated and non-irradiated 

sunflower seeds are shown in Table 1. The TBA 

value of oil extracted from non-irradiated control 

samples of sunflower seeds was 0.022 mg 

malonaldehyde (MDA) kg-1 oil. The results 

indicated that, irradiation doses (3, 6 and 9 kGy) of 

gamma irradiation had no significant (p>0.05) 

effect on TBA of sunflower seeds oil. Present 

oxidation results of sunflower oil are in general 

agreement with those of Javanmard et al. [32] who 

showed that oxidation value at irradiation dose (up 

to 5 kGy) had no significant change in lipid 

oxidation of chicken meat. On other hand, these 

findings are directly contradictory to those reported 

in previous studies which found significant 

changes in the TBA counts of fermented sausage 

after irradiation [13]. Since there are some 

differences in the experimental designs among the 

previous studies, such as the source of irradiation, 

the properties of the raw materials, and the 

preparation methods of end products, etc. it is not 

easy to compare the results of all previous studies 

with those of this study. However, these 

contradictory findings may reveal the complexity 

in understanding of chemical characteristics of 

irradiated products, which rich in lipid [33]. 

As the storage time increased, TBA as indicator to 

lipid oxidation of sunflower oil increased (Table 1). 

This is in agreement with the study of [28] who 

reported that, the TBA of sunflower oil increased 

upon storage in accord with double bond shifts in 

fatty acids and production of aldehydes though 

decomposition of hydroperoxides formed during 

oxidation of oils.  

3.4. Effect of gamma irradiation and storage period 

on iodine value of sunflower seed oil 

The sunflower seed oil had an iodine value of 

114.78 ± 2.77 g of I2 100 g-1 oil  (Table 2), 

indicating a high degree of un-saturation. The iodine 

value gives a proximate amount of the unsaturated 

fatty acids in any sample oil thereby, providing a 

comparative idea of the saturated fatty acid 

components [34]. This value was higher than 88 g of 

I2 100 g-1 oil reported by Samarth and Mahanwar 

[22]. but lower than (132.31 g of I2 100 g-1 oil that 

indicating by El-kady et al.[35] for Egyptian 

sunflower oil. 

Akinhanmi et al. [36] concluded that oils are 

classified into drying, semi drying and non-drying 

according to their iodine values. The values obtained 

in this studies indicates that sunflower seed oils is 

drying oil since it is higher than 100.  

The results indicated that, both storage time (6 and 

12 months) and irradiation doses (3, 6 and 9 kGy) of 

gamma irradiation had no significant (p>0.05) effect 

on iodine values of sunflower seeds oil. Contrast 

findings were reported by Zeb and Ahmad [15] for 

the iodine value of sunflower and soybean oil which 

decreased significantly with high gamma radiation 

(1, 5 and 20 kGy). Similar results indicated [24] for 
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the iodine value of pumpkin oil which decreased 

significantly with 1, 3, 6 and 10 kGy of gamma 

radiation. Another study reported a decrease in 

iodine value upon irradiation [37]. It was reported 

that both irradiation with 1, 2 and 3 kGy of gamma 

irradiation and storage for 12 months significantly 

(p<0.05) the iodine value of almond kernel [8]. 

pistachio kernel [10]  and peanut seed [9].  
 

Table 1. Effect of gamma irradiation and storage period on biochemical properties of Sunflower oil. 

 

 

Table 2. Effect of gamma irradiation and storage period on biochemical properties of Sunflower oil. 
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3.5. Effect of gamma irradiation and storage 

period on saponification value of sunflower seed 

oil 

The sunflower seed oil had a saponification value 

of 194.02 ± 0.98 mg KOH g-1 oil (Table 2). Similar 

results were reported for Egyptian sunflower seed 

oil (192.6 mg KOH g-1 oil) by [35]. Previous 

studies conducted by [8] revealed a high 

sapnnification value (194.84 mg KOH g-1 oil) of 

almond oil and (193.50 mg KOH g-1 oil) of 

pistachio oil [10]. Higher value of saponofication 

indicates the presence of appreciable quantity of 

longer chain acids. The results clearly indicated 

that sunflower seed oil contained mainly higher 

molecular fatty acids weight i.e C18 and above 

[38]. Saponification value of oil is an index of 

average molecular weight of the triglyceride 

composition of the oil. Values above 200 mg KOH 

g-1 oil indicate the presence of fatty acids of low or 

fairly low molecular weight, while values below 

190 mg KOH g-1 oil is an indication that high 

molecular weight fatty acids is present [39]. The 

results indicated that both storage time (6 and 12 

months) and irradiation doses (3, 6 and 9 kGy) of 

gamma irradiation had no significant (p>0.05) 

effect on saponification value of sunflower seeds 

oil.  

3.6. Effect of gamma irradiation and storage 

period on refractive index of sunflower seed oil 

Refractive index of fat is an important 

characteristics for determining the purity or quality 

of substances. Refractive index of sunflower oil 

extracted from irradiated and non irradiated seeds 

are presented in Table 2. The refractive index 

value of oil extracted from non-irradiated control 

samples of sunflower seeds was 1.464, which was 

slightly lower than 1.475 that  reported by [21] for 

sunflower oils extracted from other variety. 

Regarding irradiation exposure, the increase in the 

radiation doses did not have significant (p>0.05) 

effects on the refractive index of sunflower seed 

oil. Our results are in accordance with the 

previously reported finding of [40] who also did 

not observe any significant change in refractive 

indices between the control and irradiated 

sunflower oils. The results indicated that storage 

periods had an effect on refractive index of 

sunflower seeds oil. A significant (p<0.05) 

increase in refractive index of sunflower oil 

extracted from irradiated and non-irradiated 

samples during storage may be due to the 

exclusion of some saturated fatty acid and / or 

compounds which could affect this property 

[36].The refractive index depend on thermal 

degradation and percentage of polar compounds 

formed during oxidation and hydrolytic reactions 

[41]. Earlier research work Lutfullah et al. [23] 

indicated that 1, 5, 10, 15 and 20 kGy of gamma 

irradiation doses did not have significant effects on 

the refractive index of sunflower and soybean oil. 

3.7. Effect of gamma irradiation and storage 

period on color of sunflower seed oil 

Color parameters of oil extracted from non-

irradiated and irradiated sunflower seeds such as 

lightnes (L*-value), redness (a*-value), yellowness 

(b*-value), and color difference (E), were 

determined (Table 3). Gamma irradiation and 

storage time had a significant (p<0.05) effect on all 

color parameters of sunflower seeds oil. Irradiation 

doses of 6 kGy and 9 kGy affected the lightness 

(L* value) of sunflower seed oil with as they 

presented higher values (p<0.01) than control at 

time zero. After storage, the L*-values of all oil 

samples decreased. At the end of storage time, the 

L*-value of oil extracted from sunflower seeds 

irradiated with 3 kGy were higher (p<0.05), while 

the L*-value of oil extracted from sunflower seeds 

irradiated with 9 kGy were lower (p<0.05) than 

those of control ones. Redness (a*-value) was 

decreased with increasing gamma irradiation dose. 

Higher doses (6 kGy and 9 kGy) had significant 

effects (p<0.05) on a* value. After storage, the a*-

values of all oil samples increased (p<0.05), and at 

the end of storage time the a*-value of oil 

extracted from irradiated sunflower seeds were 

higher (p<0.05) than those of control ones.  

Lower doses of gamma irradiation (3 kGy and 6 

kGy) increased significantly (p<0.05) the b*-value, 

while the higher dose 9 kGy decreased 

significantly (p<0.05) the b*-value of sunflower oil 

than those of control ones.  

Color difference (E) was decreased with lower 

doses (3 kGy and 6 kGy) and had significant effect 

(p<0.05) on E. After storage, the E of all oil 

samples increased. At the end of storage time the 

E of oil extracted from sunflower seeds irradiated 

with 3 kGy and 6 kGy were lower (p<0.05), while 

the E of oil extracted from sunflower seeds 

irradiated with 9 kGy was higher (p<0.05) than 

those of control ones.  
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There is little or no information available in the 

literature in the effect of gamma irradiation on the 

Hunter,s color values of sunflower. However, for 

other plant materials, and in studying the effect of 

irradiation treatment on color properties of licorice, 

Al-Bachir [12] noted that gamma irradiation had no 

effect on the lightness (L*-value) and redness (a*-

value), but the yellowness (b*-value) was less 

intense of licorice root powders extract. Irradiation 

affected the colors of the herbal cosmetic products 

[42] almond [8] peanut [9] and pistachio [10]. 

 

Table 3. Effect of gamma irradiation and storage period on color change of sunflower oil. 

 

4. Conclusion 

Sunflower seed oil exhibits good physical and 

chemical properties that enable it ranks good among 

edible oils. The overall physicochemical properties 

of sunflower oil treated extracted from seeds 

irradiated with up to 9 kGy and stored for up to 12 

months were determined. It was found that, for all 

analyzed samples, the acid value ranged from 0.88 

to 4.59 %, peroxide value ranged from 2.07 to 3.56 

mequiv.g O2 kg-1 of oil, iodine value ranged from 

112.65 to 117.22 g iodine 100 g-1 oil, specification 

value ranged from 190.12 to 195.66 g KOH g-1 oil, 

and Refractive index 1.464 to 1.468, These falls 

within the recommended codex for edible sunflower 

oils (maximum acid value of 10 mg KOH g-1 oil, 

maximum peroxide level of 10 mg KOH g-1 oil, 

peroxide value of 10 mequiv.g O2 kg-1 of oil, iodine 

value ranged from 94 to 122 g iodine 100 g-1 oil, 

specification value ranged from 182 to 194 g KOH 

g-1 oil, and Refractive index 1.467 to 1.471. 

Acknowledgements: The authors wish to express deep 

appreciation to the Director General of the Atomic Energy 

Commission of Syria (AECS) and the staff of the division 

of food irradiation. 

Compliance with Ethics Requirements. Authors 

declare that they respect the journal’s ethics 

requirements. Authors declare that they have no conflict 

of interest and all procedures involving human / or 

animal subjects (if exist) respect the specific regulation 

and standards. 

References  

1.  Kouchebagh SB, Farahvash F, Mirshekari B, Kazem 

Arbat H, Rahimzadeh Khoei F., Seed priming 

techniques may improve grain and oil yields of 

sunflower (Helianthus annuus L.). The Journal of 

animal & Plant Sciences 2014, 24(6), 18663-1863. 

2. Lisk G, Steidley KR, Neff WE., Commercial spreads 

formulation, structure and properties, INFORM 2000, 

11: 982. 

 

 



 

 

 

 

Mahfouz Al-Bachir et al.  / Journal of Agroalimentary Processes and Technologies 2018, 24(3) 

 

 

 

 

 

 

 

 
191 

3. Guinda A, Dobarganes MC, Ruiz-Mendez MV, 

Mancha M., Chemical and physical properties of a 

sunflowers oil with high levels of oleic and palmitic 

acids. European Journal of Lipid Science and 

Technology 2003, 105 (3-4), 130-137. 

4. Chemat F, Grondin I, Costes P, Moutoussamy L, 

Shum Cheong Sing A, Smadja J., High power 

ultrasound effects on lipid oxidation of refined 

sunflower oil. Ultrasonic Sonochemistry 2004, 11, 

281-185.  

5.  Zeng XA, Han Z, Zi ZH., Effects of pulsed electric 

field treatments on quality of peanut oil. Food Control 

2010, 21, 611-614. 

6. Smith, S.A., King, R.E., Min, D.B., Oxidative and 

Thermal stabilities of genetically modified high oleic 

sunflower oil. Food Chemistry 2007, 102, 1208-1213. 

  

7. Min DB, Boff JF., Lipid oxidation of edible oil. In C. 

Akoh and D.B Min (Eds.), Food Lipids 2001, (pp. 

335-363). New York: Marcel Dekker.  

8. AL-Bachir M., Physicochemical properties of oil 

extracts from gamma irradiated almond (Prunus 

amygdalus L.). Innovative Romanian Food 

Biotechnology 2014, 14, 37-45. 

9. AL-Bachir M., Quality characteristics of oil extracted 

from gamma irradiated peanut (Archis hypogea L.). 

Radiation Physics and Chemistry 2015, 106, 56-60. 

10. AL-Bachir M., Studies on the physicochemical 

characteristics of oil extracted from gamma irradiated 

pistachio (Pistacia vera L.). Food Chemistry 2015, 

167, 175-179. 

11.  Afify AM., Rashed MM, Ebtesam AM, El-Beltagi 

HS., Effect of gamma radiation on the lipid profiles of 

soybean, peanut and sesame seed oils. Grasas Y 

Aceites 2013, 64(4), 356-368.  

12. AL-Bachir M, Al-Adawi MA., Comparative effect of 

irradiation and heating on the microbiological 

properties of licorice (Glycyrrhiza glabra L.) root 

powders. International Journal of Radiation Biology 

2015, 91(1), 112-116.   

13. Kim IS, Jo C, Lee KH, Ahn DU, Kang SN., Effect of 

low-level gamma irradiation on the characteristics of 

fermented pork sausage during storage. Radiation 

Physics and Chemistry 2012, 81, 466-472. 

14. Kwon JH, Lee J, Wajea C, Ahn JJ, Kim GR, Chung 

HW, Kim DH, Lee JW, Byun MW, Kim KS, Kim KS, 

Park SH, Lee EJ, Ahn DU., The quality of irradiated 

red ginseng powder following transport from Korea to 

the United States. Radiation Physics and Chemistry 

2009, 78, 643–646. 

15. Zeb A, Ahmad T., The high dose irradiation affect 

quality parameters of edible oils. Pakistan Journal of 

Biological Science 2004, 7,  943-946. 

16. Al-Bachir M., Effect of gamma irradiation on fungal 

load, chemical and sensorycharacteristics of walnuts 

(Juglans regia L.). J. Stored Prod. Res 2004, 40, 355-

362. 

17. AOAC.. Official Methods of Analysis. 15th edn.2010, 

Association of Official Analytical Chemists," 

Washington, D.C. 

18. IUPAC., Determination of 2-thiobarbituric acid Value: 

Direct Method. 1992, Vol. 61, No, 6, PP.1165-1170. 

Standard Methods for the Analysis of Oils, Fats and 

Derivates, 7th edn (Paquot C; Hautffenne A, eds). 

International Union of Pure and Applied Chemistry, 

Blackwell Scientific Publications Inc., Oxford, UK. 

19. Snedecor G, Cochran W., Statistical methods. The 

Iowa State University Press, Ames, Aiwa, 1988, pp: 

221-221. 

20. Haji Hosein M, Ghavami,M, Heidary-Nasab A, 

Gharachorloo M., The effect of bleaching process on 

the physical and chemical characteristics of canola and 

sunflower seed oil. Journal of Food Bioscience and 

Technology 2014, 4(2), 41-44. 

21. Mudawi HA, Elhassan MSM, Suleiman AME., Effect 

of frying process on physicochemical characteristics 

of corn and sunflower oil. Food and Public Health 

2014, 4(4), 181-184. 

22. Samarth NB, Mahanwar PA., Modified vegetable oil 

based additives as a future polmeric materials- review. 

Open Journal of Organic Polymer Materials 2015, 5, 

1-22. 

23. Lutfullah G, Zeb A, Ahmad T, Atta S, Bangash FK., 

Changes in the quality of sunflower and soybean oils 

induced by high doses of gamma radiations. Jour. 

Chem. Soc. Pak 2003, 25(4), 269-275. 

24. Abd El-Aziz AB, Abde El-Kalek HH.. Antimicrobial 

proteins and oil seeds from pumpkin (Cucurbita 

moschata). Nature and Science 2011, 9(3), 105-119. 

25. Bensmira M, Jiang B, Nsabimana C, Jian T., Effect of 

Lavender and Thyme incorporation in sunflower seed 

oil its resistance to frying temperatures. Food 

Research International 2007, 40, 341-346. 

26. Mohammed MI, Hamza ZU., Physicochemical 

properties of oil extracts from sesamum indicum L. 

seeds grown in Jigawa state- Nigeria. J. Appl. Scie. 

Environ. Manage 2008, 12(2), 99-101. 

27. Muhammad C, Ladan MJ, Wasagu RUS., 

Comparative analysis of vegetable oils in Bodinga, 

Skoto State, Nigeria. Bio. Environ. J. Trop 2006, 3(1), 

113-116. 

28. Makhoul H, Ghaddar T, Toufeili I., Identification of 

some rancidity measures at the end of the shelf life of 

sunflower oil. Eur. J. Lipid Sci. Technol 2006, 108, 

143-148. 

29. Gomes HA, Silva EN, Cardello HMAB, Cipolli 

KMVAB., Effect of gamma irradiation on refrigerated 

mechanically deboned chicken meat quality. Meat 

Science 2003, 65, 919-926. 

30. Tan CP, Che Man YB, Jinap S, Yusoff MSA., Effects 

of microwave heatinges on changes in chemical and 

thermal properties of vegetable oils. Journal of 

American Oil Chemists Society 2001, 78, 1227-1232.  

 



 

 

 

 

Mahfouz Al-Bachir et al.  / Journal of Agroalimentary Processes and Technologies 2018, 24(3) 

 

 

 

 

 

 

 

 
192 

31. Mexis SF, Kontominas MG., Effect of gamma 

irradiation on the physicochemical and sensory 

properties of hazelnuts (Corylus avellana L.). 

Radiation Physics and Chemistry 2009, 78, 407-413.   

32. Javanmard M, Ronki N, Bokaie S, Shahhosseini G., 

Effect of gamma irradiation and frozen storage on 

microbial, chemical and sensory quality of chicken 

meat in Iran. Food Control 2006, 17, 469-473. 

33. Yoon KS., Effect of gamma irradiation on the texture 

and microstructure of chicken breast meat. Meat 

science 2003, 63, 273-277. 

34. Ogunbenle HN., Nutritional evaluation of quinoa 

flour. International Journal of Food Science and 

Nutrition 2003, 54, 153-158. 

35. El-kady SA, Abd El-Gawwad AJ, Kassem AE, 

Lasztity R, Hamed MI, Rabie MM., Effect of refining 

on the physical and chemical properties of sunflower 

and soubean oils. Periodica Polytechnica Ser. Chem. 

Eng 1999, 37(3-4), 135-146. 

36. Akinhanmi TF, Atasi VN, Akintokun PO., Chemical 

composition and physicochemical properties of 

cashew nut (Anarcadium occidental) oil and cashew 

nut shell liquid. Agricultural, Food and 

Environmental Sciences 2008, 2(1), 1-10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

37. Khan A, Khan H, Delincee H., DNA comet assay- a 

rapid screening method for detection of irradiated 

cereals and tree nuts. Food Control 2005, 6, 141-146. 

38. Biswas TK, Sana NK, Badal R, Huque EM., 

Biochemical study of some oil seeds (brassica, sesame 

and linseed). Pakistan Journal of Biological Sciences 

2001, 4(8), 1002-1005. 

39. Aremu MO, Akinwumi OD., Extraction, 

compositional and physicochemical characteristics of 

cashew (Anarcadium occidentale) nuts reject oil. 

Asian Journal of Applied Science and Engineering 

2014, 3(1), 33-40. 

40. Yakoob N, Ijaz AB, Farooq A., Muhammad RA., Oil 

quality characteristics of irradiated sunflower and 

maize seed. Eur. J. Lipid Sci. Technol 2010, 112, 488-

495. 

41. Benedito J, Garcia-Perez JV, Carmen DM, Mulet A., 

Rapid evaluation of frying oil degradation using ultra 

sonic technology. Food Res. Int 2007, 40, 406-414. 

42. Neramitmansook N, Chahom M, Prankhogsil P, 

Phianphak W, Keawchoung P., Application of gamma 

irradiation to reduce microbial contamination in herbal 

cosmetic products. Radiation Physics and Chemistry 

2012, 81, 1189-1192. 

 

 


