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Abstract

This study was conducted to investigate the impacts of gamma irradiation treatments at different doses
(0, 10, 20 and 30 kGy) on the quality attributes of thyme meal oil (ThMO). The fatty acid (FA) profile
was determined using a gas chromatography-flame ionization detector analysis. Linoleic acid (C18:2)
contents of ThMO changed between 44.21 (irradiated with 30 kGy) and 45.10% (control). Oleic acid
(C18:1) contents of ThMO varied between 39.76 (irradiated with 30 kGy) and 39.10% (control).
Palmitic acid (C16:0) of ThMO varied between 9.69% (control) and 10.21% (irradiated with 20 kGy).
Stearic acid (C18:0) of ThMO varied between 5.08% (control) and 4.79% (irradiated with 10 kGy).
Linoleic acid (C18:3) of ThMO varied between 1.04% (control) and 1.23% (irradiated with 30 kGy).
Irradiation treatment caused irregular changes in the contents of individual FAs. In general, the results
showed that gamma irradiation and storage of ThM had no insignificant (P > 0.05) effect on the

individual FAs present in ThMO.
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1. Introduction

In recent years, nutrition has been believed to play a
very important role in preventing many diseases [1].
Widespread pro-health awareness, as well as the
constantly increasing consumer interest in healthy
lifestyles and healthy diets, induces food
manufacturers to search for little-known plant
species whose edible parts have specific pro-health
properties [2,3]. One such plant is the common
thyme (Thymus vulgaris L.), which is native to
Mediterranean region, and as a valued crop and an
important agricultural product both in industry as a
food ingredient and in human nutrition and health in
terms of its role as a functional food [4,5,6]. Thyme
meal (ThM) is considered to be the staple food for
most people in Syria an regional countries, which is
high in dietary fiber, protein, and significant
amounts of edible vegetable oil. For the food
preparation, only the leaves and the aerial part of
thyme are used [1]. The leaves of Thymus vulgaris
have been of interest worldwide due to the
nutritional properties of the natural product (raw
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and dried leaves) and the pharmaceutical properties
of derivatives, such as dried plants and its extracts

[71.

Vegetable oil is defined by its fatty acid (FA)
composition, which considered important criteria
for quality of oils and their health benefits [8,9].
Thyme oil contains phenolic compounds and has
antimicrobial properties [4]. Fats, fatty acids and
their metabolic secondary products have various
significant functions in the human metabolism [10].
Vegetable oils are recommended for healthy life due
to their high content of unsaturated fatty acids
(UFA) namely polyunsaturated fatty acids (PUFA)
[11]. However, PUFA cannot be synthesized in the
human body, they are called essential fatty acids
and play significant roles in the human metabolism
[12,13]. Traditional oils and fats are very limited in
their chemical constitution as their triglycerides
mainly comprise stearic (C18:0), oleic (C18:1) and
linoleic (C18:3) acids [14].

The current century has witnessed innovations and
techniques that have been introduced in the field of
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food preservation in human study [15]. Today,
irradiation techniques play an important role in food
preservation, in which offers a potential benefit to
enhance safety of food, and accept nutritional and
sensory quality through losses reduction and
extending their shelf-life [16,17]. Although
irradiation treatments was proven to be useful in
extending the shelf life of many food products [18-
22].

However information regarding gamma irradiation
treatments and its impact on the chemical
composition namely on the fatty acid (FA)
compositions of thyme meal oil (ThMO) are scarce.
Therefore, the major purpose of the present study
was to evaluate the effect of gamma irradiation on
the FA profile of oil extracted from thyme meal
(ThM) samples irradiated at various gamma
irradiation doses.

2. Materials and Method
2.1. Thyme meal preparation

A study was conducted on thyme meal (ThM)
produced in 2017. ThMs were a kind gift from Sedi
Hisham (Al-Akkad Company for industry and trade
Syria-Damascus countryside). ThM is traditional
local Syrian ethnic ready to eat meals, consisting of
several dried ingredients such as sesame, thyme
leaves, sumac, coriander, aniseed, fennel, cumin,
pistachio, vegetable oil, salt and caraway. ThMs
were weighed as in the sampling plan and
transferred into  polyethylene  pouches  for
irradiation. Each pouch of ThM (500 g) was
considered as a replicate. The determinations were
made in triplicate for each treatments.

2.2. Irradiation treatment

Thyme meal samples were treated at doses 10, 20
and 30 kGy of gamma irradiation at dose rate of
7.775 kGy h?, using a cobalt-60 source %°Co
(ROBO, Russa) located at the radiation technology
department of Syrian Atomic Energy Commission
(SAEC). The absorbed dose was monitored by
alcoholic  chlorobenzene dosimeter [1]. The
irradiated samples were then stored in polyethylene
bags at laboratory conditions (18-25 °C), relative
humidity (RH) (50-70%) along with the control (O
kGy) for 12 months.

2.3. Oil extraction

The oils from control and irradiated ThM after
mixing and grinding were extracted by the manual
Soxhlet apparatus (Scientific Apparatus
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Manufacturing Company, Glas-Col Combo Mantle,
USA) for 16 h, using distilled n-hexane, grade of
analytical reagents (AR), as the solvent [23].
Physical and chemical properties of oils extracted
from irradiated and non-irradiated ThM samples
were performed immediately after irradiation, and
after 6 and 12 months of storage.

2.4. Fatty acids (FA) determination

Fatty acid compositions of the ThM samples were
carried out using the method described by Al-Bachir
[22]. FA composition of the samples which convert
to methyl ester were analyzed by the model of 17
Shimadzu gas chromatography apparatus (Shimadzu
Corp., Koyoto, Japan) equipped with a flame
ionization detector and a capillary column (CBP20-
S25- 050, Shimadzu, Australia). Fatty acid was
identified by comparison of retention times of
known standards. The results were expressed as ¢
fatty acid 100 g* total fatty acids (%) by means of
the CLASS — VP 4.3 program (Shimadzu Scientific
Instruments, Inc., Columbia, MD).

2.5. Statistical analysis

All data were analyzed by analysis of variance test
(ANOVA) using the SUPERANOVA computer
package (Abacus Concepts Inc, Berkeley, CA,
USA; 1998), and significant differences (p value of
less than 0.05) among means was determined using
Duncan’s test.

3. Results and Discussion

The higher total lipid content found in the ThM
(42.38% data not published) could be interesting
since ThM have been identified as a good source of
oil, which is rich in healthy polyunsaturated fatty
acids (PUFA), i.e. about 60-67% of total fatty acids.

3.1. Fatty acid composition of ThMO

The determination of each fatty acids (FAs) of
thyme meal oil (ThMO) was carried out by gas
chromatography. The FA profiles of total lipids
extracted from thyme meal (ThM) are shown in
Table 1 and Figure 1. Linoleic acid (C18:2) was
consistently present in the highest quantity with
averaged 45.10% of the total FA. The FA existing
in second highest quantity was oleic acid (C18:1),
showing 39.10% on the average followed by
palmitic acid (C16:0), showing 9.69%, stearic acid
(C18:0) showing 5.08%, and linoleic acid (C18:3)
showing 1.04%. Majority of lipids in the ThMO
were USFA, with linoleic being the most abundant
(45.5%), followed by oleic acid (39.10%).
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Figure 1. Fatty acids contents of thyme oil

The linoleic acid amount in ThMO (45.10%) is
much higher when compared to other vegetable oils
such as peanut oil (36.90%) [22], almond oail
(21.07%) [18], pistachio oil (13.4-50.36%) [20], and
olive oil (10.31%) [16]. ThMO has high oleic and
linoleic USFA contents and low palmitic and stearic
SFA. Therefore, ThMO considered a good source of
FA which has multiple benefits for human health
[18].

However, UFAs like oleic, linoleic and linolenic
acids are fundamental in the human diet as they
can't be produced by animal metabolism [18,24].
Linoleic acid (C18:2) content had the highest ratio
(45.10%) which is found in ThM is essential FA
that is vital in the maintenance of some key
physiological functions of the human body. These
FA compositions are recognized for their health-
promoting capacity, which in turn results in low
blood pressure and beneficial effects on heart-
related diseases [25]. Konuskan et al. [26] stated
that linoleic acid is essential for human body to
maintain the integrity of the skin, cell membranes,
the immune system, and eicosanoids synthesis.

Besides, the variation of the ratio MUFA/ PUFA
may affect the oil shelf-life. The effect of FAs on
stability depends mainly on their degree of un-
saturation and, to a lesser degree, on the position of
the unsaturated functions within the triacylglycerol
molecule [27]. This study showed that the major
type of FA in ThM was UFA (85.24%), namely
PUFA (46.14%). While the amount of SFA and
UFAJ/SFA ratio of the same sample was found in
level of 14.24% and 5.77 respectively. These results
on ThMO is in agreement with the results of most
previous investigator, who have dealt with FAs
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existing in ThMO. Al-Bachir [21] indicated that
irradiation dose of 9 kGy had little effects on the FA
content of peanut seed. Alvites-Misajela et al. [28]
reported that ThMO showed low SFA contents
(>15%).

Also, ThMO was characterized by a high UFA/SFA
ratio, which is highly favorable for the reduction of
serum cholesterol and atherosclerosis, and the
prevention of cardiovascular disease [29]. As shown
in Table 2, the UFA/SFA ratio of ThMO was 5.77.
Thus, the incorporation of ThM into the diet could
bring great health beneficial effects to the
cardiovascular system due to the high content of
UFA namely PUFAs. It is apparent that higher the
unsaturation of FAs the higher is their oxidation
potential. Some research has indicated that animal
feed with plants of high PUFA content can increase
the level of PUFA in meat fats, as well as aroma and
flavour [13].

3.2. Effect of gamma irradiation and storage time
on ThMO

The effect of different doses of gamma rays and
storage periods on the FA contents of ThMO is pre-
sented in Table 1. Irradiation treatment caused
irregular changes in the contents of individual FAs.
In general, the results showed that gamma
irradiation of ThM at different doses had
insignificant (P > 0.05) effect on the individual FAs
present in ThMO. Also, as for FA composition, no
significant differences were observed by the storage
(Table 1). Statistically significant (P > 0.05)
differences were not observed among stearic acid
(C18:0), oleic acid (C18:1), and linoleic acid
(C18:2) values of oil irradiated at 0, 10, 20 and 30
kGy. While, significant differences (P > 0.05) were
observed among palmitic acid (C16:0), and
linolenic acid (C18:3) values of oil irradiated at O,
20 and 30 kGy.

Gamma irradiation significantly increased (p<0.01)
the SFA and decreased (p<0.01) the UFA. These

results indicated that irradiation induced
decomposition of the UFAs. The results of this
study indicate  that irradiation  induced

decomposition of the UFAs. Free radicals generated
by irradiation react with the double bonds of FAs
[16]. We found no study in the literature on the
effect of irradiation on FA composition of the
ThMO. However, Al-Bachir [22], Barreto et al.
[30], Musa Ozcan et al. [31], Abbas et al. [32]
studied the effects of heat microwave and gamma
irradiation treatment on oil seeds, and reported a
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addition, Abbas et al. [32] have heated corn oil in
microwave for different watts and times and the
results obtained showed that the content of linoleic
acid in the corn oil was reduced.

change in the FA composition of the seed oil
through the effect of microwave and irradiation
treatment. Also, Majid et al. [33] reported that the
content of MUFA varies slightly depending on the
heat treatment and the ratio of PUFA decreased. In

Table 1. Effect of gamma irradiation and storage period on fatty acid content (%) of thyme oil

Treatments Control 10 KGY 20 KGY 30 KGY P-level
Storage period/ (Months) C16:0
0 9.69+0.048 9.75+0.120A 10.21+0.483A 9.69+0.08PA **
6 9.97+0.12%A 9.87+0.0320A 9.71+0.08°® 9.80+0.10PA **
12 9.90+0.20%4 9.82+0.07%4 9.76+0.06% 9.82+0.21%A NS
P-level * NS * NS
C18:0
0 5.08+0.12%A 4.79+0.45% 4.88+0.50% 5.11+0.34%A NS
6 4.56+0.68% 4.59+0.25% 4.99+0.1234 4.78+0.59% NS
12 4.46+0.513A 4.42+0.543A 4.50+0.45%4 4.56+0.913A NS
P-level NS NS NS NS
C18:1
0 39.10+0.11bA 39.37+0.232bA 39.27+0.644 39.7610.43%A NS
38.89+0.320A 39.29+0.10%A 39.44+0.28%A 39.11+0.22208 *
12 39.13+0.94%A 39.68+0.573A 39.57+0.223A 39.65+0.543A8 NS
P-level NS NS NS NS
C18:2
0 45.10+0.072A 45.08+0.38%4 44.44+0.45P8 44.21+0.13%A NS
45.29+0.423A 44,970,174 44.7320.17°A 44.90+0.3320A NS
12 45.12+0.94%A 44.93+0.80%4 45.12+0.543A8 44.82+0.823A NS
P-level NS NS NS NS
C18:3
0 1.04+0.14°B 1.01+0.23¢8 1.20+0.1620A 1.23+0.0328 *
1.29+0.0820AB 1.27+0.050A 1.13+0.09% 1.41+0.123A *x
12 1.40+0.300A 1.15+0.110AB 1.05+0.050A 1.16+0.14°8 *
P-level NS NS NS **

3¢ Means values in the same column not sharing a superscript are significantly different.
ABC Means values in the same row not sharing a superscript are significantly different.

NS: not significant.

* Significant at p<0.05.
** Significant at p<0.01.
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Table 2. Effect of gamma irradiation and storage period on total saturated fatty acids (SFA), unsaturated fatty acids

(UFA) and (UFAJSFA) of thyme oil (%)

Treatment Control 10 KGY 20 KGY 30 KGY P-level
Storage period/ (Months) SFA
0 14.77+0.1320A 14.55+0.36°A 15.09+0.332A 14.80+0.3620A *
6 14.53+0.763 14.47+0.223A 14.70+0.0628 14.58+0.53% NS
12 14.36+0.643A 14.24+0.483A 14.26+0.39248 14.38+0.743A NS
P-level NS NS wx NS
UFA
0 85.24+0.1320A 85.46+0.36%A 84.91+0.33%8 85.21+0.3620A *
85.47+0.76%A 85.53+0.223A 85.30+0.063A8 85.42+0.53%A NS
12 85.650.644 85.76+0.482A 85.74+0.392A 85.62+0.743A NS
P-level NS NS ** NS
PUFA
0 46.140.162A 46.09+0.30%4 45,64+0.600A 45.44+0.15P8 *
46.58+0.48%A 46.2410.12%A 45.86+0.240A 46.32+0.40%°A NS
12 46.52+1.16%4 46.08+0.812A 46.17+0.54%A 45.98+0.75%A8 NS
P-level NS NS wx NS
UFA/SFA
0 5.77+0.06%A 5.88+0.17%A 5.63+0.15P8 5.76+0.1730A *
5.90+0.382A 5.91+0.11%4 5.80+0.03%8 5.87+0.26%A NS
12 5.98+0.30%A 6.03+£0.24%A 6.02+0.1924 5.97+0.382A NS
P-level NS NS * NS
PUFA/SFA
0 3.13+0.04%A 3.17+0.10%A 3.03+0.08® 3.07+0.070A *
3.21+0.21%4 3.20+0.06%4 3.12+0.01348 3.18+0.15%A NS
12 3.25+0.20%4 3.24+0.15%4 3.24+0.13% 3.21+0.223A NS
P-level NS NS * NS

abc Means values in the same column not sharing a superscript are significantly different.

ABC Means values in the same row not sharing a superscript are significantly different.

NS: not significant.
* Significant at p<0.05.
** Significant at p<0.01.

Our results, in general, are in agreement with those
of Al-Bachir [18], Al-Bachir [19], and Zoumpoulaki
et al. [34] who reported an increase in SFA content
and a decrease in MUFA and PUFA content due to
irradiation of almond kernel oil, peanut seed oil and
sesame oil. Another study suggested that, the
decrease in UFAs during the irradiation exposure of
oil was mainly due to a molecular structure change
in FAs [19]. On other hand, irradiation of sesame,
peanut and sunflower seeds at doses of 3, 6 and 9
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kGy did not significantly affect the FAs
percentages. However, the UFAs, SFAs and the
ratio of SFAs to UFAs (TU/TS) were changed upon
irradiation [22].

4, Conclusion

Linoleic acid (C18:2), oleic acid (C18:1), palmitic
acid (C16:0), stearic acid (C18:0), and linolenic acid
(C18:3) were the main components of the ThMO.
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We concluded that ThMO properties are beneficial
for human health.

In the present study gamma irradiation and storage
time did not cause any significant change in ThMO
samples. This study shows the efficiency of gamma
irradiation as a processing technology for
maintaining the overall quality of irradiated ThM
samples.

The present study demonstrated that the effect of
gamma irradiation and storage on the fatty acid
profile of ThRMO was minimized. Therefore, ThMO
is stable agent gamma irradiation treatment and
storage time.

Acknowledgements. The author wish to express his deep
appreciation to the Director General of the Atomic
Energy Commission of Syria and the staff of food
irradiation division. Author also thanks to Mr. Yahya Al-
Akkad to his helps for preparation and (supplying)
providing the necessary thyme meal.

Compliance with Ethics Requirements. Authors
declare that they respect the journal’s ethics
requirements. Authors declare that they have no conflict
of interest.

References

1. Al-Bachir, M., Microbial profile of gamma irradiated
thyme; cold prepared meal, Journal of
Agroalimentary Processes and Technologies 2019, 25
(1), 1-9.

2. Kazimierski, M.; Regula, J.; Molska, M., Cornelian
cherry (Cornus mas L.) — characteristics, nutritional
and pro-health properties, Acta Sci. Pol. Technol.
Aliment. 2019, 18(1), 5-12.
http://dx.doi.org/10.17306/J.AFS.2019.0628.

3. Catunescu, G.M.; Rotar, I.; Vidican, R.; Rotar, A.M.,
Effect of cold storage on antioxidants from minimally
processed herbs, Scientific Bulletin. Series F,
Biotechnologies 2017, 21, 121-126.

4. Pawelec, K.; Kulpa, D.; Siwek, H., Callus culture of
common thyme (Thymus vulgaris L.), World Science
News, 2017, 74, 94-105.

5. Jayasena, D.D.; Jo, C., Potential application of
essential oils as natural antioxidants in meat and meat
products: A review, Food Rev. Int. 2014, 30, 71-90.

6. Janiak, M.A.; Slavova-Kazakova, A.; Kancheva,
V.D.; lvanova, M.; Tsrunchev, T.; Karamac, M.,
Effect of gamma irradiation of wild thyme (Thmus
sepyllum L.) on the phenolic compounds profile of its
ethanolic extract, Pol. J. Food Nut. Sci. 2017, 67(4),
309-315.

7. Sonmezdage, A.S.; Kelebek, H.; Selli, S,
Characterization of aroma-active and phenolic
profiles of wild thyme (Thmus sepyllum L.) by GC-

64

MS-Olfactometry and LS-ESI-MS/MS, J. Food Sci.
Technol. 2016, 53, 1957-1965.

8. Dorni, C.; Sharma, P.; Saikia, G.; Longvah, T., Fatty
acid profile of edible oils and fats consumed in India,
Food Chem. 2018, 238, 9-15.

9. Yang, Y.; Zhang, L.; Li, P.; Yu, L.; Mao, J.; Wang.

X.; Zhang, Q., A review of chemical compaosition and

nutritional properties of minor vegetable oils in

China, Trends Food Sci. Technol. 2018, 74, 26-32.

Kirnak, H.; Irik, H.A.; Sipahioglu, O.; Unlukara, A.,

Variations in oil, protein, fatty acids and vitamin E

contents of pumpkin seeds under deficit irrigation,

Grasas  Aceites 2019, 70  (2), e301,

https://doi.org/10.3989/gya.0692181.

Indelicato, S.; Bongiorno, D.; Pitonzo, R.; DiStefano,

V.; Calabrese, V.; Indelicato, S.; Awellone, G,

Triacylglycerols in edible oils: determination,

characterization, quantitation, chemometric approach

and evaluation of adulterations, J. Chromatogr. 2017,

A 1515, 1-16.

Erding, C.; Seymen, M.; Turkmen, O.; Fidan, S.;

Paksoy, M., Mineral composition of inbred

confectionary pumpkin candidates from Turkey

originated populations, Igdwr. Univ. J. Inst. Sci. Tech.

2018, 8, 11-17, https://doi.org/10.21597/jist.405759.

13.Shen, Y.; Zheng, L.; Jin, J.; Li, X.; Fu, J.; Wang, M.;
Guan, Y.; Song, X., Phytochemical and Biological
Characteristics of Mexican Chia Seed Oil, Molecules
2018, 23, 3219,
https://doi.org/10.3390/molecules23123219.

14.Popa, V.-M.; Megyesi, C.; Bordean, D.; Raba, D.-N.;
Stef, D.; Dumbravd, D., Characterization of sour
cherries (Prunus cerasus) kernel oil cultivars from
Banat, Journal of Agroalimentary Processes and
Technologies 2011, 17(4), 398-401.

15. Zarei, M., Effects of using radiation processing in
nutrition science and their restriction: a review,
International journal of Advanced Biological and
Biomedical Research 2019, 7(1), 19-29.

16. Al-Bachir, M.; Koudsi, Y., Determination of fatty

acid composition of irradiated and not irradiated

Syrian olive oil, Journal of Food Chem and

Nanotechnology 2019, 5(3), 43-48,

https://doi.org/10.17756/jfcn.2019-070.

Al-Bachir, M.; Othman, Y., Comparative studies on

some physicochemical properties of oil extracted

from gamma irradiated Sesame (Sesamum indicum

L.) seeds, Journal of Food Chemistry and

Nanotechnology 2019, 5(2), 36-42,

https://doi.org/10.17756/jfcn.2019-069.

18. Al-Bachir, M., Physicochemical properties of oil
extracts from gamma irradiated almond (Prunus
amygdalus L.), Innovative Romanian Food
Biotechnology 2014, 14, 37-45.

19. Al-Bachir, M., Studies on the physicochemical
characteristics of oil extracted from gamma irradiated
pistachio (Pistacia vera L.), Food Chemistry 2015a,

10.

11.

12.

17.



http://dx.doi.org/10.17306/J.AFS.2019.0628
https://doi.org/10.3989/gya.0692181
https://doi.org/10.21597/jist.405759
https://doi.org/10.3390/molecules23123219
https://doi.org/10.17756/jfcn.2019-070
https://doi.org/10.17756/jfcn.2019-069

M. Al-Bachir / Journal of Agroalimentary Processes and Technologies 2021, 27(1)

167, 175-179,
http://dx.doi.org/10.1016/j.foodchem.2014.06.020.
20. Al-Bachir, M., Quality characteristics of oil extracted
from gamma irradiated peanut (Archishypogea L.),
Radiation Physics and Chemistry 2015b, 106, 56-60.

21. Al-Bachir, M., Evaluation the effect of gamma
irradiation on microbial, chemical and sensorial
properties of peanut (Arachis hypogaea L.) seeds,
Acta Sci. Pol. Technol. Aliment. 2016, 15(2), 171-
180.

22.Al-Bachir, M., Fatty acid contents of gamma
irradiated sesame (Sesamum indicum L.) Peanut
(Arachis hypogaea L.) Sunflower (Helianthus annuus
L.) seeds, Journal of Food Chemistry and
Nanotechnology 2017, 3(1), 31-37.

23. AOAC Official Methods of Analysis, 15" edition,
Association of Official Analytical Chemists,
Washington DC, 2010.

24.Mariod, A.A.; Saeed Mirghani, M.E.; Hussein, 1.,
Durio zibethinus (Durian). In: Unconventional
Oilseeds and Oil Sources, Academic Press, 2017,
https://doi.org/10.1016/B978-0-12-809435-8.00030-
5.

25.Ma, Z.L.; Zhang, B.J.; Wang, D.T.; Li, X.; Wei, J.L.;
Zhao, B.T.; Jin, Y.; Li, Y.L.; Jin, Y.X., Tanshinones
suppress AURKA through up-regulation of miR-32
expression in non-small cell lung cancer, Oncotarget
2015, 6, 20111-20120,
https://doi.org/10.18632/oncotarget.3933.

26.Konuskan, D.B.; Arslan, M.; Oksuz, A,
Physicochemical  properties of cold pressed
sunflower, peanut, rapeseed, mustard and olive oils
grown in the Eastern Mediterranean region, Saudi
Journal of Biological Sciences 2019, 26, 340-344.

27. Al-Bachir, M.; Koudsy , A., Fatty acid composition
of oil obtained from irradiated and non-irradiated
whole fruit and fruit flesh of olives (Olea europaea
L.), The Annals of the University Dunarea de Jos of
Galati - Food Technology 2016, 40(1), 78-89.

65

28. Alvites-Misajel, K.; Garcia-Gutiérrez, M.; Miranda-
Rodriguez, C.; Ramos-Escudero, F., Organically vs
conventionally-grown dark and white chia seeds
(Salvia hispanica L.): fatty acid composition,
antioxidant activity and techno-functional properties,
Grasas  Aceites 2019, 70 (2), €299,
https://doi.org/10.3989/gya.0462181.
Mohd Ali N.; Yeap, S.K.; Ho, W.Y.; Beh, B.K.; Tan,
S.W.; Tan, S.G., The promising future of chia, Salvia
hispanica L., J. Biomed. Biotechnol. 2012, 1-9.
Barreto, A.D.; Gutierrez, E.M.R.; Silva, M.R.; Silva,
F.O.; Silva, N.O.C.; Lacerda, I.C.A.; Labanca, R.A;;
Aragjo, R.L.B., Characterization and bioaccessibility
of minerals in seeds of Salvia hispanica L., American
Journal of Plant Science 2016, 7, 2323-2337.
Musa Ozcan, M.; Al-Juhaimi, F.Y.; Mohamed
Ahmed I.A.; Osman, M.A.; Gassem, M.A., Effect of
different microwave power setting on quality of Chia
seed oil obtained in a cold press, Food Chemistry
2018, 278, 190-196, doi:
https://doi.org/10.1016/j.foodchem.2018.11.048.
Abbas, A.M.; Hadi Bin Mesran, M.; Abd Latip, R.;
Hidayu Othman, N.; Nik Mahmood, N.A., Effect of
microwave heating with different exposure times on
the degradation of corn oil, International Food
Research Journal 2016, 23, 842-848.
Majid, I.; Ashraf, S.A.; Ahmad, F.; Khan, M.A,;
Azad, Z.A., Effect of Conventional Heat treatment on
fatty acid profile of different edible oils using Gas
Chromatography, International Journal of
Biosciences 2014, 4, 238-243.
34. Zoumpoulaki, P.; Sinanoglou, V.J.; Batrinou, A,
Strati, I.F.; Miniadis-Meimaroglou, S.; Sflomos, K.,
A combined methodology to detect gamma irradiation
white sesame seeds and evaluate the effects on fat
content, physiochemical properties and protein
allergenicity, Food Chemistry 2012, 131, 713-721.

29.

30.

31.

32.

33.


http://dx.doi.org/10.1016/j.foodchem.2014.06.020
https://doi.org/10.1016/B978-0-12-809435-8.00030-5
https://doi.org/10.1016/B978-0-12-809435-8.00030-5
https://doi.org/10.18632/oncotarget.3933
https://doi.org/10.3989/gya.0462181
https://doi.org/10.1016/j.foodchem.2018.11.048

