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Table 1. Means comparison of gamma radiation effects on essential oil of Satureja spicigera

Gamma Essential oil -thujene -cymene carvacrol E- I thymo spathulenol caryophyll
treatment (%) ¢ ((yj) P 2{) %) thymol (%0) (%) caryophyll bisabolene hydroquinone P (%) ene oxide
(kGy)" > > > > ene (%) (%) (%) > (%)
0 1.12a 0.45b 31.07c 7.52c 34.73a 9.3a 1.79ab 0.87b 0.75bc 1.89a
25 0.7c 0.77a 39.53a 7.07c 28.93c 7.64b 1.92a 0.76b 0.88b 1.19b
5 1.03a 0.65a 38.61a 6.29c 32.79ab 5.81c 2.01a 1.11a 1.09a 1.67a
7.5 0.88b 0.65a 36.55ab 10.12b 32.55ah 5.95¢ 1.57bc 0.88b 0.86b 1.73a
10 0.32d 0.7a 34.46h 13.57a 30.44hc 6.88bc 1.44c 0.71b 0.62c 1.81a
The same letters in each column indicate that there is no significant difference between the means.
*: kilo gray
Satureja spicigera _ulul 5 1S Lld 3 8ol awglio —¥ Jsos
Table 2. Means comparison of storage conditions effects on essential oil of Satureja spicigera
Storage conditions treatment p-cymene (%) thymol (%0) carvacrol (%) caryophyllene oxide (%0)
Shadow 35.65a 9.4a 31.34a 1.55b
Refrigerator 36.44a 7.45b 32.43a 1.78a

The same letters in each column indicate that there is no significant difference between the means.

Satureja spicigera julel 5 i @i i xSl awslio - Jsux

Table 3. Means comparison of shelf life effects on essential oil of Satureja spicigera

tresaqﬁife!:tfe(h) Esse(réz?l ol a-t?;g)e ne p-c():;:)e ne thymol (%)  carvacrol (%)  E-caryophyllene (%) hy drogl]}i/rr:;r)we (%) caryophz/ol/loe;ne oxide
0 0.6¢ 0.55b 33.98b 7.58b 35.01a 7.27a 0.99a 1.87a
120 0.95a 0.56b 34.59b 9.48a 31.76b 7.69a 0.8b 1.51b
240 0.87b 0.81a 39.57a 9.68a 28.89c 6.28b 0.8b 1.59ab

The same letters in each column indicate that there is no significant difference between the means.
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Table 4. Means comparison of gamma radiation x storage conditions interaction effects on essential oil of Satureja spicigera

Storage Gamma L . E- . thymo
‘i?: adti ;22: tr?fg;;*nt Esse(rlzt)ell oil a t?(;g)ene p c()i;:)ene th()é/om)ol car(\(/;’(;rol caryo([l))/:glllene p bls(aOZ;)lene hy drcz(%inone spat(tlzl)enol cagi?gehzjl/loe;ne
Shadow 0 0.95hc 0.33d 26.7d 8.17cd 35.47a 9.73a 1.91abc 1.06ab 0.79bcd 1.99a
Refrigerator 0 1.27a 0.57bc 35.45bc 6.87cde 34.002ab 8.86a 1.67bc 0.68c 0.71bcd 1.8a
Shadow 25 0.74de 0.73abc 40.66a 7.89cd 28.08d 6.18b 2.06ab 0.64c 0.83bcd 0.86b
Refrigerator 25 0.66e 0.81a 38.4abc 6.25de 29.77cd 8.74a 1.77abc 0.87abc 0.94abc 1.52a
Shadow 5 0.99bc 0.75ab 39.74ab 7.65cd 30.42cd 5.76b 1.84abc 1.06ab 1.15a 1.46a
Refrigerator 5 1.06b 0.54c 37.48abc 4.94e 35.17a 5.86b 2.18a 1.17a 1.02ab Al.88a
Shadow 7.5 0.9c 0.66abc 36.44abc 9.4bc 33.06abc 6.37b 1.66bc 0.72bc 0.94abc 1.69a
Refrigerator 7.5 0.86cd 0.63abc 36.66abc 10.83b 32.04abc 5.53b 1.48c 1.04ab 0.77bcd 1.78a
Shadow 10 0.35f 0.64abc 34.73c 13.78a 29.69cd 6.76b 1.44c 0.69c 0.65cd 1.73a
Refrigerator 10 0.3f 0.76ab 34.19c 13.36a 31.2bcd 6.99b 1.45¢ 0.72bc 0.58d 1.9a

The same letters in each column indicate that there is no significant difference between the means.

*: kilo gray
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Table 5. Means comparison of gamma radiation x shelf life interaction effects on essential oil of Satureja spicigera

Shelf life Gamma . . E- p- thymo spathul  caryophylle
treatment treatme*nt E;isl,e(r;l)? I a-t?(;:)e ne a-terpinene p-c()i;:)e ne th()(/)/r:)ol car(\(/;)c):rol caryophyllene bisabolene hydroquinone enol ne oxide
(h) (KGy) (%) (%) (%) (%) (%)

0 1.2ab 0.23f 0.44ab 21.68e 8.24ef 41.99% 11.25a 1.83ab 0.96abc 0.81b 2.46a
120 0 1.11bc 0.37f 0.47ab 30.57d 7.37¢f 33.79bcd 8.06bc 1.64ab 0.86bc 0.7b 1.38bc
240 1.01cd 0.74abc 0.64ab 40.98ab 6.95ef 28.42fg 8.58b 1.92ab 0.79bc 0.75b 1.84abc

0 0.48fg 0.76abc 0.84a 42.78a 5.05f 29.04efg 6.16¢cde 2.23a 0.82bc 0.97b 1.02¢
120 25 0.82¢ 0.62bcd 0.55ab 33.7cd 7.43¢f 31.31cdef 11.33a 1.8ab 0.77bc 0.86b 1.15¢
240 0.81e 0.94a 0.73ab 42.11a 8.73de 26.43g 4.9e 1.73ab 0.69bc 0.83b 1.41bc

0 0.51f 0.42def 0.55ab 34.86¢d 5.05f 36.42b 5.96de 1.88ab 1.33a 1.34a 2.14ab
120 5 1.24ab 0.68bc 0.65ab 35.85abc 7.29¢f 31.41cdef 5.63de 1.9ab 0.95abc 0.99b 1.52bc
240 1.33a 0.84ab 0.38ab 42.12a 6.53ef 30.55defg 5.85de 2.24a 1.07ab 0.93b 1.33bc

0 0.51f 0.65bcd 0.62ab 36.33bcd 7.94¢f 35.46bc 6.51cde 1.62ab 0.99abc 0.89b 1.87abc
120 7.5 1.24ab 0.52cde 0.66ab 36.02bcd 9.84cde 33.26bcde 6.23cde 1.58b 0.87bc 0.8b 1.72abc
240 0.88de 0.78ab 0.6ab 37.3abc 12.56abc 28.93efg 5.12de 1.52b 0.8bc 0.89b 1.62bc

0 0.32g 0.69abc 0.68ab 34.24cd 11.63bcd  32.16 bedef 6.39cde 1.53b 0.88hc 0.61b 1.88abc
120 10 0.33fg 0.63bcd 0.38ab 33.81cd 15.47a 29.05efg 7.2bcd 1.32b 0.58¢c 0.58b 1.8abc
240 0.31g 0.77ab 0.31b 35.33bcd 13.61ab 30.12defg 6.95bcde 1.38b 0.65bc 0.66b 1.76abc

The same letters in each column indicate that there is no significant difference between the means.*: kilo gray
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Table 6. Means comparison of storage conditions x shelf life interaction effects on essential oil of
Satureja spicigera

Shelf life Storage .
- a-thujene  p-cymene  thymol carvacrol E-caryophyllene caryophyllene
treatment conditions (%) (%) (%) (%) oxide (%)
(h) treatment 0 ° ° ° 0
0 0.52b 33.78b 7.28¢c 34.77a 7.53ab 1.87a
120 Shadow 0.53b 33.99b 9.55ab 31.69b 7.43ab 1.44ab
240 0.82a 39.19a 11.31a 27.57¢c 5.93c 1.33b
0 0.59b 34.18b 7.88bc 35.26a 7.02abc 1.88a
120 Refrigerator 0.6b 35.19b 9.41ab 31.83b 7.95a 1.59ab
240 0.81a 39.94a 8.05bc 30.21b 6.63bc 1.86a

The same letters in each column indicate that there is no significant difference between the means.
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Table 7- Simple correlation of Satureja spicigera essential oil compounds influenced by gamma radiation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2 s 3 s 83§ g =z g & £ o g 28 2 8%

1 1

2 0.24* 1

3 0.3** 0.36** 1

4 0.64** 0.15ns 0.27** 1

5 0.08ns 0.02ns  0.002ns  -0.09ns 1

6 0.04ns 0.54** 0.09ns  -0.15ns  0.3** 1

7 -0.02ns 0.4** 0.22* -0.21*  0.31**  0.52** 1

8 0.1ns 0.6** 0.28**  -0.07ns  0.27**  0.62**  0.72** 1

9 -0.24* -0.5** -0.16ns  0.17ns  -0.19* -0.62**  -0.69** -0.71** 1

10 0.07ns -0.04ns  -0.07ns  -0.08ns  0.01ns  0.09ns 0.04ns  0.03ns -0.2* 1

11 -0.6** -0.32**  -0.34**  -0.68** 0.02ns  -0.14ns -0.17ns  -0.21*  0.28s%s% 0.3;3** 1

12 -0.36** -0.07ns -0.05ns  -0.55**  -0.1ns 0.03ns 0.09ns  0.04ns  -0.08ns -0.22* 0.4** 1

13 -0.06ns 0.02ns 0.08ns 0.16ns  0.04ns  -0.02ns 0.09ns  0.06ns  0.09ns 0.3%** 0.03ns -0.05ns 1

14  -0.28** 0.07ns 0.14ns -0.19*  0.33**  0.17ns -0.02ns  0.12ns 0.05ns -0.23* 0.25* 0.03ns 0.09ns 1

15 0.02ns 0.4** 0.18* -0.06ns  0.28**  0.44** 0.57**  0.62** -041**  -0.26* -0.04ns -0.02ns 0.23* 0.31** 1

16  -0.29** -0.26* -0.28**  -0.47** 0.17ns  -0.03ns -0.08ns  -0.22* 0.14ns 0.1-5ns 0.64:%:% 0.16ns -0.1ns 0.14ns -0.03ns 1

ns, *, and **: not significant and significant at 5 and 1% probability levels, respectively.
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Table 8. Means comparison of gamma radiation effects on some physiological traits of Satureja spicigera

Gamma treatment Phenol Flavonoid Antioxidant Carbohydrate
(kGy)” (ng.mL™* of extract) (ng.mL™ of extract) (%) (ug.mL™ of extract)
0 13.23b 13.23c 21.87c 5.75ab
25 18.51a 19.52ab 38.58a 5.1ab
5 16.84a 20.14a 31.75b 4.51b
7.5 17.07a 17.33b 24.5¢c 6.3a
10 13.97b 14.82c 24.85¢c 4.41b
The same letters in each column indicate that there is no significant difference between the means.
*: kilo gray

Satureja spicigera <55 Sliv S 2 ol Ll 3 Sle awlio -4 Jous
Table 9. Means comparison of storage conditions effects on some physiological traits of Satureja spicigera

Storage conditions Phenol Flavonoid Antioxidant
treatment (ug.mL™ of extract) (ug.mL™* of extract) (%)
Shadow 14.96b 16.04b 26.97b
Refrigerator 16.89a 17.97a 29.65a

The same letters in each column indicate that there is no significant difference between the means.

Satureja spicigera <35 5 Slio S S Lld x L (b blite 31 oS0l avglio =V Joan

Table 10. Means comparison of gamma radiation x storage conditions interaction effects on some physiological
traits of Satureja spicigera

Storgge Gamma Phenol Flavongid Antioxidant Carbohy_qrate
conditions treatment (ug.mL" of extract) (ng.mL" of (%) (ng.mL" of
treatment (kGy) extract) extract)
Shadow 12.87d 12.77e 19.77e 6.03ab
Refrigerator ° 13.6d 13.7de 23.97de 5.47ab
Shadow 16.38bcd 17.69abc 34.62b 5.11ab
Refrigerator 2° 20.64a 21.36a 42.55a 5.09ab
Shadow 16.1bcd 18.92ab 29.51c 4.43ab
Refrigerator ° 17.59abc 21.36a 33.99 4.58ab
Shadow 15.31cd 16.75bcd 26.47cd 6.22a
Refrigerator e 18.82ab 17.9abc 22.53de 6.38a
Shadow 14.13d 14.09cde 24.46d 5.08b
Refrigerator 10 13.8d 15.55bcde 25.23d 3.75b

The same letters in each column indicate that there is no significant difference between the means.
*: kilo gray
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Table 11. Means comparison of gamma radiation x shelf life interaction effects on some physiological traits of
Satureja spicigera

Shelf life Gamma . L
treatment treatment P_i;enol Fle_ll/onmd Antioxidant
) (KGy)' (ug.mL™ of extract) (ug.mL™ of extract) (%)
0 12.95e 12.87d 18.61e
120 0 13.3de 13.29d 23.15de
240 13.45cde 13.54d 23.85d
0 17.38abcde 18.73abc 36.95ab
120 25 18.26ab 19.54ab 38.58a
240 19.89a 20.31a 40.21a
0 16.2abcde 18.99abc 30.55¢
120 5 16.44abcde 20.2a 31.82bc
240 17.9abc 21.23a 32.89bc
0 16.56abcde 16.75abcd 24.26d
120 7.5 17.07abcde 16.8abcd 24.75d
240 17.57ancd 18.44abhc 24.5d
0 13.95bcde 15.04bcd 25.4d
120 10 14.26bcde 14.34cd 24.25d
240 13.7cde 15.08bcd 24.9d

The same letters in each column indicate that there is no significant difference between the means.

*: kilo gray
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Table 12. Means comparison of storage conditions x shelf life interaction effects on some physiological traits of

Satureja spicigera

Storage
Shelf life Phenol Flavonoid Antioxidant
conditions
treatment (h) (ng.mL™* of extract) (ng.mL™* of extract) (%)
treatment
0 14.26b 15.53b 24.92b
120 Shadow 14.93ab 15.75ab 27.47ab
240 15.68ab 16.85ab 28.51a
0 16.55ab 17.42ab 29.38a
120 Refrigerator 16.8ab 17.91ab 29.55a
240 17.32a 18.59a 30.03a

The same letters in each column indicate that there is no significant difference between the means.
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Satureja spicigera
Table 13. Means comparison of gamma radiation x storage conditions x shelf life interaction effects on some
physiological traits of Satureja spicigera

t??aetlinlgr?t cgr:(él??igis tgg;nerit Phenol Flavonoid Antioxidant

() treatment (kGy)" (ug.mL™ of extract) (ug.mL™" of extract) (%)

0 12.5d 12.45e 13.42i
120 Shadow 13cd 12.89de 22.3h
240 13.11cd 12.99de 23.6gh

0 ° 13.4cd 13.3de 23.8gh
120 Refrigerator 13.6¢cd 13.7cde 24gh
240 13.8cd 14.1cde 24.11gh

0 15.45abcd 16.57abcde 33.45cdef
120 Shadow 15.69abcd 17.59abcde 34.65cde
240 0.18abcd 18.92abcde 35.76bcd

0 29 19.32abc 20.89abc 40.46ahc
120 Refrigerator 20.84ab 21.5ab 42.52ab
240 21.78a 21.7ab 44.67a
0 15.4abcd 18.3abcde 27.65defgh
120 Shadow 16abcd 18.7abcde 29.7defgh
240 16.9abcd 19.76abcde 31.2defg
0 > 17abcd 19.68abcde 33.45cdef
120 Refrigerator 16.89abcd 21.7ab 33.94cdy
240 18.9abcd 22.7a 34.58cde
0 14.75bcd 16.56abcde 27.12efgh
120 Shadow 15.66abcd 16.71abcde 26.7efgh
240 15.54abcd 17abcde 25.6fgh
0 k& 18.38abcd 16.94abcde 21.4h
120 Refrigerator 18.49abcd 16.89abcde 22.8gh
240 19.6abc 19.89abcd 23.4gh
0 13.22cd 13.79cde 23gh
120 Shadow 14.32bcd 12.89de 24gh
240 14.87bcd 15.6abcde 26.4efgh
0 10 14.69bcd 16.3abcde 27.8defgh
120 Refrigerator 14.2cd 15.8abcde 24.5gh
240 12.53d 14.56bcde 23.4gh

The same letters in each column indicate that there is no significant difference between the means.
*: kilo gray
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Table 14. Simple correlation of physiological traits of Satureja spicigera influenced by gamma radiation
Phenol Flavonoid Antioxidant Carbohydrate
Phenol 1
Flavonoid 0.49** 1
Antioxidant 0.44** 0.51** 1

Carbohydrate -0.01ns -0.17ns 0.04ns 1
ns, * and ** indicate the absence of significant correlation and the existence of significant correlation between the traits, respectively.
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Abstract

In this study, to investigate the effects of gamma ray to dry plant materials, conditions, and
storage duration of the plants on the percentage and essential oil composition and some
physiological traits of Satureja spicigera (C. Koch) Boiss., plant top shoots were collected at the
flowering stage. Gamma ray irradiation was performed in the Atomic Energy Organization at
five levels of 0, 2.5, 5, 7.5, and 10 kGy (kilo gray). Storage was carried out under two
refrigerator (4°C) and room air temperature conditions at three storage duration levels of 0, 120,
and 240 hours. The experiment was conducted as a factorial in a completely randomized design
with three replications. Essential oil of flowering shoots was extracted by water distillation
method and analyzed by GC and GC/MS quantitatively and qualitatively. According to the
obtained results, gamma radiation affected the essential oil percentage and amount of p-cymene,
thymol, carvacrol, phenols, flavonoids, and antioxidant activity significantly at the level of 1%.
Storage duration had a significant effect on the essential oil percentage and amount of p-
cymene, thymol, and carvacrol. Storage conditions showed a significant effect on the total
phenols and flavonoids content and antioxidant activity of ethanol extract of S. spicigera. Means
comparison of gamma radiation effects showed that the highest percentage of essential oil with
1.12% and 1.03% was obtained in the control and 5 kGy treatments, respectively. The highest
amount of thymol (13.57%) and carvacrol (34.73%) was observed in the 10 kGy and control
treatments, respectively. With 2.5 kGy gamma irradiation, the amount of phenolic compounds
and antioxidant activity respectively increased by 1.4 and 1.76 times compared to the control.
Of course, by keeping the plant in the refrigerator, the amount of thymol was reduced. The
highest percentage of essential oil was related to the storage for 120 hours. The use of high
intensity gamma radiation is suitable to achieve high thymol essential oil. The use of low
radiation can also be useful for drying S. spicigera to obtain extracts containing more phenolic
compounds. However, gamma radiation is not appropriate for plant materials drying to obtain
essential oils of this species.
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