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Abstracct

Bachground and objective: Satureja mutica Fisch & C.A. Mey is a perennial plant that can
be cultivated under irrigation conditions and in rainfed drylands. It has anti-flatulent, appetizing,
sexual enhancement, anti-fungal and anti-bacterial effects. Drying increases product shelf life
by stopping enzymes, pathogens, and microorganisms. The factors that affect essential oils and
their content are temperature, drying time, and the type of plant. Microwaves for drying are one
of the newer methods. Their advantages include shortening drying time, maintaining quality,
reducing energy consumption, preserving dried plants' color, and improving effective
ingredients.
Methodology: The flowering shoots were collected from the Research Institute of Forests and
Rangelands research farm in 2019. Plants in the insectarium were exposed to UV-B light
treatment through UV-B lamps. The plants were turned over every half hour. Irradiation agents
were selected based on the preliminary test, including durations of 0, 2.5, 5, and 10 hours. After
irradiation, the samples were stored in sealed bags under two conditions: refrigerator at 4°C and
room temperature. The storage time was 0, 120, and 240 hours. Therefore, the sources of
variation include irradiation duration in four levels (0, 2.5, 5, and 10 hours), storage conditions
in two conditions (room temperature 25-27°C and fridge with a temperature of 4°C), and
storage duration factor in three levels (0, 120 and 240 hours).202 grams of fresh samples
(equivalent to 80 grams of dry matter) and 80 grams of dried samples in other treatments were
extracted by water distillation in 3 repetitions for 2 hours. The obtained essential oils were
stored in sealed bottles inside the refrigerator at 4 °C until injected into GC and GC/MS devices
for quantitative and qualitative analysis. Carbohydrate, phenol, and free radical inhibition (by
the DPPH method) were measured. Data were analyzed using SPSS version 18, and the means
were compared with the LSD test at P > 0.05.
Results: Variance analysis of essential oil percentage showed that UV-B factor, storage
condition (SC), storage time (ST) at the 1% level, and SC ST interaction at the 5% level had a
significant effect. Due to the increase in irradiation duration, the percentage of essential oil
extracted from the plant increased. This percentage increased to 0.42% in the control and 0.71%
in the 10-hour treatment. Based on a mean comparison, the amount of essential oil in the shade
increased from 0.48% to 0.54%. Mean comparison of the effect of storage conditions (SC) on
storage time (ST) revealed that the highest percentage was related to the shade storage treatment
for 240 hours with 0.61%. The mean comparison of the interaction effect of the three treatments
showed that the percentage of thymol was the highest at 45% in the conditions without
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irradiation refrigeratorxwithout storage. The results of the simple correlation of the traits
demonstrated that thymol had a significant negative relationship with a-thujone, a-terpenine,
and carvacrol. Carvacrol showed a significant negative correlation with major compounds,
paracymene and thymol. It was observed that the highest antioxidant activity was obtained from
10 hours of UV-B radiation. A mean comparison of the effect of UV-B rays on the amount of
phenol indicated that its amount increased in the 2.5-hour treatment compared to the other
treatments. The highest antioxidant percentage could be achieved after 10 hours of irradiation in
the refrigerator for 240 hours.

Conclusion: The conversion of compounds occurs by irradiation of UV-B rays in the drying
stages, and the amount of paracymene and thymol is reduced, and the amount of carvacrol is
increased. Therefore, in S. mutica, which has thymol and carvacrol compounds, drying
treatments aiming to increase the specific composition can be very effective. Also, the amount
of thymol and carvacrol in dried plants may decrease compared to fresh plants. The increase in
antioxidant activity in the treatment of 10 hours of UV-B radiation confirms the viability of
plant cells and their efforts to prevent environmental stress through the increase of antioxidant
enzymes.

Keywords: Essential oil, UV-B radiation, antioxidant activity, phenol, Satureja mutica Fisch.
& C. A. Mey.
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Figure 1. Means comparison of UV-B radiation
duration effects on Satureja mutica essential oil
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Means with common letters are in the same statistical group at 5%
probability level (LSD test).

Jole &S ol ol Lulal so s bl 4 a0 ct.u

Slagme 170 c1a~ 53 SCXST Jlize 1 5 7 CL

0of

5 =S Ul all sl GCIMS 5 GC seol&ans
Y'C los o sy Jols anan slass o (aS

GC/MS , GC bslKns Olasis

(GC) 38 Gl S5l s K Olaxis
Jao b GCFID) m G5 38 S35l 8
SloBal 4 e Ukl a8 sl Thermo-UFM
o5 -2 Chrom-card 2006 ) 33le 5 L 5ls zesls 5 FID
Y sl s cae Ve b 4) ksas; DB5
(05,5 /F Ay oSl 56 aY calss 5 e
Sl s 5 YAD'C Gy abbime (slos .oz solizul
Sl Jol oyt Gl 508 0k i YAS'C
s S ol am s e mll e W LYASC L Fe 5l L
S YAC los 5o 4dds ¥ Dode 4y dmy 5 009 4RSS o
ol s b psale sas eslinal luls 58 s asls
Dy akds gl Jes /0

Mws b w50 3L :GCIMS oy olasis
b 4 Jaze Agilent 7890A (58 Gl S sy S
cale) b8 Ll g 5l 5975CAgilent . -
Sl sz Yo Jsb) DB5 st 4 s (ISl
YO Ll Sl 5B Y culks 5 e Je -/Y0
Osiw ol el ol san pll (s Se
YY- U e 5l ool ame el ol cwd o)le
SISl amn ¥ LBl cew b ol 8 sl 4 s
G b ol S Sl am s YP 4 Gl Bl 5 aids 5o
aids ¥ oculg o) adss 3‘;@3\“ FESSTI Rt
bise oyl s (Gl sas amzls &K s ol 5o
YA© Y el gl 5 ol 8wl an s YP- 5 5
35 pses Jals 58 e sas PES 31 8 sl ax s
oy Job 5o 4l e sl Y/F cew L oS
oAl sl Kl Sl ol aS e oS -
Yool pom 4l oSl 5 ey 0o S Ve ol o s

s 63 9 Yf.e U



ooV Foslas XA ada o) e 5 o)l (LS Slades aslilas

el mll LY a el Ve Sl oo e /¥Y Qi 515 (ST) )i o (SC) (,lu& Ll o
O Jse) &S, UVXSCXST , SCxST UVxST UVxSC

ale 5 oS & b sl ol \.aawf:;L.a aes\da AV Jods) cals Sl gme 3170 cl:....): ol OS5
VAV 735 IO W I BV | P S K VL S PVCI Vg T U VS SR Vo e I IPEPU SR PV VA
LY US2) cal aol 3l 7. /0¥ aals 5o oS gsba s sl oS 3 ol sudl Ll

0.6
05
0.4
0.3
0.2
0.1

Essential oil (%0)

Shade Ref.

Storge conditions
Ref.=Refrigerator

(Satureja mutica) \Ss 5o 55 0 Luslo) do s 5 06 Ll d 3 Sk awglie —Y IS8

Figure 2. Means comparison of storage conditions effects on Satureja mutica essential oil percentage
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 1. ANOVA of UV-B radiation duration (U), conditions (SC) and storage duration (ST) effects on content and Satureja mutica essential oil compounds percentage

Essential a- a- a- cis- Carvacrol E- B- Caryophyllene
S.O.V. df. - . . - p-cymene sabinene  Borneol methyl Thymol  Carvacrol . yophy
oil content  thujene pinene terpinene hydrate cther caryophyllene  bisabolene oxide
u 3 0.32" 0.46™ 0.01" 12.83"  1701.00™ 0.83" 0.06™ 7.24™ 338.00™  3664.00™ 0.33" 0.09™ 4.35™
SC 1 0.06™ 0.02 0.05™ 10.84™ 174.00™ 0.19™ 0.01" 0.14™ 49.40™ 11.00™ 0.32™ 0.06™ 3.21™
ST 2 0.04™ 0.74™  0.12™ 13.31™ 261.00™ 0.02 0.01" 0.11* 167.00™ 1.69" 0.02m 0.06™ 0.28™
UxSC 3 0.01" 0.16™  0.03" 11.83" 62.60™ 0.02" 0.02" 0.39™ 89.70" 17.80™ 0.29™ 0.01" 0.01"
UXST 6 0.00m 012"  0.04™ 13.24™ 94.50™ 0.10™ 0.03" 0.63™ 22.10™ 48.50" 0.28™ 0.05™ 0.014™
SCxST 2 0.01" 0.03" 0.01" 11.31™ 26.40™ 0.03" 0.01" 0.01" 52.20™ 2.70" 0.11* 0.04™ 0.35"
UXSCxXST 6 0.00m 0.07* 0.01" 11.43" 88.80™ 0.10™ 0.01" 0.27™ 40.35" 14.20™ 0.22" 0.04™ 0.10™
EXpeerr'rrgre”ta' 48 0.00 001 001 0.01 0.35 0.01 0.01 0.01 0.30 0.49 0.02 0.01 0.01
C.V. (%) - 11.80 9.30 14.87 8.50 4.50 12.40 20.00 8.35 3.40 2.50 10.80 13.90 11.70

ns, *, and **: non-significant, significant at 5%, and 1% probability levels, respectively
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Table 2. Means comparison of UV-B radiation duration (U) x storage conditions (SC) x storage duration (ST) interactions on Satureja mutica

essential oil compounds percentage

TS u a- a- - cis- Carvacrol E- B- Caryophyllene
sC - a-pinene - P sabinene Borneol methy!| Thymol  Carvacrol . yophy
(hour) (hour)  thujene terpinene  cymene hydrate ether caryophyllene  bisabolene oxide
0 Shade 0 0.7% 0.4¢h 0.6eh 41.9¢ 0.3 0.6 2,10 26.99" 7.1 1.2¢f0 0.3 1.4¢cd
12 Shade 0 0.6 0.4 0.749 46.32 0.6k 0.78 2.3 27.19" 7i 1.30f 0.5fani 1.6b¢
240 Shade 0 0.69" 0.5%" 0.6 4330 0.5k 0.4bedef 2.4 26.79" 6.8 1.7% 0.5¢h 170
0 Ref. 0 0.69" 0.5de-n 0.6 18.8Mi 0.8%¢ 0.6% 32 4582 11.8 1.7%¢ 0.72¢ 2.32
120 Ref. 0 0.7 0.4¢h 0.6%" 4582 0.51k 0.4>f 2.6 26.6M 6.4 1.2¢f 0.5" 1.4
240 Ref. 0 0.8¢f 0.54h 0.6%" 42.8 0.44 0.4>f 2.5 31.9%¢ 9.2i 1.5¢ 0.4% 1.3¢%
0 Shade 2.5 0.6 0.39Ni 0.749 19.291 1.32 0.5%¢ 2.1¢% 28.2¢f 34.8¢f 1.8% 0.8% 1.1
120 Shade 25 1.1 0.5%" 10.72 25.5° 0.9 0.3f 1.7f 20.6™ 32.29 1.30f 0.6°" 0.99
240 Shade 2.5 1.3 0.6% 0.8% 22.2f 0.791 0.5%¢ 0.7% 25.2 41.4° 0.959 0.4M 0.6
0 Ref. 2.5 0.6 0.39Ni 0.749 19.69 1.2%® 0.5%¢ 1.9 28.9¢ 33.6f 1.8% 0.92 1.2¢f
120 Ref. 25 1.0d 0.5¢h 1.10 21.5F 1.1° 0.58be 1.5f 25.5 35.1¢ 1.7b¢ 0.6%9 0.89hi
240 Ref. 25 0.77 0.39hi 0.8¢% 18.71 1be 0.58be 1.5 25.71 37.54 2.12 0.7%¢ 0.7"i
0 Shade 5 0.8¢f 0.4¢h 1.1° 16.5™m 0.51k 0.4 0.9ik 31.30cd 36° 17 0.5% 0.4m
120 Shade 5 1.1bed 0.5 1.1° 22.1f 0.6k 0.3f 0.9ik 32.2° 31.39 1.5¢ 0.6¢h 0.5KIm
240 Shade 5 1.1bed 0.5 0.9¢ 21.4f 0.80f 0.3f 1.11 30.64 32.39 1.4 0.8 0.5KIm
0 Ref. 5 1.0 0.6 1.1° 16.9'm 0.791 0.40F 0.8k 31.3bcd 35.9¢ 1.2¢f0 0.6°9 0.4m
120 Ref. 5 1.28bc 0.6% 1.20 16.1M 0.791 0.40-f 1.1hi 27.77 37.44 1.40e 0.7%¢ 0.4m
240 Ref. 5 1.28¢ 0.6% 1.2 17.64 0.51k 0.4 0.8k 31« 34.7¢f 1.3¢% 0.6%9 0.4m
0 Shade 10 0.5h 0.2 0.8% 19.99" 0.51k 0.3f 1.39 24.6% 39.2¢ 1.3¢% 0.8 0.7Mi
120 Shade 10 0.69 0.4¢h 0.6¢h 18.3K 0.80f 0.4>f 1.11 22.8 43.32 1.5¢ 0.6°9 0.99
240 Shade 10 1.1¢d 0.6 0.8% 27.5¢ 0.849 0.53c 2.10 20.7m 35.4¢ 1.1¢f0 0.5 0.99
0 Ref. 10 0.59 0.39hi 0.749 20.2¢9 0.791 0.3f 1.2Ni 24.6% 38.3¢ 1.5¢ 0.92 0.8ghi
120 Ref. 10 0.1 0.6% 0.8%9 22.3f 0.9¢d 0.40-f 1.10 19.1" 40.8° 1,30def 0.5 0.7"i
240 Ref. 10 1.3 0.72 0.849 26.3¢ 0.9¢d 0.5%c 1.6 19" 35.4¢ 1.1¢f0 0.6%9 0.8ghi

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 3. Satureja mutica essential oil compounds correlation under UV-B radiation duration x storage conditions x storage duration

cis-

a-thujene  e-pinene  a-terpinene  p-cymene Sr?%?g?ee Borneol mi;:;/’? gtrr?(ler Thymol Carvacrol E-caryophyllene B-bisabolene Caryé))f)ig)éllene
1 2 3 4 5 6 7 8 9 10 11 12
1 1
2 0.79™ 1
3 0.23" 0.06" 1
4 -0.23" -0.02m -0.05" 1
5 0.04" 0.08" 0.13m -0.48™ 1
6 -0.16" 0.06" -0.3" 0.21" .018m 1
7 -0.47 -0.15" -0.03m 0.64™ -0.07m 0.38™ 1
8 -0.19" -0.13m -0.024" -0.1m -0.17m 0.13m 0.27" 1
9 0.36™ 0.08™ 0.09" -0.85™ 0.48™ -0.29" -0.78™ -0.37 1
10 -0.35™ -0.31™ -0.1™ -0.16" 0.53" 0.13™ 0.25" 0.26" -0.01" 1
11 -0.14ns -0.15" -0.05" -0.5™ 0.57" -0.03" -0.11m 0.11m 0.39™ 0.54™ 1
12 -0.54™ -0.18" -0.07m 0.59™ -0.08" 0.46™ 0.87" 0.36™ -0.078™ 0.26" -0.07m 1

ns, *, and **: non-significant, significant at 5%, and 1% probability levels, respectively
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Figure 6. Standard curve of gallic acid (calculation
of phenol)
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Figure 5. Standard curve of glucose (calculation of
carbohydrates)
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Table 4. ANOVA of UV-B radiation duration (U), conditions (SC) and storage duration (ST)
effects on Satureja mutica physiological traits

S.0.V. d.f. Phenol DPPH Carbohydrate

U 3 21.77 1749™ 14.98™

SC 1 0.11"™ 2026™ 177

ST 2 2.29™ 972" 0.16™

UxSC 3 4.46" 857" 6.47™

UxST 6 4.25™ 389™ 3.23"
SCxST 2 3.21™ 336™ 6.3"
UxSCxST 6 6" 171" 2.1
Experimental error 48 3.24 2,01 0.71
C.V. (%) - 14.1 45 14.8

ns, *, and **: non-significant, significant at 5%, and 1% probability levels, respectively
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Figure 7. Means comparison of UV-B radiation duration effects on phenol content of Satureja mutica
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 5. Means comparison of UV-B radiation duration (U) x storage conditions (SC) x storage duration (ST)
interactions on Satureja mutica physiological traits

ST U Carbohydrte content
(hour) sC (hour) DPPH (%) (ug.ml* extract)
0 Shade 0 35.19° 8.842
120 Shade 0 35.97°p 7.35%
240 Shade 0 38.15m 6.22¢%
0 Refrigerator 0 50.264 5.69¢%f
120 Refrigerator 0 51.4i 5.160%f
240 Refrigerator 0 53.33i 5,9cde
0 Shade 25 60¢f 8.5%
120 Shade 25 52.1Kk 6.38¢%
240 Shade 25 55.02N 5.520ef
0 Refrigerator 25 57.179" 5.320ef
120 Refrigerator 25 57.88f 6.73¢%
240 Refrigerator 25 58.99¢f0 6.62¢
0 Shade 5 49.23' 4.41°¢
120 Shade 5 504 4.18f
240 Shade 5 77.23° 5.25d%f
0 Refrigerator 5 61.22¢ 5.33¢f
120 Refrigerator 5 55.23" 4,03
240 Refrigerator 5 51.16M 5.610%f
0 Shade 10 40.29™ 4.1°
120 Shade 10 41.17m 5.5def
240 Shade 10 81.190 4.47¢F
0 Refrigerator 10 77.23¢ 4.35¢f
120 Refrigerator 10 73.02¢ 5.87¢de
240 Refrigerator 10 96.0072 6.34¢

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 6- Satureja mutica physiological traits correlation under
UV-B radiation duration x storage conditions x storage duration

Phenol content DPPH Carbohydrate content
Phenol content 1
DPPH 0.19" 1
Carbohydrate content 0.008" -0.14" 1
ns, *, and **: non-significant, significant at 5%, and 1% probability levels, respectively
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