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Fig 1 Study site location (red rectangle on the right-side maps and bordered dark line on the left-side map)
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Fig 2 curve of the study site based on a long-term 13-year history (2005-2017) as recorded by Germi synoptic
meteorological station
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2. Paper Disc Diffusion Assay
3. Kirby Bauer
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Table 1 Effect of seasonal variation on total phenolic compounds and total antioxidant capacity of
Artemisia fragrans Willd. (1397)

Measured parameter

Ordibehesht

Tir Shahrivar Azar

Total phenol (mg GAE/g) 1.97+0.11
Total antioxidant capacity (%) 10.30+0.21

2.24+0.09  5.29+0.17  3.95+0.12
11.80+£0.35 28.84+0.45 21.35+0.25
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Table 2 Identified phytochemical compounds in the A. fragrans Willd. essential oil in Shahrivar
(S3), Azar (S4), Ordibehesht (S1) and Tir (S2) 1397

Sampling dates
Components R RI° Ss S4 S| S,
Alkane (ALK A) - - 3.64 0.67 059 379
Heptadecane 1771 1637 048 - - -
4-carene 1014 1008 045 067 059 379
Docosane 2200 2135 2.09 - - -
Eicosane 2050 2034 0.62 - - -
Ester (ES) - - 023 - - -
Methyl Cinnamat 1379 1400 023 - - -
Fatty acid (FA) - - 034 - - -
Palmitinic acid 1961 1920 0.34 - - -
Monoterpenes (MT) 536 6.17 321 6.14
3-carene - 0.23 - 0.22
B-Cymene 1013 1050 1.38 - - -
p-Cymene 1021 1016 - 043 - -
O-Cymene 1027 1017 - - - 29
Camphene 933 934 0.9 343 094 022
Cis - Salvene 856 836 0.2 - - 03
I-Phellandrene 998 1015 048 - - -
Sabinene 971 961 044 1.80 - -
Terpinolene 1093 1115 - - - 02
a -Terpinene 1014 1008 - - - 0.86
a - Terpinolene 1088 1090 0.78 026 038 -
o -Pinene 917 9.19 - 0.19 - 0.2
B -Phellandrene 1028 1016 0.5 - - 0.21
B —Pinene 978 965 - 021 021
vy -Terpinene 1060 1056 0.68 1.23 1.68 0.76
Pseudolimonene 1007 1012 - - - 0.27
verbenene 967 969 - 0.19 - -
Oxygenated Monoterpenes (OMT) 86.51 8438 93.11 8926
1,8-Cineole 1026 1028 21.02 8.09 1957 43
4-Terpineol 1178 1185 2.87 - 3.35 -
1 -Camphor 1160 1157 11.89 1597 347 13
cis-Jasmone 1378 1380 0.52 032 045 -
Isobornyl alcohol 1163 1173 348 - - -
1- Carvone 1279 1278 1.18 - - -
Myrtenal 1205 1205 - 0.19 - 1.05
Myrtenol 1215 1239 2.14 -
Pinocarvone 1168 1171 - 0.23 - 0.43
Piperitone 1253 1253 097 - - -
p-Menth-1-en-8-ol, acetate 1155 1160 - - - 2.55
4-Terpinyl acetate 1367 1367 - - 4.04 -
Sabinyl acetate 1291 1283 1.85 1127 271 0.21
Thujone 1113 1115 40.59 4650 59.52  40.72
Total monoterpenes 91.87 90.55 9632 9540
Sesquiterpenes (ST) 0.39 5.61 - 0.11
Germacrene-D 1453 1450 0.39 3.77 - 0.11
Copaene - 0.34 - -
Caryophyllene - 0.29 - -
B -cyclogermacrane - 1.21 - -
Oxygentated Sesquiterpenes (OST) 2.06 - - -
Carvacrol 1307 1308 1.1 - - -
Cis-Davanone 1592 1563 096 - - -
Total Sesquiterpenes 245 5.61 - 0.11
Others (OTH) 047 1.63 - -
1 —Octen- 3 — ol 985 1005 047 - - -
Carvatan acetone - 0.86 - -
Iso-butylbenzne - 0.77 - -
Total 99
Essential oil yield (%) 1.9 0.47 0.7 1.6

a. Linear retention index on HP-5MS column based on literature review
b. Linear retention index calculated bv using series of n-alkanes (C8-C20) which thev have been injected to
the GC-MS apparatus and analyzed under the same conditions for evaluated essential oil
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Table 3 Inhibitory effect of essential oils of 4. fragrans Willd. (S1 to S4) on tested bacteria. Essential oils
which have at least one common letter are not significantly different (in the level of P<5%).

. P.vulgaris K. pneumonia B. subtillus S. aureus
Samples E. coli (G-) (G-) (G-) (GH) (GH)
S1 20.740.11b  19.3+0.65c¢ 9.740.65¢ 10.3+0.23b 7.340.15¢
S2 28.3+0.27a  22.3£0.45b 14.0+£0.54b 10.0+0.23b 12.7+0.65b
S3 32.740.78a  25.740.21a 21.0+0.42a 15.3£0.35a 20.0+0.78a
S4 7.3+£0.35¢ 5.7+0.45d 8.0+0.13¢ 6.3£0.11c¢ 8.0+0.45¢
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Fig 3 Effect of seasonal variation on Artemisia fragrans Willd. essential oil in the inhibition halo diameter of
bacterial cultures

Sl 5 ke Dbl Susly s 515 a5 O el 55U

Vo] s e dsb S o ol 55 5 Dl g
SR s Jes 0 el IS glad £ IS
Sleddd SKS& Jy STy, s o 0L (a,ys uilal el
Ao DL b Sl s 51 4 e s L2 Ol
ot SSE Do 4 O 3Ll L e g s 5
s Sl 4 Loy alo L) poly O o Ll 52
4 g GLEE 0o 5l Jool S 5 s 0 denend
el Ogr g3l ST L O e 5333 8 o i 05
woat o opl asd e Sl ST Sy 05 b
2t LSS oDy st QLS s 5 (S5 e o G b

D]l JUst s 050 & peilty O 2l a8 6

Cytoplasmic

E. ) as sl ¢J§ s SU ol s @l:.} ol
23 6 b Cuwlo= (K. pneumonia ; P. vulgaris «coli
Sl S @ cand lare ateys ol il Lab & 2l
ol e ails (B subtillus 5 S. aureus) Sz ol S
4 S e o S L aslis 55 e o 5 glags L 03
-6 SL sl e Lol (golgs Olexstle Gl caa s sl
52 e Aty S oe Ll 5 sl el 55 e p T gla
Aty S ge 51 SO0 Y ki e o S glag SL S JI-
E] J::j))lj:‘;j LMJT 0)\_5._1.) Olac= Ll rﬁ:«‘ Cotnd E] _'\.'a)\.)
g Jsbe S 55 5 Oam 4 Jie Olgoee
05 5 ejaede Jole clis 4 naes 5B o5 olS S

4 e el ol S 558 Laatgszbdb.Lﬂ o)\ﬁsdu\ml)l:;'-b

In

membrane

=3

- ®o—— —© (}ri

He

| ®o— — @ pe

T ——8

Fig 4 Schematic representation showing the hypothesis of carvacrol mechanism of action [16]

¢


https://fsct.modares.ac.ir/article-7-33484-fa.html

Downloaded from fsct.modares.ac.ir at 21:07 IRDT on Monday August 2nd 2021

\VQ/\ )ﬁj@""”’ AR 692 LQ\OJL&-\;

JiU& Gl«ﬁjr}l&

AT @l sy 2 Gl Joad AT Cinds gy 1)
S5 g5 0 goeme Shas sl Ol 38 SIS gl S
(e D s oo 205n Slasle (b il ol o
mosls LSS 1 L0 5 Cdgonl O3 g ed sbaele 53 LS S
5 s Sl Gsals) It VA plerd b OLS 5
(AU 0550) ol g ol LS5 51O 5ilslam Gunes
ways ulel U e Slislesl il g5 LGl
S slag L gl g5y p il gl b (b lane
wﬁsg\som&\;\;@u@ywwgﬁjw
s bl Ol ooyt Bl 3l elS nl cls Ol

5L e ole

@l.ba -0

[1] Ponce, A., Roura, S.I. and Moreira, M.R.
2011. Essential oils as biopreservatives:
different methods for the technological
application in lettuce leaves. Journal of Food
Science, 76 (1): 34-40.

[2] Mozaffarian, V. 1375. Culture of the Names
of Iranian Plants, Contemporary cultural
publication, Tehran, 750.

[3] Farghadan, M., Ghafoori, H., Vakhshiteh, F.,
Fazeli, S.A.S., Farzaneh, P. and Kokhaei, P.
2017. The Effect of Artemisia fragrans Willd:
Essential Oil on Inducible Nitric Oxide
Synthase Gene Expression and Nitric Oxide
Production in Lipopolysaccharide-stimulated
Murine Macrophage Cell Line. Iranian Journal
of Allergy, Asthma and Immunology, 15 (6):
515-524.

[4] Shafaghat, A., Noormohammadi, Y. and
Zaifizadeh, M. 2009. Composition and
antibacterial activity of essential oils of
Artemisia fragrans Willd. leaves and roots
from Iran. Natural product communications, 4
(2):279-282.

[5] Mehdiyeva, N.P., Guliyev, LS., Alizade,
V.M., Alirzayeva, E.H. and Bussmann, R.W.
2017. Ethnobotany of the Caucasus—
Azerbaijan. Ethnobotany of the Caucasus,
pp.37-46.

[6] Gomes, A.F., Almeida, M.P., Leite, M.F.,
Schwaiger, S., Stuppner, H., Halabalaki, M.,
Amaral, J.G. and David, J.M. 2017. Seasonal

Yo

Hame ays il sl IUT bt 2d DS S esn b
oo s LT ulal sy ki J5 81, oY Jsdx)
A s 5 oboSbos SLH s cnl a4 .cd sl sdalise
Ol g i el le Salal 5lebe g e slal Sl
Wil o Lol odas SLS 5 51 230 s b il s Seds
o2 o Rt 5 dsta s B Ll g aeS sl &S LS S
oS JRE L 8 sl o Seds c s s
ale 2L Sbas ool Gl (LS 5l (6 e S Ol
o OBl cpl i s [IV] s 8515 o i
Aoty Yol S dsys L LS5 &S syl s
ol il ds s S SlS S K b e e
o iz ool by iy e pur gbaS gl sbas
35 Lol gl 51 aS ol O 55 W 5 5a0lS o st —AQ
03 Ay o Sl ol b IA] a5 e olS 0l L
Sl ol Slas 36 ol e o DLS 5 ol sl s
5 S il ey A fragrans Willd. «as oS
sl gl ()"Y ol e oS W S 2518 (Yo A) 0L
S SIS L SuSle 6L Ay el Al
sdaas OLES 1y sl ol Ll il o & slite LapedlS 15 e
s bl pledd cilse LS 5 wslite A5
55 (Yo 8) O 5 (63 gamma [ V4] sziils Laa(._..‘,.:_}lf)\jj.{.:»
ways puilal s Seds Conlr as aals Ol Liagy
Jol bl promen Ll SRl Clle LIBIL A S
SUASL AS S bl Bas kS lse el )
dtes eslis Cute p S 4 Cad e p S slag L 5 min
S 5wy il sl Ly sl D s i [Y0]
o 2SS Sghls 65 Jbe Olye 4 Lssed 3015
Al Al Sl esnse AWl Blis 5o s

["]

Z -
S et -t
w%é;\;om@m)swu\g@tﬁw)ﬁ@u

‘5)).1)@,:4 L;Lhob).bjhmam)) J_'LN\):SU )].\.in d.lJ:ASj

PSS Al ey alS Al e Lo S5 ele L3


https://fsct.modares.ac.ir/article-7-33484-fa.html

Downloaded from fsct.modares.ac.ir at 21:07 IRDT on Monday August 2nd 2021

S AS DA 5 ol 58 S5 55 e

Q‘)K&A)}L[}- 0 ya= LE"""}'-"LSJ"@"

potential of essential oils from Piper
cernuum. Industrial crops and products, 95:
256-263.

[14] Sardarodian, M. and Arianfar, A. 1398.
Investigation of chemical compounds,
antibacterial and antioxidant properties of
Artemisia Khorasanica essential oil in North
Khorasan Region. Journal of innovation in
Sciences and Food Technology, 11 (1): 39-57.

[15] Oussalah, M., Caillet, S. and Lacroix, M.
2006. Mechanism of action of Spanish
oregano, Chinese cinnamon, and savory oils
against cell membrane and walls of Escherichia
coli O157:H7 and Listeria monocytogenes.
Journal of Food Protection, 69 (5): 1046-1055.

[16] Ultee, A., Bennik, M. H. J and Moezelaar,
R. 2005. The phenolic hydroxyl group of
carvacrol is essential for action against the
food-borne pathogen bacillus cereus. Appl.
Environmental Microbiology, 68 (4): 1561-
1568.

[17] Baron, J.E. and Finegold, S.M. 1990. Bailey
and Scotts Diagonostic Microbiology. 8",
Toronto: The C.V. Mosby Company. 238-282.

[18] Kazemi, M., Shafizade, S. and Larijani, K.
2011. Comparison of essential oils composition
of stem, leaf and flower from Artemisia deserti
Kracsh. Journal of Applied Chemical
Research, 18:29-34.

[19] Rasooli, 1., Gachkar, L., Yadegarinia, D.,
Rezaei, M.B., Taghizadeh, M., Fakour, M.
2008. Relation of antioxidative property and
free radical scavenging capacity to the
antimicrobial characteristics of essential oils
from Mentha spicata L. and Chenopodium
ambrosioides L. Iran J. Med Aromatic Plants,
23 (4): 492-503.

[20] Mahmoudi, M., Ebrahimzadeh, M.A.,
Ansaroudi, F., Nabavi, S.F. and Nabavi, S.M.
2009. Antidepressant and antioxidant activities
of Artemisia absinthium L. at flowering stage.
African Journal of Biotechnology, 8 (24):
7170-5.

[21] Kim, J.M., Marshall, M.R., Cornell, J.A.
and Wei, C.I. 1995. Antibacterial activity of
carvacrol, citral and geraniol against
Salmonella typhimurium in culture medium
and fish cubes. Journal of Food Science, 60
(6):1364-1368.

Ay

variation in the chemical composition of two
chemotypes of Lippia alba. Food Chemistry,
273:186-193.

[7] Lemos, M.F., Lemos, M.F., Pacheco, H.P.,
Guimaraes, A.C., Fronza, M., Endringer, D.C.
and Scherer, R. 2017. Seasonal variation
affects the composition and antibacterial and
antioxidant activities of Thymus
vulgaris. Industrial crops and products, 95:
543-548.

[8] Orhan, LE., Belhattab, R., Senol, F.S.,
Giilpinar, A.R., Hosbas, S. and Kartal, M.
2010. Profiling of cholinesterase inhibitory and
antioxidant activities of Artemisia absinthium,
A.  herba-alba, A. fragrans, Marrubium
vulgare, M. astranicum, Origanum vulgare
subsp. glandulossum and essential oil analysis
of two Artemisia species. Industrial crops and
products, 32 (3): 566-571.

[9] Jafari, S., Moradi, A., Salaritabar, A.,
Hadjiakhoondi, A. and Khanavi, M. 2010.
Determination of total phenolic and flavonoid
contents of Leonurus cardiaca L. in compare
with antioxidant activity. Research Journal of
Biological Sciences, 5(7): 484-487.

[10] Sahin, F., Giilliice, M., Daferera, D.,
Sékmen, A., Sokmen, M., Polissiou, M., Agar,
G. and Ozer, H. 2004. Biological activities of
the essential oils and methanol extract of
Origanum vulgare ssp. vulgare in the Eastern
Anatolia region of Turkey. Food control, 15(7):
549-557.

[11] Daneshmandi, S., Soleimani, N., Sattari, M.
and Pourfathollah, A.A. 2010. Evaluation of
the drug synergistic and antibacterial effects of
cuminumcyminum essential oil. Arak Medical
University Journal (AMUJ), 13 (2): 78-82.

[12] Mohammadi, A., Sani, T.A., Ameri, A.A.,
Imani, M., Golmakani, E. and Kamali, H.
2015. Seasonal variation in the chemical
composition, antioxidant activity, and total
phenolic content of Artemisia absinthium
essential oils. Pharmacognosy research, 7 (4):
329.

[13] Gasparetto, A., Cruz, A.B., Wagner, T.M.,
Bonomini, T.J., Correa, R. and Malheiros, A.
2017. Seasonal variation in the chemical
composition, antimicrobial and mutagenic


https://fsct.modares.ac.ir/article-7-33484-fa.html

Downloaded from fsct.modares.ac.ir at 21:07 IRDT on Monday August 2nd 2021

JFST No. 91, Vol. 16, September 2019 ABSTRACT

Study of phytochemical composition and antibacterial effects of
Artemisia fragrans Willd. essential oil in different seasons

Younessi-Hamzekhanlu, M. ", Farmani, B. 2, Alirezalu, K. 2, Fathizadeh, O. 1,
Sabzi nojadeh, M"

1. Assistant Professor, Department of Forestry and Medicinal Plants, Ahar Faculty of Agriculture and Natural
Resources, University of Tabriz, Tabriz, Iran

2. Assistant Professor, Department of Food Science and Technology, Ahar Faculty of Agriculture and Natural
Resources, University of Tabriz, Tabriz, Iran

(Received: 2019/06/01 Accepted:2019/11/02)

In the current study, the effect of seasonal variation on the type and percentage of phytochemical
compounds of Artemisia fragrans Willd. essential oil was investigated. Herbal samples were collected in 4
different seasons and then their essential oils were extracted by the Clevenger type apparatus. In the
following, the essential oil compositions of each season was analyzed by GC-MS apparatus. In total, 50
different compounds were identified in four sentential oil. The major components of the essential oil were
camphor, thujone, and 1,8-cineole in different seasons. Also, the results showed that monotreptans were
the major class of essential oil compounds in September (91.87%), December (90.55%), May (96.32%)
and July (95.4%). The highest amount of phenolics (5.49 mg GAE/g) and antioxidant capacity (28.98%)
were observed in essential oil of Septebmer. Antibacterial effects of the different essential oils using
paper disc diffusion method were carried out on Escherichia coli, Proteus vulgaris, Klebsiella pneumonia,
Staphylococcus aureus, and Bacillus subtilus. Based on the results of the study, gram negative bacteria (E.
coli, Proteus vulgaris, and K. pneumonia) were more susceptible to artemisia essential oils in comparison
with gram positive bacteria (S. aureus and B. subtilus). The results of this research can be useful in
determining the best sampling date of this plant for pharmaceutical and antibacterial uses.
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