[ Downloaded from jispp.iut.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.23222727.1400.10.42.16.8 ]

Ve olo g sls B dY ojlad N0 M ALS 5 S, 5 unl B

SIS 51 s Sdlad ol 53 ) gl Ol g Y i S AP SU L s S
(Ocimum basilicum L.) Ol ; olE J 8 gl gims 5

Y \ N s\ - . . \ - -
MMJ ‘)b'g}?l’." &?’f"‘w*"u”ﬁl?““ L;é}d"\:.%)
4.:&_5) 54-:#")‘ em‘a gL;J'JJL.:S e.kmb 4@\.&& 0_9;‘ Mfejﬂ M,_w}) e@‘: gf}lﬁ omb qu&:—-ﬂu-lj a‘gjf\

PNV 5 alg By du )b YRR/ V/TY 1dl s G ,)

oS>

S 9 2 S Yo 5000 Ner 00 i) oyl i S WS SU il Gl 3T ) Sas bl e,
VB slam 3T Cl (b BT 055,08 STy (s (SlanSI ST Cd b JS A e 5 s Slsee n JW
IS s alas Sls o B s JosSU Oy ULl s 5 SWL sl YT S Glanst I8 Glans]
15 0sliil 5500 anlllan ol 3 S Jgans Sl b O (imlin 5 o5 S 96 LET 5 sbiinny JUub 028 et kb plovi
SIS 5T b B 5 il 55T (I 5 D300 ST (sl se S P SE S 1580 ol DL baeols LT b s £
S SUPSL ad e She Vo g0 Chl s ui SN (gl gme o it L SRl S sled g Aald Sl 4
SOPSE Bl I 5 UL sl VT e 5T e s edalin (5 035 p 8 p S 200 VB0 5 0 0 AN )
SIS P Sl B STy 5 VB Sl 5 Ol ST slagn 5T 0ls 51 5 5l OLE (SISl S
OF 51 (St iass ool s SAS5sbay s 0LE 5 51 aals Sl il (6,18, Jab 5 Jles codbplonl sla g 2 s 23y
Slszme Sl 4 e S 5l e Vb1, Blowy ol SlamST ST b B oS e Ulssn S SIS0 ) el & ol

Sl ol J b OLS 5

o3 K S s (I S 5 gl e ol SIS T BT b B (Wb o S GWLS el VT S 0 5T 1 sdS 05

S 5 ) S e Sl eslanad QLS Sl (gl 5o 4o dle
il Lol CgiS 55 Shas Shall s glywas 056 s oLLS 5l (Ocimum basilicum L) oo o L Ol
PRI Pt S CCR NP PURPY DS INCH e G LRI Shls S el Olelin eslgls Ldiyl 5 a2l
IS DL, il slaaixr 5 OLalS 5 Shas Ll 3 S (s nads (e BAs (ol slas el
O e Jolpe 4 (Ko HU ol gy 8 Sl ald a8 LS5 gl Ol il Gl s
SIS0 S 5 s pheed 5 Kb ool el bl ol 535 5 dpSClS ot (IS5 T o fge 45
¢l#l 5l S .(Hatami and Ghorbanpour, 2014) -l .(Javanmardi et al., 2002)

siavash.hosseinil9@gmail.com : SG s 2SI s SLis s ookinn 557


https://dorl.net/dor/20.1001.1.23222727.1400.10.42.16.8
https://jispp.iut.ac.ir/article-1-1463-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.23222727.1400.10.42.16.8 ]

VEve Jlu &Y ojled N M alS 5 S, 5 B YA

il Olgear OLLS o s cpl LU 355 s (6 53
e Olgea 350 plowil Ol Cadle 5 210 ol
Al dlesl o8 sl 0l (Y+09) 0 5 Lin Slidos ol
sldshe oS Sy Osedlewse 53 MWCNTS
doys S el (Arabidopsis taliana) e sdul)l
doeS) e Slad 5 by IS (ol i (S Oy Sleei
5 Tiwari poees (Lin et al, 2009) w5 S 50 ens
Zeamays ) &o,b glaamalS aS Lsls OLis (Y) £) 0L, Ken
MWCNTS 5l isen o slans b oS T ciShame 55 (L.
s Mondal .lesls _2ul53l 1, Of Gl 5 dd) (Lledd les
Liy 5 il o oS Ls S U (YY) 0L
o=l 33 MWCNTSs 2> 5> (Brassica juncea L.) oLS
S35 2 MWCNTS des s 3 Lacpl ool .l o
Lactuca Lile LS Cales glaai S Al 5 Joaler
Allium cepa [Daucus carota Raphanus sativus sativa
Cucumis sativus [Lolium perenne Brassica napus
Solanum lycopersicum  (Canas et al., 2008)
33 &S gladlas .ol s U3t (Villagarcia et al., 2012)
Ol s plewil (Solanum lycopersicum) (SG jsax S olS
oS ol slaody (i 55 358 L S sbd st sl
0> ol Gk Sl el e 5 A, L1 Zely
sba .(Khodakovskaya et al., 2009) & s o ol ol
v Ll s b sbd S bl S
sbdse slis oy » olaml ol,S Glagnss
ol (53 olS ols lagaly Eob 5 ol fuate aLS
Loy LS L oS s plis G5 mal slxl
g5 s Sabe lld (s gale e o alS 6 S
() JSE8) S 0 5 ils gladd b el ol )
A Ol el lis oS @ sl Jlas!
S Sl el o A4S o W 1) ly 5 S slaos
sy S (s 0Dl ied S 5w
P R VR N N [ e R T R
3T s, g Jsteme Olsea lanS! NADPH

(LS Glaptons 53 e 5 el albd S350
Gl S5y M LdJib ol ol oS sbdst
A sbade lad 5 Il ool L6 Olsls
s ot dske 4 a1y o) ge gesle 5 Al 5
clajksle axly K0 Bld 5l LS e 1 was gl
Sl JS5 4 o5 Ltes g 25l Ll L (sladl g2
Oo) a8 Gl (Jsb a5l Wledd slilaey sl S
03,5 55 Jold 5 enp Soslie ¥ St 5 (0l S Slmis
Single Walled Carbon Nanotubes 4V G (glad J 45U
Multi Walled Carbon Nanotubes «Y L 5 (SWCNTS)
.(Zhang et al., 2013) zs (MWCNTYS)
e 3 e Ol S ol el 61;;\0_&5“@&)&»
Ol Al 5 e Glaptemw 3 1 (S led Jsb
S w ol IS alS bl 5 LS s
Olgsas ) QLIS gadse cpl 5 Lol oS sladst
v oS At sh,s el &S gl o S
Sldlae 51 e o 13 gk e gesy slaas
Ll 6,03 OLLS 5 e ST 0 S sladd ) 56 Wilesls olis
osba ssdie bl O 3 G (e & sl
b s el Sgline cilite _alS bk Sy les 1S
Ly gal> e 4wt Al il glad S s G ol
sl Oy oo 53 o S5 Oy e 5 B, wlS
T e R IO UK g I S R
s .(Nel et al., 2006) ol &slae (il )3 ) Ole 5
Ld J50 55 ol sladshe oy 35 )0 Dl
s Gk L B e Gl glackle s
ool bl 5 e sl iSly c e VL slacbile
Sy Ciste K oxlg pln 0 S amy wlie (ke
sll 53 L J5b 31 315 53 L e s e 0L 355
5T GdGsl, a5l e W 5l L Sl S s
25 Ol ol slge gadss 0T 51 5b o)l
s Glall i el ol 5 Lo Sl S Rl
olad=s sl gy, el pls (Salata, 2004) .l


https://dorl.net/dor/20.1001.1.23222727.1400.10.42.16.8
https://jispp.iut.ac.ir/article-1-1463-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.23222727.1400.10.42.16.8 ]

T el i s ) el Olpea ¥R S S0 L Sl S

ey e N
o) Lre)

FMELL -\ ()

+
"
= } ‘
)
o . WD wviem i)
Sl at - |
N ) Lo e
Wi Jw ¢
.
b g e oy

Shikimic acld pathway

~ -
Phenylalanin Tavorine
4 AL v
’ Flavencids + Chalcone o— Clnmamic ackl . 3
14 (OH); phenyllactic
- 2
iopy acid
Calfele acid
- »

Rosmarinic ackl

v
> St T AT 5 i

(1¥20 01K 5 155) 456 s plie A5 5 OLLE alom G fomly 5 ba) sl 1 ool ) S5

L sy 9ol
Ocimum ) Ol ks Obw, ilwesbl 5 oS
5 3l (Keshkeni levello) J 4 ;Sis o3 ;5 (basilicum L.
Olomry glasdy s S g an gl olKls (65,58 Sliiows
Ap Sl o Sl s ey Gl LS Gl s o
Yo pla)l b (Sl GOl e S el oS
OGS Lk bl e sl V0 Llas ki, e sl
3 e sl g Pl B ocds pa L lagluls
Ll o s 03 iy atin G 31 e St 6K slaamalS
JUl Galety 5 anle 5l (6l S 0 2 OIS 4
03 amn Y B Yo les 0SS Lol o s OIS Lo esls
sk 5 b b s a8 sl amys Yo B YA Gy, Jb
Looaals by (Soub celu A 5 cele VT Sl
Kiws b osds ¢, Seslul) o pmmist L5 o
s Zush, 5 (Light Meter UT383 _Jlimes e .S
(CEM DT-323 by olSans b sl (5,551 TV
e Uy add S pile saSiils di, BB s
A el Ole )3 55 G oIS Solel AU
Lol ki 0 S A S APl L Sl
Jsb 5 eslioVe oy Jhb el Vot o)l
dgie) 0Ll s 65U Ly S 15 5l ey S VoY
o3l o Sns ¥ USS 5 Jsdsr S g (Ol —
Lol oS 5 dlesl Gl ang clackle s o ol

Ol dool Shodlos 5 Sl sanlr 350 0 Jld O3S
Slapm 3l 0dadls Eel 5 L e M5 a sl sl ly
Sk 0580 5 (PAL) UL el 0¥ s asle elos
53 5 oSl dile ooy Glad S50 L5 oS L5300
Ghorbanpour and ) .S o W1, 450 slacd sl culg
Ll o oS slad sl aile (g3l5e 65U (Hadian, 2015
3 Sdpbke gla Sty Gl I LSS Olges
ol (I740) OLes 5 oS S e (S5l
Sl Gl o8 sk 00) oS ke 5l eslizd sl
0r) St bange 15 ol pena Jllile o)l L S
i 5 SKidese glerle (sl b ds)s
G 3 AiSy S 1y WS olas S| s
S AIHL L olS Sl il sdalin (SL oS 55 (5 K0
ST i W €J§)J§‘~“ 0vr B0 slackle s
Sehie de Ady e o, V8L 00 1
O, «Sul 4 4= 4 L .(Khodakovskaya et al., 2012)
woars by cel el 4l gbadsle bl
5wl QLS mly S5 s a0l Soss
e D xals a3 b5 LT (s 5 3l g0 3l g el
5 S sl p oS o SU LS
PR Gass il edd SIS 0SS alacdan
b elns Ly oS AdsU A s sk

L rbu‘ dl>=3) o\ﬁg ‘-;)J L;\jbumgj&u,_mﬁ&ﬂ


https://dorl.net/dor/20.1001.1.23222727.1400.10.42.16.8
https://jispp.iut.ac.ir/article-1-1463-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.23222727.1400.10.42.16.8 ]

VEve Jlu &Y ojled N M alS 5 S, 5 B YV»

o)l L (S AP HU Sl ga - i

Type of particle

Multi Walled Carbon Nanotube

Purity (%)
Outside diameter(nm)
Inside diameter (nm)
Length (um)
SSA
Color
Ash
Electrical conductivity
Tap density

True density

Multi-walled carbon nanotubes manufacturing
method

> 95 % carbon nanotube (from TGA and TEM) >

97% wt % carbon content
20-30 (from HRTEM, Raman)

5-10
10-30 (TEM)
>110 m%g (BET)
Black
< 1.5 Wt% (TGA)
>100 s/cm
0.28 glcm?
~2.1glem?
CVvD

CVD: Chemical vapor deposition, SSA: Specific surface area, TGA: Thermogravimetric Analysis, BET: Brunauer-Emmett-
Teller surface area analysis, TEM: Transmission Electron Microscopy

{
a \ '
‘
- [
\
- y v
] ——— "
x
[ .
Baen Shiftien 1)
hair Spevtrm of BN with 0 20 Om

Ny

psai —C (SEM) o, SIS Oy S p s b Obl; ab —a sl ki S A Pl Ol g Y IS
(X-ray defraction) XRD (5 s8I —d «(TEM) ¢ 138 55 2 © gy Koo

A ol 0T (555 sa sl LT
Sheslinal S Jgd lg JS s Ol oo
McDonald et al., ) 4o o 280 — g O me
Il ke V53 (Spesl Sdb g S /)l (2001
LA Olo blo LS L sdel casay Jhows A sole
o i e /0 (V) sds 5l s las I 1) e v/0
OF 3l o 3l) (laiesl b oodd 3, ViV 0) el b,
Lo Blol byl 4 Vpe G Dl S e 25 S B0
e tllle B GUI gles 55 aids V0 Sdeas Wk pes

oKaws 5l eslinad L el Ve Cj.adjla BERN YR

3 oslitel b e A s Sledie 05031 Sl esliza
eSSk Yo s 0 D0 o g lle ki
Jid S 50 A e S ke 00 s S sl SSE S A
5 g (S 65U S8 L sddnbml BT aslie Cg)
Elma, ) (aads ¥ Sdeas 5 Oly £0) Ssml Iyl 51
> hdsl=e & sea (Ultrasonic S60H, Germany
S ele S dsl Sles Al Jlesl Ol olST ol5e pltl
Jlasl Oy olS (S o AT al e 5o ony baazalS oS
335 o s el 5 A sl a3 G5 VO Sl ey
5oedd byl Gbaplll Glag s Sl wia


https://www.iitk.ac.in/che/pdf/resources/BET-TPX-Chemi-reading-material.pdf
https://www.iitk.ac.in/che/pdf/resources/BET-TPX-Chemi-reading-material.pdf
https://www.iitk.ac.in/che/pdf/resources/BET-TPX-Chemi-reading-material.pdf
https://dorl.net/dor/20.1001.1.23222727.1400.10.42.16.8
https://jispp.iut.ac.ir/article-1-1463-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.23222727.1400.10.42.16.8 ]

™Y el i s ) el Olpea ¥R S S0 L Sl S

byt 3 b 3 FRAP S 2SIy i ol 3 FRAP
5ol SSsae 5 TPTZ L ol 3L 038
Gl Gdske Cdr e A3 A5 FeClg6H,0
53 5 4&33 10 Sl e ojlas cilie glackhle 5 S S|y
4 FRAP S =Sly s (s, Sesll gl 04Y o sad b
L FeSO.LTHO ol Jshms 31 dd eslinad dald Olgse
i eslial O sl S o ey () il glazbale
Ol olS ¢S ool Sl g e o FRAP e
(Galletti et al., 2005; Benzie and Strain, 1996) ..

Wagner s, 5l estizul bt S il sl (5 S0 5100
Al Vo el S a3l il Sl S eh0 (14VA)
—erem VAl SIS e Sk el J sl
0555 Joolb bysee el s Osla 0550 (e
Lses 5o BUI glos 5y Coles YE Sdews 5 LS anse, 0SB
sooss Verer Ce o b ol ojlas s esls 15 L
o0 Jslee ol 5 S Sak Sl 4235 10 Deas aids
ol a5 535 Sl Sl eslinal b 2l 000 2 sad b
YT Dol () (il s b S Gl
S dsle s akaly 51 eslaad

A=c¢ebc
uﬂﬁcdjlzﬁéjyubeMbuwa';MCJbuA

(65 » pS5ke) ke Jslma Cllb 5 (o Sl) &S
il Sl Sl e YL s"d'j el
YOS ok o eslinal (V4AE) Aebi s, 5l VB
o L (PH= VA L Ve de Vo) Slas 5L o) Lo
i b as il ojlas 5 (GYse le ¥0) HO, 1) e
by Sy e sl Vi mgedsb g Ol el
13 S anlee 15 Jse 3 b e Bl Cllad 5 A (5 Sl
Pl Al (MMM = (6,5 cle Slais 1 min
(slope) x sty b gses v.>.=>-) I 55 o 5 (0.0436
mM*cm™)

Seslizal b 3T cnl eIl 5lanST f,;.si N[ P

oLl (WPA $2100, UK) UV-Visible s 55 55 <l
s O ool b ladises s J b cBle ol 5 Al
A el el SIS 5l

Vool ool Gl gl 1SS A8 9N Olie (s
2 NaNO, )5 o VO ol ponay il ojbae iy S
s Sl V00 e A (IS dids 0 Sleds s
by U Sdeny 5 oAb 6lol Jylee 4 doys Ve AICH
Bl Vsn s g 2l S 000 0T 4 e 3 ST
0V zsedsb 3 Ol (o5 ol 03 S b e 5l gy 5
oot ojlas > Wg b IS Olpwe A okl 2 gl
(Chang et al., 2002) . 0Ly st 555 Jales p 5 s

23 ALS Wped 0 5 0508 A Ol s Ly
Oisen Loys S (TCA) el Sl 5 IS 5 1l e ¥
£ les 5 VY0 v g 5 dids V0 Sdets L gad s €403 S
S VO 4 e S G Sl 5l S Sl 4o
Db Ve el Sl 5L e VO (g5 J sl
Blol Voo K pnly oy 1) Jee Ve 5V dsles pH L
oaws 5l eslizal b ek sed O5sodes Sl clle s
Ikl oo 5 el YA mgad b 3 me g 85 Sl
oS 5 05s S 2 sl V0 b Lio Sl ik s O
.Loreto and Velikova, 2001) . (s 5oLl

ol 5> DPPH gy b laeS| ST el s
T8 o ey bk ge Jlie Jsboue il los /) 18l
bl bl slad ) s DPPH ) g Jbous 2 Lo
Wl o (S s 5 U los 53 s Yo 51wy 5 A2
okl a5 5y Sl Sl eslinad b e gl 0V 7 ped 5b 53
L s 5 ddaly b eS| T ol Ol
«(Saha et al., 2004)

Al = 0 sl ST Sl ds s A= (A-Ag/A) x 100

ol A = O gllenSt sliSlee (g5l Jsloe Sl
k) bl sose S5 s O s 8 S sl
Ao = 3,106 545 (oollsl b o ylae

SKp SeSel = GlanSI ST O, ey


https://dorl.net/dor/20.1001.1.23222727.1400.10.42.16.8
https://jispp.iut.ac.ir/article-1-1463-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.23222727.1400.10.42.16.8 ]

VEve Jlu &Y ojled N M alS 5 S, 5 B YVY

DV ge5,5 010 sl cm sl osbas 2y S Ve
2l e S MY R PH L Y es Son 00r 5 3L
YV o les 3 aids Ve 5l e 5 Al esbel s 1 e S
b odeed SObesS @ iass Jodd ST oS sl a s
e Jlji 0 el S S I e 100 030l
Lwg p-coumarate JSis b TAL o3l oJls s
A5 Sl gl TV msadsh s e s shs Sl
.(Beaudoin — Eagan and Thorpe, 1985)
Wil 2 b opon bl ol bl Slub
Slaesls (bl Slwbe 5 A plnil SIS an b bl
XY ases SPSSiple 5 ) eslinal b hlesl 51 ol
glaals L O3l 51 bappSile alie gl 003 S ol
Y\ s, Excel Sl5le 5 5l aglagas ey Sl s Sl
+ SE oiasilis (63 508 (slasl ba [0 oles 550 oslizal

Y N o Wop- RPNV P PP LR PP
B Ol zoslms i (oS sladd 5l s 8 Al sls 0L
b S 5 ald Gadisel @ Cond Olm, oS s S
i 5 o3 0 el a3l ae M (STl
2 (G855 05 2 Jsms S IYAD) J58 DS 5 Ol
Ol nieS 5 S IS0 &) e S Yoo Jlas
ds S Sl 5 (50 p—f 2 Jses S N
53 oells el a e L U(F SE) Ad sdalis
Saaised 53 IS Liss s lyme hos 0 Jlam] <l
dali gladigel 4 Cond S @S0 Ll
Chle 5o A8 Ol o i Suils Hls pme Ol oS
Ol (i feS 5 S W50 51 1) p e S e VO 500
(& JS8) as edslin 2, oS ke Vor ol s
T O e B
S sl Ol dals ladisd 4 Cand (gl ame il

» (G 0is oS 2 S YY) OF Ol op i

S s S Vev L sden (V4A0) Upadhyaya 5,
e L) als a5l STy bl 4 s T o jlas
(/. HiOz 5 7Y JSLE pH= V L Ve Lo 00 Slins
O gl ST 2385 plonil alasly & sl e s sl
el Y maadsb 5o B0 a s 5 adds S Ddey
Al S el
sl A=l (MM/MIn) = (6,5 wds ol s 1 min
(slope) x sty bglss r_?&) I o5l oo (266
mM ™ cm™)

Iy sl ol 5lmSt by iyl el
5361 «(VavA) Mishra 5 Kar 5, 51 eslaead L slaas]
Slind it BL 3 Je Vo els STy bgle s S
Ve e Yo HyOp s S Voe pH=V L Y ge s 00
oobas s S Yo 5 Va oo Yo J5 s 2l e Yoo
Aol Y0 mpadsh s aSls bl il gy el
b e Pl CIeE 5 A el 4d3s S ey 560
S e 25 Jse b beddtd 5 IS5, 55 s alanls
s Pl Al (MMImin) = (6,5 ol Sl 1 min
(slope) x sty byl r},,;-) I ol o (247

mMtcem ™)

w3l ol Sl UL el YT ftd L ﬁ;I s
Voo s g Seslll ((VaN0) Zucker iy sl eslanal b
Aol Sty bl 4 il ojlas 51 i) S
-L I e w05 (PH=A 5 N e JLe 04) Tris—HCI
00 O3 Salol b sty as wlol N e Ve o0V L
el b 5 s B e Jlo 5 0 el SIS 25 S
siliel g S1oeslid b gl YA zaadb s
A dles jaseie glachle st Kol

oS S HTAL) ULl pia8 myl ol
YL S sl w1 sles 53 Ol S esb L
PH L ol S 5= s 5 N5 2700) a5 3L 2 s
35 bl se =Y Ve Lo V0 ool 4 WE Jslee
oo ekl bojlas 8, S el o

Sal= Sty bglse a5, Sesll (Vav) Bradford


https://dorl.net/dor/20.1001.1.23222727.1400.10.42.16.8
https://jispp.iut.ac.ir/article-1-1463-fa.html

TV el i s ) el Olpea VA S S0 L Sl S

JS I sl g
(5855 ¢85 2dps S

0/4
0/35
0/3
0/25
0/2
0/15
01
0/05
0

50

100

150

200

AC

(A 2 e Ssher 00 I 2 9) AC 5 (S 2 5 o) (525 sl s sla cale

5 Sl ESE IS5 aw 5Kils ¢ palie Obw, olS S g Olpe p b op S 5 oS APt il slackls U v JSs

s e OLES (P<0.05) QSSB C)_,a)i bl g Laesls wga\.:n 039 I3 pme (G g bl ;2 By

[ Downloaded from jispp.iut.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.23222727.1400.10.42.16.8 ]

~  0/0014 -
% : :
55 00012 - &
B 1 » L !
5 % 0001 | % i Jg_ b
3 v 00008 1 3 b :
4 3 W0es e 3 ; : 31
Re) :
\.’.l) --.|‘ 0/0004 1 % % E§§ i > rir
00002 | [i 34 3 } 3
31 3 % $ 58
0 4 . o . .
0 50 100 150 200 AC

(e S she 00 Wb 0 )9) AC 5 (2 1 08 (o) (8 0 U Cilisue gla

5 el ESE IS5 aw Kl ¢ 3l Olow oS S A 5N Ol p Jb op S 5 S A It il slachle 5T -t K

s o 0L 1, (P<0.05) -STls Oga5l ol besls Kl 0395 s ms (A st wlie b g

e oails (FRAP) &G Saustsl - Slaws| sl
A e Sk T 2l s SISl cpols
(A 5V KE) s edalie oS st
2l on 4 g b0l S ‘5uﬁ,~si S lad
el el (oS Gl Bl chle il ede] sy
DL p e S Vol s tals Sl VU
DIBl A e S e Yoo ke B oajlis OF 51 ey el
5o St Jge b rw'j Cled 5y s (4 JKE) il
Se S SIS A e Sk Ve Bl s s
Yoo chle B ol 5l e a5 A2 edalie cdl il

O K2 sls 0l rals ot s 1) e S

L salie S g5t ) e Ske Yoo 2kl
(0 5
(FRENS PRR W WY GO g R WO {J] BN | PE
Chle Bl LA sdalie slal Gt ml 4 ey
OB Diodes LSy Gl S WS
Sl Slyme il Sosba 05 My b pee
siS SR A e Sihe Yoo 2l s O5sue
Aald S s OF a8 5 (5 053 08 2 el V4/Y)
(K8 as salie (5 055 p 8 2 Jsesl OTY)
Al @950 il Glasled sl 0L il e

Sl 5 DPPH ST sladsl, Sles pr Lls e


https://dorl.net/dor/20.1001.1.23222727.1400.10.42.16.8
https://jispp.iut.ac.ir/article-1-1463-fa.html

YVE

S S8 5 Al b

Veor Jla 8y a)la..fm\' JJes‘;h_/

4
a_+¢70000000000000000000000000

HEEEEEESEEE R RS S SR ER R4S
e e e e e e e s e

e e e e

0/0008 -

0

0/0007 -
0/0006 -
0/0005 -
0/0004 -
0/0003 -
0/0002 -
0/0001 -

)
>

(7 59K S e

el il ind

200

) 558 3 5 e s il

150

A el
ol g8l Ol 2 I S 5 S P50

100

(A 2 g5 skee 01 UL 12,) AC 5

\s—oJS,:

Sls 0392 513 fme (D g 4Lt b Sy

£

B

el

Obw ol

9 S

[ESE 1S5 aw opils

H Cew

.Mbd ols b (P<0.05) &S.": Q}Aﬂ wLﬂ‘ﬁ Laeals

e b O BB b |
B B 5 B 5 B - 508 |

< HH S EE RS S SRS S E RS H 44
HH S EE RS S SRS S E RS H 44
hhddn sl il iillalillill]

FFFFFFFFFFFFFFFFF99
= HHE RS EE S S SRS S S S 40
AR EES SRS S RSS2 S04

~] =] @0 Y= -+ ~1 [==]
- ]
(affp# d o £y

M {5 Froein

[ £0-20-G20z uo Jrgeinrddsif wouy pepeojumoq ]

AC

3G e 8 ) (oS s 8 ik ols B

150 200

100

(i 5 5 e 0 JUsh 11,9 AC

+SE )‘ﬂuaﬁ\-f Lﬂ:“ bl’h}d ol

50

b gss

£

#

PINEKAY

Iy clle p dld S 5 a5 At A

059,52 A

Z

s o 0L 1 (P<0.05) SSls 09031 wlasl 5 Laesls wf.»\._w 05 yls e A0 g wliaa 8 g > 5 ol

[Xsezessseserer|
A EE S S S0
S b |

A4S E 4444444444 H

- N“OOOQOOOOQOOOOQOOOOQ?
e e e e e e |

T T T T T T
(= [— (= [—.— =]
o w, =t o &1 e

(% IV)
oy R s e

150 200
) S 3 5 e la Ll

100

50

(A e Sdhen 00 Jd 0 ) AC 5 (A e £

b v s

B

ol gSLA - r]. H

Sf 2 dWd p S s S AP

o IO

T

s o OLES 1, (P<O.05) Sils & 9031 wlul  Waesls

Sile  p3lis Obwy ol DPPH by, 4 gldenS|

A

@Li.aﬂ.éx_éjfjs;.«JiSE)bﬁ

OAJH J|:‘§aa cLﬁb ~

b

[89T°2"0T"00VT"£2/222€2 T'TO0T 02 “H0d ]


https://dorl.net/dor/20.1001.1.23222727.1400.10.42.16.8
https://jispp.iut.ac.ir/article-1-1463-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.23222727.1400.10.42.16.8 ]

Ve Ll il s el Olgen a¥As 0 S s S0 L ks S

a & 40 - a
[++4]
TE W
= 3. W T 3¢
% 25 - q 33!
9 35 2204 ¢ 33 ¢
12 3 i3 ’
=) 2 109 i i3
3 5 3 333
Y % 3 33
’ 0
5
0 50 100 150 200 AC

(i p e Sen 00 Jb 00 ) AC 5 () 2 p 8 o) (58 055 56 e gla cale
o 55k polie Olou s ol FRAP g, & S1anS| 8T b b Jlb oS 5 o8 Al cilime glackle 36 -A <o

s e 0L 1 (P<0.05) SSls C)_’ﬂ}i ool Laesls J’S/A\y 339 yls gmn (O g wlin b Uy > 9 Cwsl ESE LI SO

— 6 n
' a
= 5 1 1333
. 3, +o4
3 333
RS 47 332
* h 44
S 332
b N 1 3 A +44 +44
Y s C 44 +4 44
T 332 3 332 ¢
h) x5 2 pees 33 3 po o4 4
= +ee +o4 d +4 +44 +e
W +ee +oe +4 +44 +e
a2 1331 i 3 332 3
o - 1 A +ee +o4 13 +4 +44 +e
2 +ee +oe +¢ +¢ +o4 +e
s04 +44 *4 *4 s44 +4
2 g2e 3¢ bo: bo: g2e bo:
-y 0 hasd kaad
~ 0 50 100 150 200 AC

(A 2 p S ihen 00 Ul 0 S) AC (il 2 05 (o) (48 a3 86 e sl 2 ale
jo;.u‘:i:SE jﬁu‘:ﬁ.{ﬂg gﬁéuu .b\:t.u ASJ‘YU\S r._gjﬂ C,.:.‘wjtdw d")s}d"'; Uﬂjugﬂ%duwﬁj%—\ JS.;

s o OLES T, (P<0.05) SSis b_,«a)'i bl Laesls Jﬁ;\.'w 039 I3 s (G g bl ;8 By

)
]

JOR
=
{

Adss

a2y

| ettt ettt bttt
FEELE A4 4000000000000 04
e e e e el e e e e e e

1

betd o
24
239

-+ (=1
[ 2444
-»000005
Pesssssd O
¥

kS5 J S 35
(503585 2
=== (o8 L= =) =2}

[—]
th
=
[
(=]
=

150 200 AC
(A o5 hen 00 JW2 00 8) AC 5 () o5 heo) (a8 s 56 il gl S
IS 5k polie Ol obS ST, JSLE (.i;.ﬂ CAl L Jb op S 5 oS Al il glackls Sb -V S

..\Abw olis |) (P<0.05) d‘g'"; Q‘,ﬁ)i wLﬂ‘ﬁ aosls ‘,_.iat:.o Q.S_,.: )‘AJM g\.hdj.» MLXJJ.:& JJJ&- K <l £SE


https://dorl.net/dor/20.1001.1.23222727.1400.10.42.16.8
https://jispp.iut.ac.ir/article-1-1463-fa.html

yva

S S8 5 Al b

Veor Jla 8y ‘JL"J" AK Al?s‘;h_/

HHEEEEEE S S S S 4]

se0040400400004]

HHEEEEEE S S S04
HHEEEEEE S S 444
A EESEE S S S 24

ab

HFEEEEEES S S SR E S S 2]
<=} A EESEEESSE SR E 444
. e, e . |

i i B B 5 |
HHEESE 444

ab

T T T T T T T
L= T i -]
Lo I o R o B o IR B B

100 150 200

50

(A 7 e Sshen 00 I 29) AC 5 () 2 05 o) (525 86 il o il

(BSEAP K e ¥ L0006

oD |9 D e v

-0 s

Sl 0399 3 gms WD g ailis b g > 5 el ESE

s

B

PRSAT

W dbd (n S 5 (8 ddpb il

o

e e 0L, (P<0.05) &ﬁl: O30 bl Laesls

ST Iy o5

NS aw 5Kl palie Slowy ol

oy s

»

s
s

b -y s

»

4409000000004
PS4 9000000004

cd
AC

£ il oo s

slackls
slckls

o

wfﬂyﬂ b-‘o}})‘bd'«-m (FRP ‘UL-:-ﬁJ:.F J}f}s}..J:l:SE )|J§.‘i

'
. oo
X > 3
> 15 - = Cf 2
Trreeiieeeeeeereeeeee] o 2 feeeeses S = W
LRSS0 s000000000 000000 Y < HEeesses 3 =
+4ssssssststtsssssss] i 40004604 280 ~ vy
~ )
5N 3 0%
R
o [333333333333333343] ; a—Beasss >3 w 3
192829020808089490849| 3 Peessssssceeetsssssssss| .w
3 3
. N
i, 3
[22220000000000 004 . pee s w
= 36666666666666 H—1 .w O e o4
$essssssstssssses] = t .5 v

%

=

r7!

.Mé& ol |) (P<0.05) u.gal.: by)‘ d"‘l""'b“ aosls u':g’tz" &.5_,3 )bd'.u [ERPS: 4.:\..‘;# ):9 J‘gf K <l £SE

RIS

P44 449000000004]
PEES449900000004] W,
0 |

'Mbgf OlEs |) (P<0.05) Oﬁ‘.‘o Q"sﬂ U‘“'L'"|J‘-' [P

be

SWLS 5!

SH44 4900000004

Wl ¥l Jb o 51

o4
-+
o4
-+
-+
o4
-+
-+
o4
-+
-+
o4
-+
-+
o4
o4
-+
4
150

(7 2 0 S er 00 Ul 29) AC 5 (2 o

o $90956080-0-000¢ I
_
I T T T T T T I i 1 ]
C W T MmN o= o
argEte " eg- S & s & & &
“ Fdecad )

(@ A FI KD o

-

PfD |6 FOC A

Mugatyﬁ polis b,y LS
NS a5l p3lin Ol ol

[ £0-20-G20g uo Jrgenrddsif wolj papeojumoq ] [89T°2"0T"00VT"£2/222€2 T'TO0T 02 “H0d ]


https://dorl.net/dor/20.1001.1.23222727.1400.10.42.16.8
https://jispp.iut.ac.ir/article-1-1463-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.23222727.1400.10.42.16.8 ]

Wl i s ) sl Olpea ¥R S s S0 L Sl S

5SS Olsea oS 5 cpl ol asl 55l 58 (LROS
S5 Ok 5 iledled 4 e Wlg o Olusply DLS S
(Zhao et al., 2005) >33 4 5L cbaodsle Wy 55 |
5 A5 DS 5 R e s pl Sl el i b s
AL 55 Gl Il Gles IS b s8]
a4 bl 2 e Sk T U S sl st s hle
o 53U sl VT e sl 5T b il s
Sl el 5T sl el s sl UL sl
Sl i 45 250 0 Aol Sl sS 5 sl Sals A 5
Olyen (p o ikt IS5l s pp Job e 03 J58 DS 5
DAY » e Sike Vo s 0 e s IS usssl
dals I b Sls me ol oS A sdalive S g4l 5
ool il b S ) e Sike 00 Ll
ol sl Ko Jge SlS 5 Ol w0 olS Slus] sl
Gk s s Coanl Bl Sl pme B OLS 5
Lo a5 — a3 5l b —OleSd e
23 2 SlS 5l Ceal @ a5 L (Osawa, 1994)
ol a8 S e Sl eslinal (ol OlLS S cxle
ool a3 5l L e oS 3 SLS 5l Ol 03 VL
ol Sl YL
SISl L b i S e sl
D oede tagh cpl 53 aS sl s 0lalS
Soeslizal b SIS b b S sl
- SlSl T oy 5 DPPH sl JIGsl,  sla s,
i 23S 3 lesl 356 (FRAP) b Sausls|
sdas Ol geas ad g aile SLS 5 STy el » DPPH
ool 55 FRAP s 5 DPPH sl JICal, b 5 s
Jdsa .l FE b ¥ gl s Jsb oS 5 bl
Slr s Lo Sl cl g (AL LS S s s s
el B oapd eslinal oS Glesl BT b
S b Sl 5 spd ekl e b
Yoo clle as edalis FRAP 2y, o Slas! i

eSI BT e b op xS IS0 ) e S ke

S SN B I L 8 sl Tl
O S8 sl il

SWG sl 505 53U sl oV Js 5T el
LWLl ciss 5 Wl Vi sl ol
Oljon ool 5 513 L2 G531 o S s ke
Ay 355 Olen (i a0 A e Sk Yor Bl o
QY 51Y JS2)
Eou
SBSUE 5 et s e Gl sl Sl eslind
S 4 e e GlalS e I cod LS lad sk
Crism S OS5 Sale bl s s
sdalie Oliie 3l (ol D580 a4l oy sl
Sl Dlgoty oS SadJ 56 51 sl S Wes S
ool (Sple gladnl 2 5 i,y glaasle e, 03
5 obel bl s sl ool s e 15 56w
eed Son Db 4 Sl b STy w3 Rl
Slagtoes b JuS0Le 5 ol Jld o S Sl e
Ol,Kea 5 Khodakovskaya .das . ol 1 o
o)l ko S sl gU 5 esliad Lsls oLis (YY)
53 d K a8 elS 3 s s SRl el
S 5L Sl esliul (ol ol aseia Olallas 5
(ROS) 0581 Il o S A 55 a4y e Ll o S
Olsea b slad S opl 4> S1 (Tan et al.,, 2009) >
AL seisldy bl e olcadle gld S
5P A e e Ll e s (pl Ll s
SIROS Wy 48 ol g0 5 opl 5 g OF S o
Sls o3 2y Fp Jske Glasi sl e b ol
A bl 3 wdo sbal b pslinst Sl ,cedle
S ET i Sl 5 ROS W o O35 &
! s> (Tripathy and Oelmuller, 2012) 5,5 Sc
Tor B S sl Sl SIS slalie ey,

S Olgea) O5sden LSy Slsms 2 p S s


https://dorl.net/dor/20.1001.1.23222727.1400.10.42.16.8
https://jispp.iut.ac.ir/article-1-1463-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.23222727.1400.10.42.16.8 ]

VEve Jlu &Y ojled N M alS 5 S, 5 B YVA

5 mpl ol s il (Lin et al, 2009) &S
2ol cpl Sl a0l S sl glasles
Al Vs lsme O 6 5 sl ol e
L spd e sdalie Sgysbolen ool SUL AT YT J
b aslie 3 S A3 5006 5y slsmme Ol w3l cpl
dey o i S el enls OLES ol 3l dals (lad yas
5 I OS5y OBaS e Olsea il g3 cpl &S
B8 3 S sl (S BT e bagile 5
Gl W5 5 olS wlax 848 mul 03 L
53 ol Sl W Cel Olasply LS 5 Olsea sl
Ghorbanpour and ) Wledd 4 56 slacd sbe 455 5 o 5
glasl L ol ays mW (Hadian, 2015
oSl s e (Y4)4) 0L 5 Ghasempour
S5 oS5 W slachle 5 UL T VT s
oS I8 5o oS sl IH L eli s gladisas o
SSosbas s)ls Jlses (Catharanthus roseus) ils
e 03 WL sl 55 5 SWG sl YT 5T s
e slie eSSl (I8 LSS s
5 oV Oplials Go b 5l 6 dmen Wil fud
Sl S 5 deal Sobiws A58 4 e S S0 i
Mg Jsd OlS 5 Sbia Gk ol 5 s Lsbe
Sl S sl Pl S G sl
DBl 5 WG sl s s SWL sl VT b a5
P (Ses Kl e Shasg ol 03 JS 5l
Wy Koo b Jod bS5 Wy 53 bl ool Sl
Aas ol ) olS 5t sl i
SV 5l el 51 el na, =4 s L
Cles Ol oo S P50 chle [l b ad edalie
Oaadls Jdsay Ll e &S Wl Sl 55 iyl
Sba S 03 Sl Cgr 53 ol Sl sl e
SO KW {9 m‘j S50 5 a3l Lol 05ST Jles
Ole S sl ke (il Loyl sdalle

s Ll e oS ol osls 0L il 5T cpl ol

ols s chle VU sdasplil & culyls g
G5t clle il L Jes ols 5wl olas| ol
sdalie Sgsboles ol 2 o S Je Yo b S
A5 SIS Chle IS LS s gl A
35 OleST 2T e b 05l L aS ol eals ol 2l 58l
Sty mll 4 4y bodas e 0L SNPGRS
(S Ut il e 53 DPPH 55, 5l sl
om0l s Sul ol st ST es bkl
4 b e 1650 Ol (p 28 o Dl pne Lz lale =
Cob it S cud ) e S ke Yoo chl
JGsl, Sl @ oaxg b odas e 0l 1, Slas] o
STy 3l JemS aodn 058 (5l OS5 L i DPPH
JeSsodn 55 B adl> 5 a8 oladliig DU L5 500 o
05,5 Sl b &S Slag,l ladeal iz 5 LI
Roginsky and ) s34 o3 STy sl Ll S5 0
5 Sl g el s Sae (lyls pl ol (Lissi, 2005
sl Jlexl &S 3L s ool 4 Ll e sdodalin amss
5 DPPH L S 2815 oS 5 e el o
b eds et Jilesl gl el 4§ b s oley ke
Ll e Sl Cul S b Ol o4 Bl
sds s Sl e, L (YeY0) Hadian s Ghorbanpour
5 DPPH 3T sty chusy <l oplps L oS
RS See Ve Chle S L et l 4 S8
S T Sl Ul sl S a0 51 L
ol Sl ol S aS el Sl o) S5 oslas s
3403 lseen OUT lallas L sy,
Sl S U0 Chle (Rl L el ool s
5 Mk U8 eedalie 52 500 sl s sad W
ol il 5 Jid SLS S e Sl oS A3 odalis
A3l TAL 5 PAL o3l 55 ol Ul Jsa 2l
i s OlS s guls gv-i}j < Olyea PAL r—i}j
oo 3 baisls, e s e U
S 1) el St a0 VT 55101 2 & pailiel


https://dorl.net/dor/20.1001.1.23222727.1400.10.42.16.8
https://jispp.iut.ac.ir/article-1-1463-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.23222727.1400.10.42.16.8 ]

VA el i s ) sl Olpea a¥Ae S S0 L Sl S

Olpme Il Cr 5o aly 0o Sy 5 ol loy e 5
g e 2 A1 L el QLS )by LS 5
S e e el el Pl ol 450 gl sl
Oy olS 3552 5 b Olye Sl ) sied!
Slidos U LS a3 1) ey ol Bl e el adls
s e QLS (55 Loy sl cnl 13550 03 (5 2t
g bosspal & |z e 8 el diad sl sl DS S L
S g 5 bl gl BeS Carexr A2 4
ool DLS 5 Il alacd gl gsls JLLS 5 aal U
W Lol el Gl L OWLS
Ll Cel Sl s ab O e Sl sl
b SRl S Gt S b s
L sl ol K15 e a3ls LS Olow, olS 5 Slauns| sl
Gl o ol eglie Olg GRS s (S e Ol psa

S B re e 5 S s S S Jeol sl

S S 4o

S0 Sl eslinad &S Wl o p o Goiow onl 8 )
AL dg olS (gl oS Bl s andl (S e e oS
Sl 4 e 5 ed gy S SIS ST cdle , Klg
5 5 SLS 5 Ol i 258 olS w50 Glac ) sk
Sl s als ke boaslis s glas! o e b
Yoo g;)ﬂl& L ol )L@.:.? LSLAM}N )J cdtx.ﬁ u.:)S L> ol
A edalie 1) e S s

Al oaadlb 5 5SS Ol Sl
oS 55 St gk sl s s Al slas)
Yoo Chl s JS Jpd Ol ntie s sl Sl Ol
Ch 530 SlnST I3y T sdalin 2 e S e
Amiot et al., ) &S Las LoaSsl |, Jed olS s
ol S Sl cpl by (1992; Coseteng and Lee, 1987
3y sdalin das o LIS 35 511 Slab o xS o 3
el Sl s Sl e 53 S sl &S
Oli 55 (Y+Vo) Hadian 5 Ghorbanpour S ¢ sbolkea
R I
(S s e Sl el (e 53 2,55 8 1)
Sy eipe oS s SlS| ST cdls 5 A g
e 3 S oyl Yoz 555 o~ (Satureja khuzestanica)
Cilie Glam 5l Sl sa Ll e 456 Glacd gl
il UL sl VT L 5 51T gy Gl e
Sheslanal a8 Wisls OLis (Y410) O, Kea 5 Oloumi -y oocen
Sl 4 e Kl e Sy AeST 5 e eS| S350
(Glycyrrhiza glabra L.) Ols p ol olS 55 Jgb SUS 5
Sy Lsls L& 50 (Y2Y) OLKes 5 Ahmadi .5 53
o baojlas eS| ST b 5 W50 (JS Jg
S e o il 551 SI0, ol 3 b il glaclale 56
adlae ) 3 S @Al Sl eslinal IS, ba,
b oaedl Gl S SSs eon sk
Ol b gl 5 Wt Iy (glgme 5 bS] 0
Cwd b il 4 e Ll e eslegl pl Sl eslial ol
335 oSl 53 A3 SN 5 Jgb sl SlS] ST

L;:YL: M‘J‘MJJ‘&)J\JQLMSJS &J\debni)ets

@L’.e

uéjj}ﬁ]& Slas B e)‘jib J‘.&- J"JS LSLA“J})).:L: JJ‘ (\Y’qo) . cab\)'ga 9 )L»).@A nga.?l;- L.Jj...a.lé ‘)‘)-jOL’J-E cd.@J‘ ‘Lf“’<>
£

ol 0blS i | Sis i oo (Salvia mirzayanii) JKVJJ oS Slasl sl co by Jo ols s

NAV=Yev AY

Aebi, H. (1984) Catalase in vitro. In Methods in Enzymology. Academic Press, San Diego.
Amiot, M. J., Tacchini, M., Aubert, S. and Nicolas, J. (1992) Phenolic composition and browning susceptibility of
various apple cultivars at maturity. Journal of Food Science 57: 958-962.


https://dorl.net/dor/20.1001.1.23222727.1400.10.42.16.8
https://jispp.iut.ac.ir/article-1-1463-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.23222727.1400.10.42.16.8 ]

Verr Jlu &Y oylad A A alE 5 S8 5 al YA

Ahmadi, N., Hassanpour, H., Hekmati, M. and Ghanbarzadeh, M. (2020) Effect of SiO, nanoparticles on phytochemical
and anatomical alterations in Anthemis gilanica. Iranian Journal of Plant Physiology 10: 3223-3231.

Beaudoin-Eagan, L. D. and Thorpe, T. A. (1985) Tyrosine and phenylalanine ammonia lyase activities during shoot
initiation in tobacco callus cultures. Plant Physiology 78: 438-441.

Benzie, 1. F. and Strain, J. J. (1996) The ferric reducing ability of plasma (FRAP) as a measure of “antioxidant power”:
The FRAP assay. Analytical Biochemistry 239: 70-76.

Bradford, M. M. (1976) A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Analytical Biochemistry 72: 248-254.

Canas, J. E., Long, M., Nations, S., Vadan, R., Dai, L., Luo, M., Ambikapathy, R., Lee, E. H. and Olszyk, D. (2008)
Effects of functionalized and nonfunctionalized single-walled carbon nanotubes on root elongation of select crop
species. Environmental Toxicology and Chemistry 27: 1922-1931.

Chang, C. C,, Yang, M. H., Wen, H. M. and Chern, J. C. (2002) Estimation of total flavonoid content in propolis by two
complementary colorimetric methods. Journal of Food and Drug Analysis 10: 178-182.

Coseteng, M. Y. and Lee, C. Y. (1987) Changes in apple polyphenol oxidase and polyphenol concentrations in relation
to degree of browning. Journal of Food Science 52: 985-989.

Galletti, P., Di Gennaro, C. I., Migliardi, V., Indaco, S., Della Ragione, F., Manna, C. and Zappia, V. (2005) Diverse
effects of natural antioxidants on cyclosporin cytotoxicity in rat renal tubular cells. Nephrology Dialysis
Transplantation 20: 1551-1558.

Ghasempour, M., Iranbakhsh, A., Ebadi, M. and Ardebili, Z. O. (2019) Multi-walled carbon nanotubes improved
growth, anatomy, physiology, secondary metabolism, and callus performance in Catharanthus roseus: An in vitro
study. 3 Biotech 9: 404.

Ghorbanpour, M. and Hadian, J. (2015) Multi-walled carbon nanotubes stimulate callus induction, secondary
metabolites biosynthesis and antioxidant capacity in medicinal plant Satureja khuzestanica grown in vitro. Carbon
94: 749-759.

Hatami, M. and Ghorbanpour, M. (2014) Defense enzyme activities and biochemical variations of Pelargonium zonale
in response to nanosilver application and dark storage. Turkish Journal of Biology 38: 130-139.

Javanmardi, J., Khalighi, A., Kashi, A., Bais, H. P. and Vivanco, J. M. (2002) Chemical characterization of basil
(Ocimum basilicum L.) found in local accessions and used in traditional medicines in Iran. Journal of Agricultural
and Food Chemistry 50: 5878-5883.

Kar, M. and Mishra, D. (1976) Catalase, peroxidase and polyphenol oxidase activities during rice leaf senescence. Plant
Physiology 57: 315-3109.

Khodakovskaya, M. V., De Silva, K., Biris, A. S., Dervishi, E. and Villagarcia, H. (2012) Carbon nanotubes induce
growth enhancement of tobacco cells. ACS Nano 6: 2128-2135.

Khodakovskaya, M. V., Kim, B. S., Kim, J. N., Alimohammadi, M., Dervishi, E., Mustafa, T. and Cernigla, C. E.
(2013) Carbon nanotubes as plant growth regulators: Effects on tomato growth, reproductive system, and soil
microbial community. Small 9: 115-123.

Khodakovskaya, M., Dervishi, E., Mahmood, M., Xu, Y., Li, Z., Watanabe, F. and Biris, A. S. (2009) Carbon
nanotubes are able to penetrate plant seed coat and dramatically affect seed germination and plant growth. ACS
Nano 3: 3221-3227

Lin, C., Fugetsu, B., Su, Y. and Watari, F. (2009) Studies on toxicity of multi-walled carbon nanotubes on Arabidopsis
T87 suspension cells. Journal of Hazardous Materials 170: 578-583.

Loreto, F. and Velikova, V. (2001) Isoprene produced by leaves protects the photosynthetic apparatus against ozone
damage, quenches ozone products, and reduces lipid peroxidation of cellular membranes. Plant Physiology
127:1781-1787.

McDonald, S., Prenzler, P. D., Antolovich, M. and Robards, K. (2001) Phenolic content and antioxidant activity of
olive extracts. Food Chemistry 73: 73-84.

Mondal, A., Basu, R., Das, S. and Nandy, P. (2011) Beneficial role of carbon nanotubes on mustard plant growth: An
agricultural prospect. Journal of Nanoparticle Research 13: 4519.

Oloumi, H., Soltaninejad, R. and Baghizadeh, A. (2015) The comparative effects of nano and bulk size particles of CuO
and ZnO on glycyrrhizin and phenolic compounds contents in Glycyrrhiza glabra L. seedlings. Indian Journal of
Plant Physiology 20: 157-61.

Nel, A., Xia, T., Madler, L. and Li, N. (2006) Toxic potential of materials at the nanolevel. Science 311: 622-627.

Osawa, T. O. S. H. I. H. I. K. O. (1994) Novel natural antioxidants for utilization in food and biological systems.
Postharvest Biochemistry of Plant Food-Materials in the Tropics 1: 241-251.

Roginsky, V. and Lissi, E. A. (2005) Review of methods to determine chain-breaking antioxidant activity in food. Food
Chemistry 92: 235-254.

Salata, O. V. (2004) Applications of nanoparticles in biology and medicine. Journal of Nanobiotechnology 2: 3.


https://dorl.net/dor/20.1001.1.23222727.1400.10.42.16.8
https://jispp.iut.ac.ir/article-1-1463-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.23222727.1400.10.42.16.8 ]

YAV a8l s ) sl Ol g ¥R S A Jeb L sl S

Saha, K., Lajis, N. H., Israf, D. A., Hamzah, A. S., Khozirah, S., Khamis, S. and Syahida, A. (2004) Evaluation of
antioxidant and nitric oxide inhibitory activities of selected Malaysian medicinal plants. Journal of
Ethnopharmacology 92: 263-267.

Tan, X. M., Lin, C. and Fugetsu, B. (2009) Studies on toxicity of multi-walled carbon nanotubes on suspension rice
cells. Carbon 47: 3479-3487.

Tiwari, D. K., Dasgupta-Schubert, N., Cendejas, L. V., Villegas, J., Montoya, L. C. and Garcia, S. B. (2014) Interfacing
carbon nanotubes (CNT) with plants: Enhancement of growth, water and ionic nutrient uptake in maize (Zea mays)
and implications for nanoagriculture. Applied Nanoscience 4: 577-591.

Tripathy, B. C. and Oelmuller, R. (2012) Reactive oxygen species generation and signaling in plants. Plant Signaling
and Behavior 7: 1621-1633.

Upadhyaya, A., Sankhla, D., Davis, T. D., Sankhla, N. and Smith, B. N. (1985) Effect of paclobutrazol on the activities
of some enzymes of activated oxygen metabolism and lipid peroxidation in senescing soybean leaves. Journal of
Plant Physiology 121: 453-461.

Villagarcia, H., Dervishi, E., de Silva, K., Biris, A. S. and Khodakovskaya, M. V. (2012) Surface chemistry of carbon
nanotubes impacts the growth and expression of water channel protein in tomato plants. Small 8: 2328-2334.

Wagner, G. J. (1979) Content and vacuole/extravacuole distribution of neutral sugars, free amino acids, and
anthocyanin in protoplasts. Plant Physiology 64: 88-93.

Zhang, R., Zhang, Y., Zhang, Q., Xie, H., Qian, W. and Wei, F. (2013) Growth of half-meter long carbon nanotubes
based on Schulz—Flory distribution. Acs Nano 7: 6156-6161.

Zhao, J., Davis, L. C. and Verpoorte, R. (2005) Elicitor signal transduction leading to production of plant secondary
metabolites. Biotechnology Advances 23: 283-333.

Zucker, M. (1965) Induction of phenylalanine deaminase by light and its relation to chlorogenic acid synthesis in potato
tuber tissue. Plant Physiology 40: 779.


https://dorl.net/dor/20.1001.1.23222727.1400.10.42.16.8
https://jispp.iut.ac.ir/article-1-1463-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.23222727.1400.10.42.16.8 ]

Verr Jlu &Y oylad A A alE 5 S8 5 al YAY

The effect of treatment with Multi-walled Carbon Nanotube as an elicitor in
increasing the activity of antioxidant system and phenolic content of basil
(Ocimum basilicum L.)

Roghaieh Holghoomi', Siavash Hosseini Sarghein**, Jalil Khara®, Bahman Hosseini®

'Biology Department, Faculty of science, Urmia University, Urmia
2 Department of Horticulture, Faculty of Agriculture, Urmia University, Urmia, Iran
(Received: 18/10/2020, Accepted: 26/01/2021)

Abstract

The present study was conducted to investigate the effects of different concentrations of multi-walled carbon nanotubes
(0, 50, 100, 150 and 200 mg / | in distilled water) and activated carbon on total phenolics and flavonoid content,
antioxidant activity, hydrogen peroxide content, anthocyanin, as well as activity of catalase, peroxidase, polyphenol-
oxidase, L-phenylalanine ammonia-lyase, and tyrosine ammonia-lyase in a factorial completely randomized design with
three replications. In this study, activated carbon treatment was used to investigate the effects of carbon nanotubes and
compare them with the usual form of carbon. The results of data analysis showed that by increasing the concentration of
carbon nanotubes, the content of hydrogen peroxide, phenolics, anthocyanin and antioxidant capacity increased
compared to the control and activated carbon treatments. The highest flavonoid content was observed at concentrations
of 50 and 150 mg / | carbon nanotubes (0.001088 and 0.001045 ug / g fresh weight, respectively). Also, the activity of
the L-Phenylalanine ammonia-lyase enzyme showed a slight increase with the increasing concentration of carbon
nanotubes. Among the antioxidant enzymes, catalase and peroxidase increased their activity by increasing the
concentration of carbon nanotubes. In this study, the activated carbon treatment showed the same behavior as the
control. In general, the results of this study indicated that the use of carbon nanotubes as an elicitor has increased the
antioxidant capacity of basil and, on the other hand, increased the content of phenolic compounds.
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