[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1398.8.30.12.6 ]

WAV Jl YV oyled V o ( alS 5 SIS 5 i B

O\ejjlsjbuo}ﬁj‘gujﬁbﬁjgw‘kwj o..u&}'&w‘_gjj .\.:..S‘ C)b'by'uww)ﬁ

el 125 5 s pl s K150 650 T esla gt
Aty 15T oKl DS 5 Ol O Rita g o5l Ol pl Ol S Ole S il dged ol&Lils cp e 0aKLils ( alid T 05 5
O kol S il dgd o5 (55,5l S5 (558 5 gm0 5 T (Ol p 035 45
OFQVN AN plg Bpdy Guol MYV 0¥ 1ol s o ,0)

oS>

O30 Rl 035 A 53 4 (S5 9 (SO pake (aleed (Sigd sl 53 1) Dl 4 g (O3 G
ol 53 Nl g o s i 5 3505 Cyge gk S T B Bl s (K5 sleu] B ple p OLLS ojlas bu g
S eslial b s B plowil 055 05l 3l ealiinl b e S gy 5l Ga) eS| S350 i (Gald cnl 53 8 plaxil S5
695 A1 D356 3T Cpiomen A5 8 mad D556 5l S5 5 UV-Visibe g 8K s il Clim 5 5598 (55, S s Ko
ol 5 ol 55T SS9 AS B3 kp eS|y S SN S S5 MDA 5 s ks 2 (ol g B0t 5 Tt e ) e
T dsb 53 Sl ey S b5 (g5 AemST D30 e b plnl 1YAE Tl s Ol S fal gl oKD 3 03,8 gs‘-“f.}']
L1 L 5 53,8 DBt S 3ls DL 5y S5 Ky Son by 55 AmS| SI3E gl s £ dl el YV
o (595 ST D50 b a5 SIS 53 bl sy Ib a8 sl 0L 0358 olS 5 S350 Sl dimes e £) 0L
AeS) O3 80 e copl p ogdhe L SIS (55 ime i SYBLS Cdled 5 il g1 S ploesdiS (gl gies Ll (S I3l (A
5 3MemS1 5 JSUE Gl 1y Sl Sl g e O gl |y D555 0m STy (S B SIs plg g £00 cBE 55 (s,
By JEalS gyls me sbas 1y Jebs AS 5 s p (slgee () demST D550 e B g Sl als LEal Bl 1) SIS gel oV fd

A 0L5sE 5o s AS 5 s slsoee S 5 05mST Jlad ki 8 A5 Al 4 e (595 ST 3 5L

QI,S_,J\S A(JL:)'}@ Lbﬁj ue}’S/JJ e ((S9) ..\._..\Si 6»\-:15 oS

oS 5l 36t e P Ry 3 .;:;L;a}:;m...) 4o dle
Sl Ol 530335 go oalizad ol slaplhil ojlas L o Voo Y el s A S Bl Lol o350
IS ol elas by ma (Oldgl aens d> 55 &lyb oslul (Ostiguy et al., 2010) il o e 56
035 ol 4 Sl pde pmes 5 SL3HE A, ol Lpd o phond 5 (S (ol 50 Gl e el
s S e oAd F e S Sl e Bladl il e 4 e Cd A DT g S
LeeST D3 SU () e 313 (S e S, ok S 5 S o elend il gla By b g Sl 0

nnnadernejad@yah00.com : S5 xS Gy S5 ¢ s ook 557


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.30.12.6
https://jispp.iut.ac.ir/article-1-896-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1398.8.30.12.6 ]

WAV Jl YV oyled VM aLE 5 S, 5 i A}

)L (Shafaghi et al., 2002) 5,8 . |3 eslizuls g
Q‘J’}’L’ ‘-")‘)3 oslaa! E) QL:))K Lfmﬁ)b CA:AA\ “ 4;-}}' L;
c‘-;ia;'ﬂ Lo DL aS &L’W LQLAJJJ)\S Q}:JJU S
QLJ}K ol:f » XD &:)‘)bfl.’ JJ‘ 4))\.) aJ:.é« 9 6)'[#:_5)‘3

L sy 9ol
das by O SS 5 5l e SV g AT O340 4
sesls o3 2d e Yor ol s aie ST L OS azed
Gso 2 I s ad bl opips T 2 Joe You il e
OB aids Y Sdeas s Av gles bl gz o&as
Ol e 9 0dd 5 o1 Ol gioee ad35 Y0 5y S esls
J=1s sl ks o)l LA edls [ se sl L8
A S 5 el bl gl Jbwn s o0 gleaind
Sles 53 a6y oo 1 s oslas 1 ) e A sl
Sl Sl 05 0 e A e3ls 13515 Sl 4 s W
b e 3 &S g gy 5 A Ll e las 4 )
fororpm s yu) oIS ol am s A gles sl
L els 3 g edss S ks el o Doy (il
My e Sl STy bgse (Ol el 51 ds
P P B N IV
Cowds 535 S o3l HI3 adds VO e (gl ;lJfL;:jLw
oA Gl ol 3 s S g e Osbs daw g ollal
58 (4l 0 Sews 555 Yoow) Sa Sl SL Y (g5le
UV- 5JUT gl Slasin s ¢l ol 2l 51 am
A3 5 o3l (TEM) (g5 5 5801 S5 See s Visible
&l UV-visible dew g 56T (gl 503 55l o3bel
b odd g $55 LS| S350 sog 0 8 0/ U
s 2l &) e YL GBI b o4y 05 el
Sl oy Sl Sl Sl @ a5 L s e S bl
OF Clr (b o e 5 00 =Tt o3 5ume 4 ST S
A3 S 6, Seslul el 00T Sz Jsb s
SIS @Sy S by SN2 EL p S o

5 okals ol G Olgeas 35500 olS ojlas by gy,
<3 5L .(Sangeetha et al., 2011) .Ls S plil oS ll
)40 Lfiaiﬂ <&j)}l.ﬁ5 (Cxwr Lile L;d.’bu LSLQW) BE
C)Y}«MA BEENEED) .J..:...\Sl CJ‘)J}JL: Jﬂs/dﬂ )‘J’E oalail
o 5 &, (Nohynek et al., 2007) ¢y 3l clbli-
s 5 Cmo Ly 3l ol 2l s syl 58
S)90 2 gf"}i” .b}&@ JbT .]a.;;u LY J‘}A U'i‘ 4&&.:&)
ol Cbu‘ 6“&‘};’ )\ L_g)\.,l.x; ol 0 Q‘JJ}’L‘ O
J:\ J‘)jﬁ DL g;.w\ aéﬁ QLAL; J.\:) » C)b)})b j;‘ J))A DL
2 s pad 5 LS s OIS L) ShisU ks
s_)\)J)JlJ)LQ.;M’M)dsklo);&)‘;dubwff
S Gl p Jle psba Al s B gh) A
Ad asele (Asls alil Yo Jle 43 0K 5 Vinash
BE uijdj\ﬁ} AL Ji_l\j,é\é.:ﬁdﬁ (S *eST O3 4l oS
s Lin «J- s (Vinash et al., 2010) ol ol 3 50 olS
2 G Sl 5 as el p T oyl dir S
S5 palSe el a5 OLLS Wi Ak 5 oA Sl
g_)b.}l.@.\:ASJJ)JSJTJ)l;}.\JJ\))\}&)JJJJ}A)L\“}}
5 ool Sl s BB Slee Sl gy AST 5
s Lee eees (Lin and Xing, 2007) A aiy, A,
./\MMS\ cj.lﬁ .f\:.ws‘ C)bb};b )L€_>- j'?‘ \EAK JLN B Q\)K&A
oS 1y a5 ST 5 LS (0 5Schns AnSIi53 cp g
Sl &8 dalys Oliiss L3S 1S e s ol
QLJ'...: \) GOV u'ij:"':""‘ ‘)'<'.’.> CJ\)J}JL’ dL:ﬂ BLEEES) J\M..S‘
Sl ol 5l S s s Sl s sl
s Yuhuiss Slad=s 5 Jle sl .ol olS Wiy 5 (s,
O3 6l a5 AL jesile (Lisls rl?r_.r‘ Yore Jlo s 0l)Kea
xS 5 p kS elS > Sialer s LS S b (s A4S
ol oS Ulgsa 0L LS Ui.:: S S ol SIS
slesl a.\.;.;S(:JJ D33 s ( Shas W Sus ol AT

SLes 5l QB i sdias halS ¢ O3g sldals (bl


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.30.12.6
https://jispp.iut.ac.ir/article-1-896-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1398.8.30.12.6 ]

Yoo Ad, 2O elas bu g edd e 69, 4ST O3 S S o)

52 elS ales el 5l Sy 23 8 el 144A Jlu s
Al 5 Sl IS (el J 561 ) e Ve L e Osls
S e 5 e ool (088 e Cd @ JLdS Sz
slos Lo S Ol plam s adds o5 oy o jlas 55 5l
Job 3 lor et o8 S 1,5 51,5 Sl s A
o gl S el e LYY S Y Ve lag s
3 S IS e Ao

b Jsbos (slaid 5 IS 5 il ST sl siome o
3 ol 5T Sl o (sl 105 BT jne 5 eslinal
seees (Sl A eslaad AYVA L s Wagner i,
ke VoL elS sl Il e S e coploms 55T (gl gt
ol SIS deul 5 Rl J k) el sl 2
53 ceble Y8 St w5 edgle SIS (V84 e
Vo e 288 13 oS Sl s YO gles 5 SOLL
dsb o3 VU Jgle Ol 5 S5m0 mle £rveg o aids
e S el boad g Seslul gl 00 s
2B 5 Al b sl chle YreeMTem? sl
S5 Glsme A S Ll 5055 05 055,50 o
Slyes 5 Yoot Jl 55 OLKaa 5 GUO 3, 3l eslanad b
bl 5 05T G me 5l eslinad b e gas J ks glais
o5 S eas V400 Jl 3 Roe iy,

BUNSSSEVARERVF- TP PR % PR CRP KV ARPPX QPSR
sdile Aoy Ar el 1 L V0 LelS el 5 3 sbbS
Jsb 53 585 5SSl L gl Ol 038 Gl Sl g 5 0k
Chle A ekl el AV 5 T VA glaz e
W3S abe S055 05 2 SN e eiS)
.(Lichtenthaler, 1987)

el i (CAT) YLK ‘.J_;T FCIN|PE K PR
Yoo zye dsb 53 8581 T G ials bl 5YBS
ey L Jold (G (La¥) STy b glos i plonil 20 5L
Ver s Ve Je V0 £5SIOl Ve e 00 Slius
boses 4 w581 T 033380 U 50 e 5 oslias 25 S
Do 53 6581 T 53 Rl 5 g8 STy (RS

DR eSS S oy bases (TEM) (5,08
b S Soglie wlde 53 s slS 50 b pslas 5 an S
Philips iy ol 55 el eslin] glac Koy Koo A2
3y 0l oS 8 2L LE0912-AB Juu ; Carl zeiss

ssben 10L558 oS 55, deS| S50 e
53 a3l 0L ol 1y sy AeeST 350 3 ol
Al g oKl 53 ST b ol S 2 b I
Sk ¢ SR g Gl el WAL L s Ol S
SIS i3\ gl A5 0 i o IS s L 0L 5SS
L il s aed b 5o bk OT L ogse e 5 ol
e Jals ool ST ciS s 3 csle VE S
Sl el g brr 5V Gio glachle sl LS 5a
S gl &S cl S5 LB AL el CiS (g, LS
Sogml Al WS Wl sn e Jghoee L3 edd eslinud
5l ol slaazalS 55,0 3l e sy o1 (Ultrasonic)
Al esls Jlasl SIS 5 ad sl OIS 4 s Ll
$lp ol S sl Jsle L Sobol aia ¥ o5l s
J s b gl (8IS e A3y sl el St
Lds sl S

aiyy 5 le Jsb ity 5 alsn oIkl Jsb (5 28 o5l
G oy 5l @l Job ot (6,8 o3l L3S e Sl esliad
Ay, LBl B el Sl ady dsb s dle glenl cad
ol 2 olas 5 LSS Y (les 058 8 gl Ad 4B S
A S el

STy e 05,0 dS ]y Sl (5 S5l
Fao b (KD el LHO, Sy olal s 05540
S8 00 sy crl ss Al plasil Yeod JLe s Alexieva
Loy /) (TCA) Al Sl 3 JS (65,53 oS o536 il
Weer x g s aids 10 Sl 4 ool oslas il sl
S OSssdeadenS]y ChlE ails gl S 5 Sl
(Alexieva et al., 2001) L5 S eslizal 5 bkl o

Lot 55008 (5 xSe sl tlade g g2 e (g 805100

Qb&.a.b}Krizekuij)j\oJLilw\l{&ﬂﬂjj&.;w‘ u::))c\;.


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.30.12.6
https://jispp.iut.ac.ir/article-1-896-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1398.8.30.12.6 ]

WAV Jl YV oyled VM aLE 5 S, 5 i At

)‘jﬁ\ ffj\ aJLaZ.A\L:LA)‘JjM ('.AAJ‘}MJAO JLAI'Q-‘CJG..A

A rb,al Excel

s UVwvisible g pesy il ol LT ml
P ($95 HeS) S350 gy (S9N gy Ko
Fow 55 AeeST S350 U] S 0 g5 olS Jaw g o
Srags Sl oBaws L0 oS beg el
DLE ) S s wbas 1) be Av clile s UV-visible
o Sle oS 550 0 edalie Cib w4z g Lol sl ool
g dob o3 s ebas a) e A CBlE s Lo
A oSl (KA s e A3l e el YV
A elil s Sl G S Sl l3 st
et el Sy 2o 5l ) O 3l o3Il ke
SoS 3l S o S CSes S ban s
A esls jasis

Gile bl 5 aty; gk 5, ST O350 S
Aloes dle s aly,y dsb (0dsd) Gubols 4 b
Lol og Hls pme Aoy ) C]aM oo el s
S Bl 5 2l Isb g5y ST D3 50 clale 5l
tlors £ sl b Ol (ol e Ll dals o
Dls pme Pulshl 4 o ("J’u" Yoo Sled 4 G O3 50
(¥ ) ol o 3l b

3 SN s oy ST SNBSS
Loogdpe sdalin ¥ dsdr 5o &8 hilen 1dgdy,lS
5 i lS Slsme sy demST L3l chle
Chle s el lS slyms 5 b o Jals JS Loy S
Sl (ol e S ("u‘iu‘% Yoo & Cod (“u"u" Lo
Sl 5 S 2eST O3S0 M s ¥ gl 5s ol
oSl mglin 4 a5 b ool o o3l 0L A3 5558
S el e B Y G ST O sU Sl
Gl 858 (Gl VT 5 VL Ll 4 e
ol s £r 5 Yo 3 lasles Ll sdd sl

S 583 Sl olSas sl Y60 g obss gl T
.(Dhindsa et al., 1981) . (5 .S oL

gl 3 HAPX) SlamSTy b Sl el iov
Ve s 00 Dland nlyy 3L g5l ATy bl s
Vor 5 Nae /) w3St OF Vg s /00 Sl Sl
bl Sl Sl Sl sy e Bl sslae 1)y S
T Jsb o3 (o 55 ralS 5 sl S Sl O ol
Nakano and ) s (5, o3Il aids ¥ e 40 20 5L YA
.(Asada, 1981

5 PAL) 5UL sl VT Jub 5l b tovis
5T s oS o3l (sl (GPX) 3laST JSLE
e /0 Ve s 0r Dbl ol 3L 2 e ) PAL
PR PR R WY NP PR PR R R
Cole V Sdes 5 L bses el ojlas 2) e o/
L Sty s 8 (Ol ol S ol s YV gles s
L gre Y ge el S S I e 070 05 S LS
135 Sl gl Y e J s ek gl Sl
L slast, JSLE el i (Deunha et al., 1996)
A 6 ,S eIl (Yeeo) 0l,a 5 Zhang i s, 5l esleca

el e s a4 S 03 69y O Ol e
Lozak et ) o3l Cdem Sy 5l us O s Seslul sk
S 5 Sl s a0 S eIl L eslazad (al, 2002
L Sost alS il 5l a8 /0 kel (sl A el
o3ls 15 el YE Soteay Lae K a5 Al 1) e Ve o
L L g T T ALS Dl b
T Jsbe 51 st c)\)ugl:u;p? L Jols J g
Ak 00w ke ST L sl e e 52
ool oo Jgles 5l 0303 g Bl IS Sl 5 el
A eslial sy ge e (5 pSesll )

St o o G (@bl Jdos 5 4y
ST s plomil ST Sl a5 sl Yol b sl
ANOVA (051 5 SPSS (g bl 155l o 3 eslizal L Laesls

55 5SSls dpasl sl eslizad b e Sl anslin .2 S &) po


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.30.12.6
https://jispp.iut.ac.ir/article-1-896-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1398.8.30.12.6 ]

Yev ...M)ﬁbﬂjon.‘aﬂje.\.ﬁv}&»63)A?.S|O|)Sjuwwjﬁ

0.8
—— (ml —— 80ml
0.6
2
= 0.4
0.2
0
300 350 400 450 300 550 600

Wavelength (nm)
) eslas 53 edd T 59, AeS| Ol 3 66 UV-visible gl b - IS

b)

200nm

OO Ty

D) osbas bw g odd i (555 ST O3 6L 51 (6588 S5 AR O Sy S pgeai —Y S



https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.30.12.6
https://jispp.iut.ac.ir/article-1-896-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1398.8.30.12.6 ]

WAV Jl YV oyled VM aLE 5 S, 5 i YA

Ql.:}‘glg): u“}ﬁ‘)ﬁd.ﬁ) J.:....S‘ Q‘):yb Q‘;‘ (CJL’-:}A &K’t’_ﬂﬁbuﬁ) u‘“‘;L.’.JL’ 4._1}?.6—\ J}-l’

s Sy Gl Sy Gl S siome o b e gl
LT
F el W8 S dess a ddsls b Jis s iy bl S
(hg/gFW) (Mg/gFW) (cm)
AN /g AT \ZALR N \es™ f/aya e LA EYA s S SRR P S
Y XY VA YAY V¥ YA ) VIV st
)\J‘;.\xﬁ \_éw\ r.,\.ff :ns 9 v\«ﬁ)} \ 9 0 Ch.ﬂ BL) ‘)‘)L;'\x.ﬂ v::).zdu :'355"355"'355‘
\ Jj.b.- 4als|
ASed Trr WS o YT WD A8 gl g Slyms  (Glyima & gin e le
\AS J sk sy MDA O3 odea eS| 5 s\l
(%) (mg/gFW) (LM/gFW)
TUNEor/aee™T VY AWTT Y™ RARYTT VYANVVA® Yo ol
VY/6¥A
NAE YVits YOMVA 0/E) VY)Y e Wittt 1 ot

)\kai.«u e f'LG :ns 9 oy \ 30 CE.A BE )‘bk;'\su s A Iem:sce:E

VJgd aalal
SERUTPRGNCITS R RUN(E NS RCAIFE B wpleds opledls o e b
S, SWL el VT SISt ol Sl Slast, SYels el
(ng/mg DW) (U/mg protein)
Yy R TAnu s ATann i g8 /vvy VVVA ™S Y K PYPuF
£9/YYY \/007 V/YYY V/AAQ /007 ht Lo

(Y ) Sl g)ls sma oS pl g Vo 4
ol pdan slaee 2 ooy S O3gL
Glsme &S 3l oL Waesls SuSbols JUT S siel s
Oy pae Ao s ) Cho.ﬂ 5 ol Sl v Gl
Sgd poedalin ¥ Jods 55 &S jshiles ((VJsd) AL o
A s Gl (s ST D3 S0 el Ll
S 0350 plg g 0 chle js s, gl Ll

V) Sl gols s e el T &
5 M0l Gl 5 (55, demS| I3 50 I
(S0 St L3S0 BlE Gl L 05, AeST

sl s

j:&ud)&:&lf.&:nsjw):\jOch.nJAJM@.M%J“.J: ¢

3 OLES (g yls gre OV US4
ol BT (S 3 sl (55 deST 350 31
03 JS U8 Glgme F Jsdr 4 oax g L oAS SN
Lald 4 o sy AST D3 EL pl g bl
S 053580 ol g Yoo Chle 55 g Ll L 5158
L w.ql,:.wj..ﬂ Slgoe Il (ol pme s dall @
OLL (ola e O (55, AenST 3 S0 kel
Glss (G ST D3l clle alpl Lol
Wl Al dald 4 Cand YT 5 Y TV WS g

k:»..ww..! 5)5)..:\.; (ll‘-;i& Lon C».E.L.O)J YV« J.tjj-’jm 6‘)}'}:&


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.30.12.6
https://jispp.iut.ac.ir/article-1-896-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1398.8.30.12.6 ]

Yeq wddy g Og) e, las law g odd e (59 ST O3 60 Coew )
OL358 53 o3, 5 g5y AemST D3 E0E Sl ST 6o o Kile dmglie =Y J gk
J sl g Sl sen Sl sen s s lyms Bldb Gy dsb Ll
5 bl RS Y ) VU CORE- W WP U B PR

(Hg/gFW) (LM/gFW) (Hg/gFW) (cm)
VARV OAY AT VR VYN0 YEAE R Y/00E/YAR /A /e\YR p/ode/oVS Y/ /8P Jals
VAVES YR AE AR R YE R Y AT VTRV oVEE YA VoA Ve Ty,
VA0 8N VPRGN YIOAR AV A VA0 N\D \Teke N8R oV R0V Qo v® vAEe0qt g

¥ oKihe baesals LASL o dap y3 0 oz mhans 3 S5l D051 el Wajlasd Sls sme b M| Kby Ot 2 53 S e g

BL538 55 Loy, 2 sy 4eST O350 Sl 1 (6ba e Kils o ¥ J ot

P U P N e PR K P ERC. P e &l g &l e Sy o
SYLls YV Yo Y Jslows PR MDA 055 08081
GG
WATEY/80% AR /oVP gvaEYe® AVEY/0 S Ve AVEGETR Vejodke VR v/ YY1/ 0° Jals
IEES LS J7 e VS VAR =S V- R SVAF =SV A Y AC =Y\ VAR E VIR Y0/ \EY/A \
ARTARE = VZY SRR £ 70V SR PE = VLR = /T VSR RYL a E2VI% G VA2V LA = VP FESVAE Eoo

¥ oSle baesls Sl s e y3 0 et e s o Sls 05851 el L jlass jls fme b M| Kl Dt 2 3 S ke Sy >

35 AmST U35 a1 g 800 s ST D30 el g Yo Tl SEE LIS

BL558 55 eSS, (55 ST 153 56 D31 (5l eSSl dnmlis — J g

Srprpenchl s eplodes ol Sl sl cdls JSLE sl ol slesd
(/Mg DW) 5t ol VT S eS|y
(U/mg protein)
AQ/YYEY/EAC (REVAS YV /8 0° ¥/AEY /Y0 dals
\Yo/rYEY/4 0P VoA AP EAEY/ AP YPFE YD G5y denST D356 ol g Yo
Y00/¥YHo// 42 YY/YYE s AN OANYE/AA® NE/OVE () ST S350 ol o g E0

¥ oKbe (baesls il o dazy3 0 oz o 3 S5l 09051 bl p bajless Sl ime b DMl Kl Ot j2 53 S e g

(8 Jgd) AaL o Aoy

Jakoms S glgow 5 55y S| OlH3 60 S

S 5l Ol laesls bty BIUT 1 el e s

el SEE LIS

clale s gl Ll e S5l Wl Jle (gl gims

M))/\-\}VT Mubw;)_}fl_, C\&& S )Y..

LoeST 3 60 e ol 050 L (8 Jsis) AL

Igee ol 31l oo a3l 055 dadnST o (gl gies (855

OV}Y/f, MLZMWo)JyLr\&&i" jY" C».EU‘/)J


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.30.12.6
https://jispp.iut.ac.ir/article-1-896-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1398.8.30.12.6 ]

WAV Jl YV oyled VM aLE 5 S, 5 i Ty

e 4 Ghse YOVT JLe s OLs 5 Rajiv L o
hysterophorus LS o )las law s (g5, LSl 1340
YOA zs0 Jsb 5o cder Slis as Lus Parthenium
.(Rajivetal, 2013) s 5 4l

ol e Gy ST O3 gL o3l (B cul s
UL 5 RAJiV 55 205l 8) TEM O Sy Ko v 5
Loy e sU AL o3I gy denST D3 5L YOO Lo s
5 s S e Parthenium hysterophorus olS o las
S e B
3 SslES lis 4l 02,28 agns Slisp 4 s
G 3 e 3 lises JCG1 g Ol y3 ol lails (65 6) 5
5ok Slbgrs Lol et ol gt ead sl
7 OLlS ol o Gl 3 gla 1SS Sl pe it 5S]
bl G 5 a3l e bt ST olS (555,55 ol
cder Bk Sl e 53 sl gl o w5 Sl s
Coas 3538 53 (5345 [ Sl p 4 SIS o
w S e L SL 5 sl sl S s, 2l sl
S e OblS (gas g sla s p Iy o
AeeS1 350 Slad e Giass el L3 el by el sl
L3S e 0L oS 5 s

s Vinash Slidss s ol i) mli L b dd,y =
FtEs) LS O3 gl gl 53 Yo Jl s UL
s Yuhui &8 Slidss &S 5 s calhs s 50 LS
S35t A AE Lasiia WBals plil YV Jle s OiSes
@A ax S 5 pdS WS > ud, A6 (3 LS
53 1 Aadlls Ol Hlde gy AeST D3 HL Sl o
olz e cpl 5 ol enls a5l b3l s, OWLS
o ol 4 e (G ST D50 led oS A s
el 03508 555 L bk OsemldenST 5 0kin S Ll
A same S S e O greldnSTy SN s (5,5 o510
L olinSt Slas S ol gleds, pAds3 B s
Sad e oslial QLS js aews Ol 5 ol clis

2 Sl O rnlienS1 1 L 0581 ST sladISa),

g bl sl onls OLAS J e SladS (gl g 0 (59
(S50 St D350l L e ke wglie 4
OLLS (ol (oo 5ot dald @y Ced Jslms (Sladi (gl g
(E Jpde) Sl o3l

B sl e gsy AT D136
e VB 5l ey sy ST 350l
5 3leaST el Sl ﬁ;j e &S s el gl
comimman L Rl gyls sme jsbar SISt oY L
el Err chle s Slesl, LS pl ol
BRI RN CON [P S (P H J RNV VG CH P
RORRUNPS FESPRWeEL IS S TR IR PRGNS DN

1S5 00 oo O B 5 gy ST S0
S Sy O ke (Vdsdr) Guilsls 4 b Gl
L I P N e SIS LWCH B PE g P
Sa O ShlE b e Sl sy ST D3 SL ke
cbhle Julpl LS o gy 0p chle cils S s
3l il gy denST 3
el Ve B goslll b JoSle b sl laes 5 el pa 5l
L oltedils ax g O3 60 s Gl gbadle s daea
S el (S bt mlo Ll plaaias
03,8 st 4 SSG sl 5 edigr (605 (S
Loy e (O3sl e e la g, Ole s ol
3B pde ppomen 5 D30 A, Sl J S I e las
Cod oo o 3o sl ge 1Ol g ge 0 liladly 058 7oL 4
bl e e e Bs) Ak 4 s SR
Ao e O ojlas g (6o, LnST S50 e
UV-visible gla 3 JUT v 5 (g5, deeST 3 50 s Al
Slp oS bl ool (235 e TEM O sSns Sans
UV-visible  slasdUl 3,8 o s b3l Aol
Ot oslas il do Av Law g i s O350 AL e

boalin gl YV 250 dsb oo Sl Sl 6l


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.30.12.6
https://jispp.iut.ac.ir/article-1-896-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1398.8.30.12.6 ]

TN A, 2 0 elas bu g edd e 69, 4ST O3 S Coam o)

Sd SN Sl o5 s 5 &S Gl |y JeeS s
Sl 51, DNA 5 bt dacSs e dobe il
S Olye 4 g pemes S B ST SIS,
Matysik. and Alia, ) col odss 5158 50 56 saesads
2ol ials U g, St Sl sl las (2002
e s Al ol S s S s A s lS ld
53 8 AenSh D3 ALl Cod gyt slae S,
S s 6 bee oS el o 318 Slalas >
OselhenS 153 (S5t g olSams 5 My IS Olazsl
3> Rao 5 Shekhawat slaasl L L Eb ol b fs S
S50 AemSt o380 ajls Cillas s olS s YVE Jle
Sy e ol sy Om 0385 ST s 4 WS e
Al Az 53 5 AT slad s Lals s Cldl ls
.(Moore, 2006) a2l ol b5 JS
5SS 05 03,5 by Il (Sl D350 Coan
Ol ot sk il 5o il sl GdIsl, A5 L
e 3 S il 5 05T ST GadIsl, A5
53 Ll syl sem Jsl ST ST ISl ok
e 5 5 oh Dl aleli g e gla
Loablie gl LS 5o S e OLLS 5o piles]
o B S dls eS| ST gt Jae gla i
L il e 05t b bt S 008 Sl 5 ola s
Sl el w36 ollS olas] st Sl gt oS
51 .(Abdul Jaleel et al., 2009) kil o y5lhS i
s g Bl b s el s 53 4 OLLS laole.S]
S a3 STy g 315 S5k a1 At g e
U S P P JA A PR OV PP it
S 055 b pdSse e ild aes Ll L0556,IS
bt Sloo gt 5 kb glls SO a8 LSl e ol
o) Al e Ssline 5 LOT (6,8 JI3 e 5 03 ot
03,5 ol 5o bl 28 05 1 Ools dbanlyy LS 5
51 (Abdul Jaleel et al., 2009) X,ls si3l gladiCsl,

S b e 035 53 & Bl Gl

ol 48 S e W daddls Ol e Llaan] gl
eS| 25 Gastls Olge 4 Ygame hoadll Y yams
Cens (Shulaev and Oliver, 2006) W5 o (S o310
L s oo O 03,5 5T I Wl e 6a) AemST 350
oS Sl ezl Cow sl ST gl
OH U3, 4 pmlsmpla 2815 3 b 51 O; 5HL0,
OprblnSl Lol &8 50 hdd ke STy Dl
ol o0 58 s (Apel and Hirt, 2004) 555 o (ghed
odny [l djsﬁip@r\ s o cble s MDA rexs
das e 0L Yeed Jle s 0L s Wang slaasl .ol
=l A S0 Il Gl gme il ol (5 e oS
S sl Ol 0L L3 OJsodes denSly e 5l feol>
oIB S AeST o3 5L Slas Lo OLS Sl Ol e
L b 05t Aty Ol el Ll anils ()5 ins
53 Y e JlLe s Rao 5 Shekhawat lidss glaasl
533l il Js 2 olS s gy ST S350 i
5 05l ST SIS, A5 Ol o b Ll
O3S 3T SISty iy o 51 Sl dlad
Jals plediy 5 Jaes sl 25 55 Ll ojls 35 Jolas
33,5 0 OBLS 53 5l 5 L se s 3 e o &
51 Clptomn Jass Gl is L ablis gl OlalS
sba S 035 Ll s Jibjr‘w a3 aS Wyl Slas]
i Glaptoms SGS L Ol il 05S] Jb
Lt glheeS] 25 S Al 4 5ol 01|
Ol 58 s s s (Abdul Jaleel et al., 2009)
oAl s Gl (D13 g0 chle 1l L aS s e
U clle OlalS ccilisie o) o sl i S L e
BB L sy s s e et 3L L3 ST s
s> 55 YVE Jls ;> Rao 5 Shekhawat —olis>s
Sl calas Js 2 oS s gy ST O3l
L olS Caslie s a;,iz.«s@alﬁ P50 Sl
Ll ol ot antlid SLlS y Wil e 25 blis)s

LQLAJ&)() J‘-’\):h;“ L}-’j’u L.f-?}}fé S ol J"’)\;


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.30.12.6
https://jispp.iut.ac.ir/article-1-896-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1398.8.30.12.6 ]

WAV Jl YV oyled VM aLE 5 S, 5 i Ty

Ll 5 PAL ol s ol (Singh et al., 2009)
ol mos 5 Ailsn s e > L lae il
AL WA ey e sl e il e S S 5
53 Gk Ol PAL Ol 5 el ilBl s s
Gl i ads 15 DLl 5 dul o mend 25 o gladl,
S ol asn s Aulel e Clibls Jaes 5 o)
S APX sl cJls il 4 e 5o S| S5 4L
Wl el ok S350 gl g g £o0 5 Yoo lals s GPX
Sols sme 3B CAT sl i 5y 3L las
8 D35 ek bl Sligied e gl b Gl 2l
Sl 3l o Jls 2153 3l Arabidopsis thaliana oLS .
oeeen (Nair and Chung, 2015) ws s 5,158 15 APX
ST 35U aS Ws S 5158 (YY) o, 5 Servin
3,50 oS ;> ASP vijj Sl LIl a4 e e pilis

S 5w
St Sdpde slas g DU SU s e gl )
P gk ) 03 0l e e Gl s ey 4 S
S 3 S el 0515 oslas v s (g5 AenST D350
YVe zsn dsb oo odr e Sbe Lo 5 (655 ST S350
AU ST RO K s SRS RV PR VR St W Lo E
A 635 e el ) o S @S S
Slckle & sl 0l s S SL3HL s @
5 O3St e a8 5 Gl e S350 SV
35 b oLl s ol Slaast g1 glacdls il
Sl Pl 4 e Sl G GlenST ST glac Il

A5 0L53 L3 W0 Pl 5 05,0 ATy ) gma

ST L5508 L s sl olie glaolies]
Hayatetal., ) b ol 5 ol O 53 Jylos gbaolins)
Sie (s AenST o35l RS S e opl L3 (2010
S 3 ol o wl Rl LS g8
LS 5 opl Oljee 4 5ls OLES 0L 5 b 5 e 5D
Ll gols gre Rl s ST 03350 s o
b oS|GS 5 5l S Olpea s olS S
LI s, Swye e (gadaze S L a8 Liles
NS (S D3emS] 038 Eaal O3gsden O3l ]
Gl Olpe @ B85 LE L s b sbog 058
S o Wl 1y s eS| BT S SleS slag 5T
Sadlsly 4 Ooded Mol b romes OLS 5 0l
LS o Cmilen OpeldnSl oyt aelsh 31 ad
03 b bl s s e oS 5 (Sakihama et al., 2002)
L Lol Slaie o3 b Jasws gla 25 Ll 55,8 o s J sk
655 GLOILS| BT 5o Las s s o i Jale 3
WS w1y O5ST LT IS, dl5 e 45 ditas
.(Yamasaki et al., 1997)
Ls S aulS (YoVe) 0L 5 Krishnaraj o yizees
Igma Juldl el o odd w08 Oyl &S
ool 4en &S Ll 51 . Bacopa monnieri s LS 5
Aol Saliws 5 Lo Gl denl Sobws 51 LS 5
VI sy PAL w3l Sleels fee Jpame 352
L5 o PAL b js Ol oid a5ty o a0 4 Sl e
AL ObLS s LSS ) Sk i gl BYs S S
L2l 5y b s ol T UL AT YT s
Lol Sl 3l 5 4y VT JdL s O seliaals L &S
Fa Slp lalpde sl sl Sl s o plnl

Ll S 5 B el 50 (il sl b LS 5

@\.:.a

Abdul Jaleel, C., Riadh, K., Gopi, R., Manivannan, P., Ines, J., Al-Juburi, Z., Chang-Xing, S. and Hong-Bo, R. (2009)
Antioxidant defense responses: Physiological plasticity in higher plants under abiotic constrains. Acta Physiologiae

Plantarum 31: 427-43.


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.30.12.6
https://jispp.iut.ac.ir/article-1-896-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1398.8.30.12.6 ]

YIWdd; 0 esbas bu g edd i (695 ST O3 50 Coa ) 2

Alexieva, V., Sergiev, ., Mapelli, S. and Karanov, E. (2001) The effect of drought and ultraviolet radiation on growth
and stress markers in pea and wheat. Plant, Cell and Environment 24: 1337-1344

Apel, K., and Hirt, H. (2004) Reactive oxygen species: Metabolism oxidative stress, and signaling transduction. Annual
Review of Plant Biology 55: 373-399.

Dcunha, G .B., Satyanarayan, V. and Nair, P. M. (1996) Purification of phenylalanine ammonialyase from Rhodotorula
glutinis. Phytochemistry 42: 17-20.

Dhindsa, R. S., Plumb-Dhindsa, P. and Thrope, T. A. (1981) Leaf senescence: correlated with increased levels of
membrane permeability and lipid per oxidation and decreased levels of superoxide dismutase and catalase. Journal
of Experimental botany 32: 93-101.

Guo, P., Cao, Y., Li, Z. and Zhao, B. (2004) Role of an endogenous nitric oxide burst in the resistance of wheat to stripe
rust. Plant, Cell and Environment 27: 473-477.

Hayat, Q., Hayat, Sh., Irfan. M. and Ahmad, A. (2010) Effect of exogenous salicylic acid under changing environment:
A review. Environmental and Experimental Botany 68: 14-25.

Krishnaraj, C., Jagan, E. G. and Ramachandran, S. M. (2010) Effect of biologically synthesized silver nanoparticles on
Bacopa monnieri (Linn.) Wettst. plant growth metabolism .Process Biochemistry 47: 651-658.

Krizek, D. T., Britz, S. J. and Mirecki, R. M. (1998) Inhibitory effect of ambient levels of solar UV-A and UV-B
radiation on growth. Physiologia Plantarum 103: 1-7.

Lee, C. W., Mahendra, S., Zodrow, K., Tsai, D. and Braam, P. J. J. (2010) Develop-mental phytotoxicity of metal oxide
nanoparticles to Arabidopsis thaliana. Environmental Toxicology Chemistry 29: 669-675.

Lozak, A., Soltyk, K., Ostapczuke, P. and Fijaleka, Z. (2002) Determination of selected trace elements in herbs and
their influence. Science of the Total Environment 289:33-40.

Lichtenthaler, H. K. (1987) Chlorophylls and carotenoids: pigments of photosynthetic biomembranes. Method
Enzymology 148: 350-382.

Lin, D. and Xing, B. (2007) Phytotoxicity of nanoparticles: inhibition of seed germination and root growth.
Environmental Pollution 150: 243-250.

Rao, K. V., and Srestry, T. (2000) Antioxidative parameters in the seedlings of pigeon pea (Cacanus cajan) in response
to Zn and Ni stresses. Plant Science 157:113-128.

Matysik, J., and Alia, D. (2002) Molecular mechanisms of quenching of reactive oxygen species by proline under stress
in plant. Current Science 82: 525-532.

Moore, M. N. (2006) Do nanoparticles present ecotoxicological risks for the health of the aquatic Environ. Environment
International 32: 967-976.

Nair, P. M. G. and Chung, 1. M. (2015) Physiological and molecular level studies on the toxicity of silver nanoparticles
in germinating seedlings of mung bean (Vigna radiata L.). Acta Physiologiae Plantarum 37: 17109.

Nakano, V. and Asada, K. (1981) Hydrogen Peroxide is scavenged by ascorbate-specific Peroxidase in Spinach
chloroplasts. Plant Cell Physiology 22: 867-880.

Nohynek, G. J., Lademann, J., Ribaud, C., and Roberts. M. S. (2007) Grey goo on the skin? Nanotechnology, cosmetic
and sunscreen safety. Critical Reviews in Toxicology 37: 251-277.

Ostiguy, C., Roberge, M. S., Menad, L. and Endo, C. A. (2010) Best practices guide to synthetic nanoparticle
management. Bibliotheque et Archives nationales 334-337.

Rajiv, P., Rajeshwari, S. and Venckatesh, R. (2013) Bio-Fabrication of zinc oxide nanoparticles using leaf extract of
Parthenium hysterophorus L. and its size-dependent antifungal activity against plant fungal pathogens.
spectrochimica acta a mol biomol spectroscopy 112 : 384-387.

Rao, S. and Shekhawat, G. S. (2014) Toxicity of ZnO engineered nanoparticles and evaluation of their effect on growth,
metabolism and tissue specific accumulation in Brassica juncea. Journal of Environmental Chemical Engineering
2:105-114

Roe, J. H. (1955) The determination of sugar in blood and spinal fluid with anthrone reagent. Journal of Biological
Chemistry 212: 335-343.

Sakihama, Y., Cohen, M. F., Grace, S. C. and Yamasaki, H. (2002) Plant phenolics antioxidant and oxidant activity:
Phenolics-induced oxidative damage mediated by metal in plants. Toxicology 177: 67-80.

Sangeetha, G., Rajeshwari, S. and Venckatesh, R. (2011) Green synthesis of zinc oxide nanoparticles by aloe
barbadensis miller leaf extract: Structure and optical properties. Materials Research Bulletin 46, 12:2560-2566.

Shafaghi, B., Naderi, N., Tahmasb, L. and Kamalinejad, M. (2002) Anxiolytic effect of echium amoenum L.in mice.
Iran Journal of Pharmaceutical Research 1:37-41.

Shulaev, V. and Oliver, D. J. (2006) Metabolic and proteomic markers for oxidative stress.new tools for reactive
oxygen species research. Plant Physiology 141: 367-372.


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjXmvyGw6TVAhXKKVAKHcqsBQUQFggoMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F%28ISSN%291365-3040&usg=AFQjCNF_Mgg08fGU_qo06lJAygdPowFtHQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&sqi=2&ved=0ahUKEwi2ha6_w6TVAhUEJ1AKHS8JDbIQFggrMAE&url=http%3A%2F%2Fwww.annualreviews.org%2Floi%2Farplant&usg=AFQjCNED5bOiix4ftB7_YPcSqi4ozYfGpA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&sqi=2&ved=0ahUKEwi2ha6_w6TVAhUEJ1AKHS8JDbIQFggrMAE&url=http%3A%2F%2Fwww.annualreviews.org%2Floi%2Farplant&usg=AFQjCNED5bOiix4ftB7_YPcSqi4ozYfGpA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjXmvyGw6TVAhXKKVAKHcqsBQUQFggoMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F%28ISSN%291365-3040&usg=AFQjCNF_Mgg08fGU_qo06lJAygdPowFtHQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiCm9-DxKTVAhWELVAKHRBkA24QFggoMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F00988472&usg=AFQjCNH4vzyeDDSQHUwVMK1FqUxhPP-Jnw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwishruyxKTVAhUBLVAKHbPADtcQFggjMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F%28ISSN%291399-3054&usg=AFQjCNET1TQ6arUvDFfV9Rnqfn1SqoobLA
https://www.google.com/search?client=firefox-b&q=Environmental+Toxicology+Chemistry&sa=X&ved=0ahUKEwi18ZzqxKTVAhWOblAKHQo0C-cQ7xYIICgA&biw=1366&bih=646
https://www.google.com/search?client=firefox-b&q=Method+Enzymology&sa=X&ved=0ahUKEwjCq7mvxaTVAhWHLVAKHbDHDtsQ7xYIICgA&biw=1366&bih=646
https://www.google.com/search?client=firefox-b&q=Method+Enzymology&sa=X&ved=0ahUKEwjCq7mvxaTVAhWHLVAKHbDHDtsQ7xYIICgA&biw=1366&bih=646
https://www.google.com/search?client=firefox-b&q=Plant+Science&sa=X&ved=0ahUKEwiUmt-OxqTVAhVQbFAKHQxNB3oQ7xYIICgA&biw=1366&bih=646
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0ahUKEwiC6dqvxqTVAhWIPFAKHa6uBBoQFggjMAA&url=http%3A%2F%2Fwww.currentscience.ac.in%2F&usg=AFQjCNGeiJST_MmjQndH7agL3oaYvOeV1Q
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwjC-ZjAx6TVAhUDKlAKHWSHAzMQFggtMAI&url=https%3A%2F%2Fwww.journals.elsevier.com%2Fenvironment-international%2F&usg=AFQjCNGFY6yOLkMSFb8t00Ip0dbPpnrT-A
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwjC-ZjAx6TVAhUDKlAKHWSHAzMQFggtMAI&url=https%3A%2F%2Fwww.journals.elsevier.com%2Fenvironment-international%2F&usg=AFQjCNGFY6yOLkMSFb8t00Ip0dbPpnrT-A
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiBxbKCyKTVAhUFbVAKHUetA5kQFggmMAA&url=http%3A%2F%2Fwww.tandfonline.com%2Floi%2Fitxc20&usg=AFQjCNFYlmaeBjsTiTBcmkPyNbTPokbrEg
https://www.google.com/search?client=firefox-b&q=spectrochimica+acta+a+mol+biomol+spectroscopy&sa=X&sqi=2&ved=0ahUKEwi2tuftyaTVAhVIalAKHaCxDOsQ7xYIICgA&biw=1366&bih=646
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjrkZTGy6TVAhXGKlAKHbCQCtEQFggmMAA&url=http%3A%2F%2Fwww.jbc.org%2F&usg=AFQjCNGAYeOWntnQo_IZ5z6idmvtnhu-UA&cad=rja
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjrkZTGy6TVAhXGKlAKHbCQCtEQFggmMAA&url=http%3A%2F%2Fwww.jbc.org%2F&usg=AFQjCNGAYeOWntnQo_IZ5z6idmvtnhu-UA&cad=rja
http://www.sciencedirect.com/science/journal/00255408
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjD2IKOzKTVAhUFbVAKHUetA5kQFggoMAA&url=http%3A%2F%2Fijpr.sbmu.ac.ir%2F&usg=AFQjCNFT7asQpI5KdaE4I3tiu_bY9hv8FQ
https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.30.12.6
https://jispp.iut.ac.ir/article-1-896-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1398.8.30.12.6 ]

VAV Jle TV oyled oV e (Al s SIS 5 i Ve

Singh, K., Kumar, S., Rani, A., Gulati, A. and Ahoja, P. S. (2009) Phenylalanine ammonia-lyase (PAL) and cinnamate
4-hydroxylase (C,H) and catechins (flavon-3-ols) accumulation in tea. Functional and Integrative Genomics
9: 125-134.

Vinash, A., Pandeyab, C., Sharda, S. and Raghvendra, S. (2010) Application of ZnO nanoparticles in influencing the
growth rate of Cicer arietinum. Journal of Experimental Nanoscience 5: 488-497.

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

Wang, C., Zhang, S. H., Wang, P. F., Hou, J., Zhang, W. J., Li, W., and Lin, Z. P. (2009) The effect of excess Zn on
mineral nutrition and antioxidative response in rapeseed seedlings. Chemosphere 75: 1468-1476.

Yamasaki, M., Shakihama, Y. and Ikenara, N. (1997) Flavonoid-perioxidase reaction as a detoxification mechanism of
Plant Cells against H,O,. Plant Physiology 115: 1405-1412.

Yuhui, M., Linglin, K., Xiao, H., Wei, B., Yayun, D., Yuliang, Z. and, Zhifang, C. (2010) Effects of rare earth oxide
nanoparticles on root elongation of plants. Chemosphere 78: 273-279.

Zhang, Z., Pang, X., Duan, X., Ji, Z. L. and Jiang, Y. (2005) Role of peroxidase in anthocyanine degradation in litchi
fruit pericarp. Food Chemistry 90: 47-52.


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi-rY3Ygf7VAhVL1hoKHZ-pCSkQFggsMAA&url=https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Flabs%2Fjournals%2Ffunct-integr-genomics%2F&usg=AFQjCNE7ZCMhyBnoc7jCC1V5Af1BcNmjLg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwil9-uxzaTVAhXGJVAKHQfiDLwQFggoMAA&url=http%3A%2F%2Fwww.tandfonline.com%2Floi%2Ftjen20&usg=AFQjCNF4GCvBjcOn5hzJjdDW2imI0ZeWPw
https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.30.12.6
https://jispp.iut.ac.ir/article-1-896-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1398.8.30.12.6 ]

YVOdd; 5 O esbas bu g edd e (695 ST O3 S0 Ca )

Investigation of toxicity of zinc oxide nanoparticles synthesized by olive extract
on growth and pigments in Borago officinalis

Shahla Hashemi *?, Nazi Nadernejad?", Shahram Pourseyedi®, Zahra Asrar?

'Biology Department, Faculty of Science, Shahid Bahonar University of Kerman, Iran
2Young Researchers and Elite Club, Shahrekord Branch, Islamic Azad University, Shahrekord, Iran
*Biotechnology Department, Faculty of Agriculture, Shahid Bahonar University of Kerman, Iran
(Received: 21/08/7 Accepted: 06/01/2018)

Abstract

The synthesis of metal nanoparticles has attracted the attention of scientists in various fields, particularly in the
chemical, physical, biological and medical sciences. Using extract of plant for nanoparticle synthesis can be
advantageous over other biological processes because it eliminates the elaborate process of maintaining cell cultures
and can also be suitably scaled up for large-scale nanoparticle synthesis. In this study, zinc oxide (ZnO) nanoparticles
were successfully synthesized from ZnNO; using Olive (Olea europaea). Nanoparticles were characterized with the
help of Transmission electron microscopy (TEM) and UV-Visibe absorption spectroscopy. To study the effects of zinc
oxide (ZnO) nanoparticles (0, 200, 400 ppm) on growth, proline and Malondialdehyde (MDA, total phenol, flavonoid,
Hydrogen peroxide (H,0,), chlorophylls and anthocyanin content in plant of Borago officinalis, experiment was carried
out at shahid bahonar university of Kerman University in 2014. Synthesised ZnO nanoparticles were confirmed by the
absorption maxima at the wavelength of 370 nm. TEM image revealed that ZnO nanoparticles were spherical with
average size 41 nm. The results of the effect of nanoparticles on Borago officinalis showed the plants that treated with
zinc oxide (ZnQO) nanoparticles, increased root and shoot length. But soluble suger, anthocyanin and CAT activity in the
plants that treated with zinc oxide (ZnO) nanoparticles had no significant effect. On the other hand, Zinc oxide (ZnO)
nanoparticles decreased proline and chlorophyll content. In addition, ZnO nanoparticles treatment at 400 ppm increased
phenol content, H,0,, lipid peroxidation and APX, GPX, PAL activity. Reactive oxygen species generation was a
toxicological mechanism of nanoparticles that increased H,O, content and lipid peroxidation in plants. ZnO
nanoparticles causing increased production of reactive oxygen species and decreased proline and chlorophyll content in
Borago officinalis.

Keywords: ZnO, Toxicity, Pigment, Olive, Borago officinalis, Nanoparticles.
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