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4- Thiobarbituric acid (TBA)
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6- Trichloro acetic acid (TCA)

ol F il az 0 Jlaz sles o asds Ve Soe 4
ol ol jslity, 31 ddee 33 b puds il
Pk 59 G 5 w5y Gialel gl 0wl
) 20,5 bylovs g5 s 5 03938 ()] & JLewdS
30 aigad day Ao o )0 (Al ST, adl Ve Do
o5 Bl 4,0 A0 sl ,o (ke () p5 ol plo>
A odg 6yl S5, B as 5 )18 el SO Goe a
ools )13 ol plem (3,0 Alolddl lbdiges s
5 e 05,5 GaBgie 2aSTy 5 odd Sy SLalS b wus
S5 Al ez o] sl p 3 b o
S5y 4l ¥ St 4y Alolidl laaigas g u il
S8 lasre sles o bdiges Ly .038,5 518 90 b o
oS V5 5 s Lo mi dams sloo b b a5
Ol GySoilal glp e (K, SheS g9l
zse sk 50 ol b8 i e 5 0b oolitl (s
oo agidy iSl oliws aliwy 4 jegil O
ab s, Cary 300

VB oSt T sl 31 cudlad (6,505
O yg0 L5°")';‘ o)La.C )‘ oolaul l) sj).) )|.\.~.w5l]> 9
S I il ojlae gl jslie 4 288
Slind gl 3l o) s aw o olS 5 cdl
bl mow 9 ¥V abonwl b Voo doo 00 ol
deg b oS e Vo sl Yae ke SO iy
A oS5 g AkB Lz e 4y g b ablsl | uads
285 plsil (S,U 50 5 e gl e ples
4o Weer Cepn baddo Ve Sow 4 bdiges (e
Soata il o8 il a0 ez sles o aids o
ool b o9y mbe o b.o.g}ﬂ LY SRR
2dydy el Cary 300 Jus jregidy oSl

Y . . . T 3

e 5 olr Ghgy 4 slaeaSTy il cullad
s San Vo0 gy ool )0 b g pSoyll (1490)
ke Ol J s S F8F Ll STy Lgle
Sland 83 M s Sen YO oan & i
FloSee YOV ahanl b Vgahes Voo ely

1- Polyvinylpyrrolidone (PVP)
2- Chance and Maehly


http://yujs.yu.ac.ir/jopp/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-04 ]

\A|

WAY (bl 9 5k /gl o)leid [l Jlw / (89, lalS adgi 49 i

235 plwl woys gy Jlasl maw o 'l e
555 8 Skat o132 5 5 Skat ol (Shnan il
&lp g od awle SAS (ver 9.1) Ll l58ls 5 L

o eolawl Excel [l58ls 5 5l o loges g

oled T S8 50 S (g p cdile Ol W,

G IS ek a4 as ob gl mls el euls esls
g2 syed hlize Jolpe Sl 55lol alad s
g sals luld jo g cdl o pfata Gl odgp
9 Aomb ey 4 o5 &k ahd Lo
ol b (F USL) al eamlice (pdsy cdale op YL
2 Oden e B IS o8, 4w 2STy wes
ool (F US8) g Sglicie Sals STeS 2 Ll
Odon Oliee (@oadle 5l g Lol alad Ll 5o (bl
3 om 59y VOV 5o s L ghd Jlosl b o) aw jo )0
o s Sl Gl alide polie 4y 0B s
e 3l om 9y VP 3 e Ol S Tae 4 (o)
Sy g, GKH2005 5 Opera o3, 9o ;0 oo
le 3L el Okapi o3, o a5 Jbjo )8 oy
Ot 2oa8ls sk abd jles jo (Y JS0)
4 3 GKH2005 4 Okapi o6, ;o yJyp aezs
o590 VP 50 5 05 e85 00 eSS VMY (e
ksl ahd Ollge 4 b cdslin ul jew
3 Gelan e ge (2797 5 23 Sl
Ol Lol ey odmlie cioli8l wigy, S L pd,) 4w yo
35 Sy sy GKH2005 o8, 50 Gl oot
skl wld e o Jle lsie 4 (F S
ad>pe 90 0 0 GKH2005 3, 200> ,s
(oS e 5l e 39, VAT 5 VAY) (ghls paiges
1y odsn el dssl 5l 6 5VL polie (s35pde Oy50
3 SG,sba ol mexd 05 08, 50 b alie o
Jloel 51 595 VP (G e G 5l o 59, VAY
Pl o oedon asl sl cale (g lol alda
£IY AN <55 4 Okapi 3 Opera GKH2005
ssb  (F S8 09 5 g 05 2 eSS O

3-LSD

a5 od sy war Ghlesl Ayl 0950 19, @mbe
A88y 40 490 Veere Cepw Loaids Ve Ous
2 @9 @l wdx Ol Cales )0 005 ek il
Ko .la..w}: )AA})LJ Foo 9 OYY FY- Ty Jsb Low)
cble 5 as csld Cary 300 Joo jegidy xSl
Teal  cupe 5l el L RWCRV[IPXIYN [
2 Jsesil axly olal g dculxe 1OVeex) e
205 ol el
St (S 59050 508 (S Al 0 4 laeigr 99 b
@ = alh g Jol dBlo )3 Glagnz > JS
4 Bolal Oypo 4 ead Sl g Vo e 5k
g ails s sl yz o> & goxo oluis! b el Caws
3o el dle e Yooy by slawy o 3L
ez 5o &l dlass e glp coie ladiy
Sl e 0 Al slasd sl Cgm g el 4Bl
=5 Azl Sl e s sae Vo olasd G 02
B35 6 Pl sy b led il jsbe,
S om g laz jled o 5l Gbae JIST an als Ve
52 039 Olye 4 lapl 5aSilee 5235 59315 L o295
yokiie 4 08 sl 55 s DS a2 Al
(Vo) o San 5 8 b, 5l s o Shes s
250 Sidnd (Soam; 5l 59y 99 9 b eolia]
adle Coley b ey 9 o)k cpom pgs bohs (oS
Loas,jo 40 gad Sid 5l e g wiad culy
Olpee o sawsS 1315 sla jiule;] ogase pleS
Cl)z*.w‘ M}u Ko )‘ oolawl L: laasls 099)
SSbee yo dils (129, Ol wyodel> 5l ws S
G dzg bl aubre (LSe jo 8s, 0 Sles alls
Sl @llas (als) Giobeyl ez ools sl
olej] Slalosl B35Sy 5 logyae 51 luebl
O S plsie 4 palejl 2 wcdinl gail s
L Jol> slaosls g o 48,5 L o (6,lel )
a5 SAS (ver 9.1) &bl 5ble s 5l ol
)| oolawl L: LQUS.:L.A d.w.)l.bo 9 A5 J).«o g)“"b)‘ﬂ

e . . . . Y .
LS Bl a5l iy, 4 5 0 b e w,

1- Faraji
2- Slicing


http://yujs.yu.ac.ir/jopp/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-04 ]

Yy

SSS T a Joxd )0 g 1 9yl (T (Lo 3T i duwlio )80 g (5 )L

@ Jood RIEIL el (nl g cl (St 4 el
ooy byl Sas Lyl a b olS 6,55k 5 (Sas
30 Sy jlaaSly mpl el Olass wig, wyle
oS ol las ol gl el sn ssls (L3 O S
Clld Glie s9ed Sl 5l )bl gl Slile 4
Lulyd o9 <8 pfetar (Rl STy w3l
5 OAoml el 4 oalle 5l bl il 5 sals
(0 JS5) s oamlin jlannSTy w3l codled o YL
ol edlad Sl IS o8, 4w (paSTly ey cnl b
JSa) o9 gline SlS (Sad 25 bulpd o ]
2 5Ty el clled Gl e anlie (O
as ol olias gkl ahad slayles jo 1S o8, aw
3l o s GKH2005 o8, j0 cdld e o iien
08, ;0 S 0wl esalie Opera o3, o o
Lalys o jlaasTy @l clled al8 Okapi
30255 3 okl gl o egasy (Sis A
sl ahd Slilse o (0 JS2) o5 pSeis
e T s BT T BVE SN N %
3 Ol ol Lol a8l (ol 08, 4 o o sl
Sl (0 US5) o9 yiies oww GKH2005 3,
it Sl ST (T Gyl clled
Sopse leie S 0 (Sis a Jood slapenslSe
5T sl 1 cadled (aal3dl e (V21 saa)
5 039 i loges (5 @ Joxia pB)l 53 eS|
Colled b (S5 @ Jood e o0k b bLS)
3975 palS plu g IS olS oSt (I g
5 pade —aemg Ve LSen g TEg ) ol
KRR WA B LGV

F IS 0 S VB oyl el ol o,
S ol plas Job mls ool sad sols isles
Colad Sl bl ahd sle e 4 o)) 25T
(8 JS) g gliie SlS VLIS o3

4- Omidi
5- Farooq
6- Tohidi-Moghaddam

3 Bl glgl HlalS a5 sl ol ol glos S
Seoolse a ) Gden B e sl Slse
2o oo e (S 4 Joxd )0 )l peilSe
JEES TIPS ICT UVRRIN FNVIC SIS POV SO Y1)
9 SFEmgtd s 5l Clillone g oty (S A
s (VoA Tl s o9 Jshe slie

G Sasle 5 (VY Tslol 5 zlos lan) Jshos (s 5

—— sl sl o adls ) g bl alad
—h e 5kl e =R 0 s 5 )l
YF - 3
3o 7 GEH4,
e S A
2 w4 Moy /1 E
[N S o
= owd TS LY /
o . ] . . Al [
x ., A i
é 5 é V4 /
303 0_4\.._%_’_&‘& _},t'
2 - —
Yoy VF VFA VYF VAY yay
O e 5l Gt 9,
5 ] Opera o3,
ER O T
2 A A
i \9 -
B ,/
EY ‘A 1 @ _/
"y ] . N A
s o I X
3 T W 4~ 7
2 " I :;\L’__f)_

A} Ve VFA AN4d YAY Vay

O et 3l (s 35

ERE T Okapi 3,
3 N
3 0 I:iL‘ ............ A
‘2 v @ @ Il
Lo o ’
R /
£ ]
A 17
3 ] b £ A
S N
Vov \§e VEA VY& YA¥ Vay

O o 51 g 3

e b Sn Gdin Shes a, -Y 0 USG
Tob 5 IS 08y w50 5ol s 5l e s, obelr S ages
ailinl gl (bli VU 55 dd pe, bohs) gyl il

(2 oo las |y besls (sl oads aloes

5 (Voo oVgd g B3l ST Jlad slaaseS
5 Zleoylee 005 oo s et sl il a4 STy
oy gezd Glalydl as aundls by 53 (V2Y) gloly
Byl 5l St Sl S5 4 Jamie p,) 4o

1- Ashraf and Foolad
2- Verbruggen and Hermans
3- Bhardwaj and Yadav


http://yujs.yu.ac.ir/jopp/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-04 ]

ol g i (g phack e S0 5a) YBL o (g STy J 0 K] SHULS

o 4y o (30 e T g Sy Kn) JYULS

Yy

WAY (bl 9 5k /gl o)leid [l Jlw / (89, lalS adgi 49 i

kel gkl 5 wals jlad o codia YU w3l
5ot ol @l (B USS) ol ssalie eoddle
50 VB el S Ol easmoplis ool
Sgr sl mapl b awslie jo (Sas s Ll

(90 s JSs)

i
B
£

ceeBbee o 8l gL s

- 2 5 gl glas === gm0 ey 3l sl gl

GKH o3,

s
s

o

(g 0 5 ghon 0 alisds
B 1 P g

P JAlm T 1.7
VoY VFe VFA VYF YAY Vay

O e 31 33

Opera o4,

(gt 5 oo 2 ddd
B e 1 = (T g ey

@. ‘t . _{
Al AbD ARZN Ve YAF Vay

O s 5t 395

S5e
L

Okapi o,

P eAgABO<> B =2
P A AT A A A

(Cridan oo phoo o alids

Qb o 51l 335

dole b W ] ol wy, - S
Tob 9 IS o) a5 58D S 5l ey o) bl (5 S e
5 )ailil (gllas (Ll gV 5 oh s boskas) (g sl ikt

(a2 oo plad 1) aosls (gl ouds dcwlxs

w3l Cdld (aoJS 5l golol el Luld o

L awslis 0 Opera 3 GKH2005 (5,1 ;s 5YGIS
wdy 5o Ll cal ol asys b0 9 MY wels
Sle (Bl s e YU &30 clls Okapi
1) 50 B w3l cllad e uizmen (7 JSE)

ITE SIS TPIVE VRN, PR PRTTCISTS WO 1 %)

LTEE SR TPIVERVON, IS FAYTCINTS EWOOE 4 J¥)

w432 (359 20 g Jmg pna) ok

e, 2% seahas g2 ailo 5l g Lol alod
—_— e J5 5Ll b —=emm 23 a5 3l gLl b
T, GKH 4,

2 \J; o

% o

PYRL

% W Lot 4

. Lt ’

1, @ i/

Y o - - ’

Y R /

Pyl A + ’

-

% ot Pl

X T -

;% v <>—-.__/£

Vay Al VA \Nid VA¥ 4y
O o 31 el 59

Yo Opera o3,
v ] HIE'
v

e & - -i ,’i

{omian o o oo 5 alads i odd
) .
=

B A
PR

- ”’
<>—-@—<>-+—<3——0
oy \Fe \FA \YF VA¥ 14y

O et 5 o 39

A Okapi 3,
f} YA
[t
3 O -
g wod
I
1] g @
woF = - A——i
: o5 -5
2 - S
;% A 0——'{5

A} VF. VFA VYF VA¥ 14y

O o 31 el 5

G5 aiged J>lye (b 50 5henSTy 3l Sl aig, -0 S
g zolaw 9 IS 03, v 53 (ol e 5l Gy 595 elol
tlon s Jilil (sl (blis GV o o0h oo, boghs) (s ,L]

(223 o lai 1) Waosls (gl oas

9 oelan G Sl (o p 3 (V) +) (sl

30 IS w8, 50,0 flas] L_,’.‘;.:T Slaps 5l culled
roml 25 Jlosl 45738 )15 oleS 25 Ll
Codled I st (23l s JISblBe —V /0 gelas o
los g ady; )0 VB 5 jlaasTy JsSLE slaesi]
0 0 kS (ein 3 pB)l om0 w0
psaile Jolhe 5l ookl alad Jlas! L GKH2005
Gl YO @l cldld Gliee (B00ez 55
M;_fl culled Llie o (P IS0) cél 6 Kot
ekd Jlel L Okapi 5 Opera 43, 50 ,o ;YGIS
L 5 0,55 oy Gtz ool g5e5 S0 5l sl
28l Sl (ke gmoails 5l (g lal adad ile 4
Sl VL g rpoml bl ulp (P JSE)


http://yujs.yu.ac.ir/jopp/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-04 ]

Yf

SSS T a Joxd )0 g 1 9yl (T (Lo 3T i duwlio )80 g (5 )L

Vb oS casl J 0 ol (B 9 0 F sla i) ail
@ Yot Okapi o, 0 asaligsnelle clalé o
sk SloST ST Glaps T Sail culled alanl
£ Ll 5 ol 5o o 5 VIS 5 oy
S5eeS1 Jlab slosisS g alBl Yzl 5 5]
50 F la JSs) Cnl 009 guilosnST as Ll 51 5
Olyee a5 050,5 (5,155 (V2T sloby g zlgo )l (£
Byl yo (Sid s lys s asdllgepglle aliS)
@S Gilejl ol )0 05 el pB)| 51 a8 oo

EEES P T PO
—— T el =m0 53 Sl gyl s
3 v "
ERRARE GKH 3,

a2 v d
DA
3 7
R _@
5 WY RN A= - -
E R ) § - - -t
EN T LT
- , s,
LI = -
E A [ é\o"—él\ﬁ——é
1 ¥
oy VFe \FA \VE VAF Ay

O ot 3l (e 39

T ] Opera o3,

[GERUC IRV FOPT ERWENY [Py L I
o
I:.
1 -
{sH
\
5
L}
I
\
\
\
\
—%—

yav Ab YFA VY& YAF 14y
O ot 3l (s 35

e o >
FI
\
E\\\
~
~

3 Y.f o P
ERRAN @ OKkapi 3,
a T

I v ﬂé

ERREA .

E T

T g
107 A

FEEROEE Py ,

. I

kS

1

Vay 5 VEA \VF VAF Vay
O o 3l it 9

dole b o wdflespglle Shuss W, Y S
Tobae 9 IS o) a5 588 S 5l ey 9y bl (5 S e
3 bl sllas (bols YU ;0 oads pay bghs) g Lol calise

(a2 oo las 1) bosls (sl oads avloes

S s bylps o J,;JJTLSQL‘)}JLA Ol s Xy,
Ao & G SOLES pl Ol egmd a8 ol lid
Wil 5 (pe Gl iy g el by

5 Sl pmals blae jo bl 2dl 6 Kotz il
Okapi 5 Opera 3, 50 0 VG o3l colled
U515 (1248) als .S 5 Sl (P JS) ob saslive
iS5 Lyl s VB 5] Sl o s S
sl Glyen Galojl ol @l b g o i
o olas VS o asallsoryglle &l s &g,
03y a5 5o alligopglle (lies Ll (S oS
okl adad Ol3lge 4y g ol cdwlive dals [l o 318
# Bl o slaaul peslannSly ol
wiflgopgle g Koo Sike 4y Jslo lad
ssallgsoglle (F JS8) 28l s pfate Sl
2 el opx lasul poeslannSly Jpame
S ol 4 5 ki e 5 Culeacdyiud
Sl Ol b)) e 4 a0
col sad aslis Jsbo slié a ol sla i,
ole Ol bl (Y Tl gl e
5 Ondon sl S Slao (S olies a4 wslses
Sl Byl Gy et 51 (S heST (T sl 5]
ool s glonle) wies GIeS 4 Jod plubis
Ol Ol wald Lulpl )3 5 owyp cnl o (VY
Okapi 5 Opera .GKH2005 5B, ;s asallss
30 Oy pmerie o gile p Jge g6 /PO L VT
ool Sl o3l | )Ll old et 3 45 Jlo
LR RSSO PR Y [ PV PO SRVC R [P
2 SieS GglannSTy, 51 Opera 3 GKH2005
a (Y JS8) wagr ls,e5 Okapi o) b awslis
Solerl @b e o asdllsopglle Gliee Sl lsie
O G 3l e 395 YPA 9 VF e VAT jo eoddll
S VXY N ¥ L ply oo sa GKH2005 o3, oy
£ Slas )5 Y JS5) 32 sl » Jso 5 1VF
Gt 5 (S (B 0eTs 5 B 5 6kl
5 GKH2005 55,1 ,o s jar asallsocyglle ol
@ Wlgs o ggoge (pl (Y JSi) 0l saslie Okapi
B slemyl i coled g Gdsn geas Jo
GKH2005 435, ,5 ;Y515 5 oSl b olages]

1- Zhang and Kirkham
2- Bhardwaj and Yadav


http://yujs.yu.ac.ir/jopp/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-04 ]

Yo

WAY (bl 9 5k /gl o)leid [l Jlw / (89, lalS adgi 49 i

o5 0 odon @ s st (ST Glael
S dlge Koo 08, 90 b awlis ,o GKH2005
oS 8l (e Sl adg ke Jelse Pk
5 ails olaws Sl sl s, el (Ses i byl s
Wogs Sglie bl b o 0 Lol dBle p 95
Skl adad g sels Glajles 0 aSyeb o
a0 08y 90 51 i GKH2005 o3, 2055
DS poadle ol 5l ikl abad o Ll wg
odaline (swyn y50 SIS 08, dw (55 Sl sne
Lokl e Jla o opizen (F o) o
Pl Lol ddle 55 50 wls slasy (o8> 595
5| s gylogxe ysb 4 GKH2005 4 Okapi
s aly sl s 5l (F Jga) o Opera o3,
3 Glo g DS LB (o8 aSle e
Wil bl 5l gkl abad 5 aals slayles
5 2305 ol 5l s)lal @b slajles o a5 >0
0 08y 90 51 i GKH2005 o3, 2055
GlBe Fahw 0 a5 sy oo S5 4 (T Jeux) oy
L 550 08, 90 b awslie ,o0 GKH2005 o3, sl
e stzs BB i n oy ez s 5l Gl
e 5 Toslim ol ails wls odg ks
ooy bLil IS 6B o a5 aacils bl (Y-) )
Syl 09y ol yo aly slaws g e Jeb o
Slass gwlol 25 505 (Ve +F) oo 5 ' 1,SulisS
Jeowio plB)| wilo o Sloe 20l58l o > j95 )0 ails
mls wlasls oSt Slse 5 of e Luld o
Golel Gl zshw o il o Slee Kl anslie
yals o Shes oyt GKH2005 3, a5 slo yLis
s2saile 5l gLl abad wals o)Ll slo,les o
B R N ST ST RPN
S0 oy LLSe 45 p,SelS YOY- o VYT N ED-
als o Slos (5SS &S Conl Jb 50 cnl (F Jguz)
s Opera o3, g 0 Sas 25 slbyles o
&b 1518 oS 5 ,Slae (F Jgaz) o oanlie Okapi
Al oo asls (59 5 ails dlasd 0l S o 95 Slaws

2- Hoseinzadeh
3- Gunasekera

lomam 5 clgd @l L & ab e oy
A S ol i, o (1290)
sk sl 5 ls s Shoe ol g 4375 s
Slgelal cplpy sl oals ools Hlas ¥ Jga o
gl o dalllas 0,50 Slao 4S5 o8, 515 )l
ks pB)) a5 J 0 g jlo gme deye S )bl
olass ¢ o8 a3l g Lol aBls o (o 95 Slaws i
Sfdes 5 0,8 a3l g (Lol dBlus o (paz o3 ,o als
Ay sl ol )lel sl & (sl (25T s
20 Oy 08kes 5 ails e 155 o) 1 )lnl e
Tsbw gyp (¥ J392) 051 Jloine sylel o
Slass oy idon a5 ol las F Jgam o blaie ol )il
) dw y2 )3 o p Sl g Lol Bl sz e
el Jlael 5 4 osnlie valis o 4o dalllas 3,50
b tlie 3 Slio ol Lugeeime 2l o ()l
5 248l I 5 Ll alad Jla oS5 sboay il wals
Slaws (558 s (205 1 lnl @l o 5l ey
oy (28 sleasly 5 ol Ble o p 29
aals [l ;o (g o g IS pB,) o (F Jgo)
2y i ssalie aoinzss ) sylel el
s GKH2005 (5,1  aoadl al> o 51 (5Ll adab
o) @ J5 Ay 5l glal gld o 5 Opera
Blo ,0 p oy olaws i GKH2005
sl L 51 ) 2Ty (F Jpaz) axidls |, Lol
&wd)ki@ﬂ@éﬁbuﬁﬁw?)?
oS Gl Glyles als s 5 v alis
03, 59 4 Cumd >y B s L GKH2005
Spe SIS 13, 4w Sslis (F Jgo2) 05 5p 500
e 95 ol a5l (gLl Galises ol 10 oy p
Sy 2 L Gl el ol @l s
500 08y 50 L alie ;0 GKH2005 (8, opizeen
Siee S 3 el b sl s 4 STy o
NP n 22 L 3 (et slasi o alS
@ S bl o) 093 (pzs Sl g o
S35 7S Gl ol 3 (F Jpaz) 8,5 ik
AV el alavly 4 s pgealaenSTy a3lo

1- Shewfelt and Purvis


http://yujs.yu.ac.ir/jopp/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-04 ]

Yy

SSS T a Joxd )0 g 1 9yl (T (Lo 3T i duwlio )80 g (5 )L

g wls yl5m 09 e eesp 4Ll g Lol dle po o5
Codled o (Blie jo (0 Jgaz) cudls ails o Slee
ails o Slae g 0,Shas sl b oS T glags 3
O 00 g b eselie la e g oo (e
olaxi g )8 axld jo (o o5 olaws o, Slee g3
St (e Gl (88 4B Gaz e 0l
o9 18,55 VB g SleSTy lam Bl b cote
5 Odon Om Sl bl &5 cwl Jleye ol
O Jguz) ais sasline ails o Slae 5 o, Sloe (sl3=!
MoenST T lo T (285 (V2 ¥) "5l 5 gun
Wlos )5 oS plalS o (Sas ay Jood Gl s
Lol 5o shansly w3l (5 b & rizen
slizl g o Slee b s 5)losine 5 5598 alal, VLIS
olasxs o Slae lizl ;0 (0 Jauz) cudls o Slae
als e Gis 9 VL 28 aSlh o (e
So Lls ails o Shee b 1) (Kiwod o8 (n 503k
Obis aslllae (pl 5o (Kod 4325 @S (O Jou)
5 STy s ST T glagy 3T i a5 ol
oRlPl g o) pealanSly als s VB
5 009 (don Ml F0s 0 e (S8 4 Joos
3 ezt dlasl g YL o Slee sl i 5o
als o Slas b8l )0 1, A& (i (o8 3L
S )s 1515 oLS

8 Jloel b a8 ol (i gy ol (IS b
P O S O
Olye 4 agallgopgle ads o VB 5 sl
Pl o Lol bl ial3dl ) pmaslanST s Lasls
ST (BT (gloe 3T celad Galidl e Jarxie
Pyl 51 eS asallgopglle adgs (liee g i sl
S Gbmzl b amlie Grmen Cl oles
slo plis (Sad A5 4 Jood 50 (gn g ST
G laSTy ogar g Ot (ST slaps il 45
Sfles g o ,Sles izl gilul g L )5 s mee
Ot 3O Ceigred bl pdg b aslae jo ST wls
DAY (o8 a3LE 3 o dlas 3 Slee (g2

6- Hsu and Kao

olas Gleyl cnl gl 5 (Ve ¥ (o) Sen 5 | 50N
L)")éﬂ). f“é) )'> als é)s'l“"c U")"'“""’ as b
oy o ,Shee ezl i sl L GKH2005
Al odmliv £,8 gleasly o 5 o e olass
slompl ol o5 SV aizea (F Jsu2)
Ol oo & g i mesd YL g slasTy
BYS o ieee 3l asdllgopslle chile e (0g
49 GKH2005 w8y 0 &l o Sles g YL
D5 50 08 90 b A lie

a5 w8 Gl (VX)) Tl 5 g e ol o
oo Vb (Sis o e LS L oawlis o
4 Joxio lalS o GlansT sl slag T collad
Jlie po gl (05 pglie j0 cage (B (St
alal) cpl 0 55 (VYY) rsloli P C‘ﬁ%L@d Syl s
Jozio g8l 50 o n @ed Al &5 asls e
oS )55l 5 (Sis 4 oo B L Sis
s (Soop bl ) Sas Lyl b

O ool (Kian il o Jooz )0 gy mls
§ (o (SNwad &S 0l lis dalllas 5,50 Slao
51 sl 3T el b asallssnslle C 6l cine
P A aS b 4 (s ey g n g laeS]
o (M= =+ YA) SYBIS = —+/AY) oSl ]
gl )3 == 173) (o n 5 wo)s S Jloiol glaw
walligopglle b (558 5 (hte alaly a0 iy Jlozo|
ST slapl el st bl cply asmals
2 Odon b amlie jo VBB 5 jlasly Jlans]
ofle chile 5 gilannst 4gl s SISl als
aipel sl B wiz e ool 0oy i asdlles
Cwols dhauly & Jolw slid g )luly o 55 odgp
Sl ol DL (5eaST b laaiss (6509l
FURRY SRV PUPSURR {FIUR I AIARSNPC RPN
slawy b g losime g shin (Suen aSallso5lle
5 ails slass o8 aSls g ol dBle o 65

1- Angadi

* Hsu and Kao

3 Bhardwaj and Yadav

4- Ashraf and Foolad

5- Verbruggen and Hermans


http://yujs.yu.ac.ir/jopp/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-04 ]

Yy

WAY (bl 9 5k /gl o)leid [l Jlw / (89, lalS adgi 49 i

Skl ilisie 6lajlas 53 1515 03, dus )3 (o) 32 3590 Slao uilyly 43305 gl Y Jouor

larye S
59,y 0 ,Sles als o Slos 539 5o ails slass 5o ails olasy 2 O ye olasy e ye Slass s
BUT Sl ez o> ABlo Gz 9> sleazly ;o ol a8lo o 5 ol Ol s ailie
«ls =R sl ! =
V\FYYOY [NATATATAR V/AY QO ** Q) HF YY. YA FE YVPH K Y D s,
ARAEFN OYOYY AN o A ARVd \td A @ gl
Varavy ARFARRVA <170 A KF .y EE YeeY . FE oy Y V) o3,
#Y-Y ns NZ2 da AY4 \Y ¥ £ RE YOqy H* Yo ¥ 4 Dl Sl
Yyars VOOAY AN ¥ \ AN ¥ \¥d o sl
A #Iv VA VY/4 710 AA Vele o po

Kk ok

il ge o g o y0 S g g Jleizl s (o cod 4 FFGF (s ey NS

PO Sy & adllae 050 Do (B o8 XA Jlie Sl lanSilee aylie @l -F oo

A 4D 50 (e Sl

kol dBl jo 5 e Slass

3ol ols Jotelakd 5lslel olb . Sl ok el eld 5l el b ) .
. - . el . - ) sals RN
BI85 3 (ool PO 595 =S5l (ol
YO/ a YaAva \fA¥a  YY-/fa YYis a #0/- a fAIFQ Yva GKH2005
\Y#/- b \-Y¥ D YAY' b \Y-/fC #VIY a fo1\ b f0/6 a A-a Opera
Y-fY .
WY/ b Ad/- b N c b Ye/-a YD TYY b Y\a Okapi
VOIA v Ve VYA VYA Y/ AN vV LSD (7o)
=P sasls e o wls slass ol Al o5 40 alls slass
3 G)L,?‘.T olad 5 LS)L-.:%j olas 5 LS)L-.:%j oad . 5 Lﬁ)L-.:-.'j olas u.§)L.:-.'j okd 5 LS)LHT s . .
. - . Sals . - i aals o)
R ) N LS R 5 LIE
YV
YE¥a AN v/- a YOIY a Yol a YO/f a \V/-a / GKH2005
a
YYIO
VAN b \-/Ab IV a Y-lfa Y-IAD \YI£ b IRAR:! b Opera
Y& .
Y-/Y ab Vo b \AR:! Yf/Aa YFIY a VVo b A-a b Okapi
a
\Al ¥/ Y/ o/f \IY \AX o/f Y/Y  LSD (/0)
(LS )0 p,55LS) ails o Sloe
) 6l a3 i bl a3
BT (;-143 ‘_;MJf )“ 6)9.‘&’45 BTY) (;-143 als P&)'
SPIZ ol
YOV a YYYY a \FO- a VY- a GKH2005
VavY b \Yf# b YA b Ysva b Opera
\Vo- b \W#A D AYY b YYYA ab Okapi
Ty Y YEY A LSD (/.6)

A o0zt Jleisl gl 5o g lel s cae ST 86 ate 2 50 S i By S JBlas gl sla o Sile


http://yujs.yu.ac.ir/jopp/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-04 ]

YA

SSS T a Joxd )0 g 1 9yl (T (Lo 3T i duwlio )80 g (5 )L

3160555 2 et (5T (slay 5l collad o ey
Ol oo 4 (858 aBLL )0 (o3 Slaad (YL
cbale) Joho slie sl lacddg mSIl cuis ol o
Ot S50 08y 90 b anslie jo (adalligoglle

Sge adei |y il o Slos

g il o Slee L1y Jlo e 5 cude Suen

o el ol casls oSt BT slag ]
O YL olee 4wl )5 gilonST T e
2 oo QR wlgiee (28 42LL )0 (o5 Slas
osls LGKH2005 o3, g oSyl  Sies 4 Joos

anlllan 550 Do (o o0l (Fiod el Jsoz -0 Jsor

Slass

Slass

) HORIRH il olass . . -0
S Slos 09 Al ol . . . O ) .
We R o smes e ASIOT AETT oo Sy 5 oy cle
aslo asLy 43 2 a5
Sy ke st L ;
) o
\ el PNy
\ FAARALY oSl
\ T Y VL Ry 2} -gooslle
—+ /Y0 T A\ olass
\ <Y 5 N
o Y 7 A o
. . . o
\ dAYEE YA e R0 XF o
R OeTy
3l olass
\ CIND E Ljap EE --17f LIyq EE .2y 18- P -
IAD 130 I / i 2 ot
S asle olaws
\ NEYE L JIAY EE Ljay ®* —‘*/;f\“ SJAe EE 4‘;\‘ ~/$ﬁ 5 R
L8 axll
\ YA Sy ™ o™ dos kYA ey Y s e s
\ v ay R ayke Ly AT e UV 0T s Sl

Qo0 S g Jlio] maw jo s cre o 4 FF G F (s ke e DS

&bl

Sy Gliwl gwlislea S o lol . cwliilen aab Lol N YA 2l s
Aebi, H. 1984. Catalase in vitro. Methods in Enzymology, 105: 121-126.
Angadi, S.V., Cutforth, H.W., McConkey, B.G. and Gen, Y. 2003. Yield adjustment by
canola grown at different by plant population under semiarid conditions. Crop Science,

43: 1358-1366.

Ashraf, M., and Foolad, M.R. 2007. Roles of glycinebetaine and proline in improving plant
abiotic stress tolerance. Environmental and Experimental Botany, 59: 206-216.

Bates, C.J., Waldren, R.P., and Teare, I.D. 1973. Rapid determination of free proline for
water-stress studies. Plant and Soil, 39: 205-207.

Bhardwaj, J., and Yadav, S.K. 2012. Comparative study on biochemical parameters and
antioxidant enzymes in drought tolerant and a sensitive variety of Horsegram
(Macrotyloma uniflorum) under drought stress. American Journal of Plant Physiology, 7

(1): 17-29.


http://yujs.yu.ac.ir/jopp/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-04 ]

Y4
WAY (bl 9 5k /gl o)leid [l Jlw / (89, lalS adgi 49 i

Chance, B., and Maehly, A.C. 1955. Assay of catalase and peroxidase. Methods in
Enzymology, 2: 764-817.

Enjalbert, J.N., Zheng, S., Johnson, J.J., Mullen, J.L., Byrne, P.F., and McKay, J.K. 2013.
Brassicaceae germplasm diversity for agronomic and seed quality traits under drought
stress. Industrial Crops and Products, 47: 176-185.

FAO. 2013. Food outlook. Global Market Analysis. Available in:
http://www.fao.foodoutlook.com. (accessed march 2014 ).

Faraji, A., Lattifi, N., Solatni, A., and Shirani Rad, A.H. 2009. Seed yield and water use
efficiency of canola as affected by high temperature stress and supplemental irrigation.
Agricultural Water Management, 96: 132-140.

Farooq, M., Wahid, A., Kobayashi, N., Fujita, D., and Basra, S.M.A. 2009. Plant drought
stress: effects, mechanisms and management. Agronomy for Sustainable Development,
299: 185-212.

Gunasekera, C.P., Martin, L.D., Siddique, K.H.M., and Walton, G.H. 2006. Genotype by
environment interactions of Indian mustard (Brassica juncea L.) and canola (B. napus
L.) in Mediterranean-type environments. 1. Crop growth and seed yield. European
Journal of Agronomy, 25: 1-12.

Guo, Z., Ou, W., Lu, S., and Zhong, Q. 2006. Differential responses of Antioxidative
system to chilling and drought in four rice cultivars differing in sensitivity. Plant
Physiology and Biochemistry, 44: 828-836.

Hamzei, J., and Soltani, J. 2012. Deficit irrigation of rapeseed for water-saving: Effects on
biomass accumulation, light interception and radiation use efficiency under different N
rates. Agriculture, Ecosystems and Environment, 155: 153-160.

Heath, R.L., and Packer, L. 1968. Photoperoxidatin in isolated chloroplast. 1. Kinetics and
stoichiometry of fatty acids peroxidation. Archives of Biochemistry and Biophysics,
125: 189-198.

Heidari, M., and Karami, V. 2014. Effects of different mycorrhiza species on grain yield,
nutrient uptake and oil content of sunflower under water stress. Journal of the Saudi
Society of Agricultural Sciences, 13: 9-13.

Hoseinzadeh, B., Esehaghbeygi, A., and Raghami, N. 2010. Silique Picking Force for
Canola. International Journal of Agriculture and Biology, 12 (4): 632-634.

Hsu, S.Y., and Kao, C.H. 2003. Differential effect of sorbitol and polyethylene glycol and
antioxidant enzymes in rice leaves. Journal of Plant Growth Regulation, 39: 83-90.

Jongrungklang, N., Toomsan, B., Vorasoot, N., Jogloy, S., Boote, K.J., Hoogenboom, G.,
and Patanothai, A. 2013. Drought tolerance mechanisms for yield responses to pre-
flowering drought stress of peanut genotypes with different drought tolerant levels.
Field Crops Research, 144: 34-42.

Mahajan, S., and Tuteja, N. 2005. Cold, salinity and drought stresses: An overview.
Archives of Biochemistry and Biophysics, 444: 139-158.

Moghaddam, M.J., and Pourdad, S.S. 2011. Genotype x environment interactions and
simultaneous selection for high oil yield and stability in rainfed warm areas rapeseed
(Brassica napus L.) from Iran. Euphytica, 180: 321-335.

Omidi, H. 2010. Changes of proline content and activity of antioxidative enzymes in two
canola genotype under drought stress. American Journal of Plant Physiology, 5 (6):338-
349.

Rashidi, S., Shirani Rad, A.H., Ayene Band, A., Javidfar, F., and Lak, S. 2012. Study of
relationship between drought stress tolerances with some physiological parameters in
canola genotypes (B. napus L.). Annals of Biological Research, 3 (1): 564-569.



http://yujs.yu.ac.ir/jopp/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-04 ]

v‘
SSS T a Joxd )0 g 1 9yl (T (Lo 3T i duwlio )80 g (5 )L

Ren, J., Yao, Y., Yang, Y., Korpelainen, H., Junttila, O., and Li, C. 2006. Growth and
physiological responses of two contrasting poplar species to supplemental UV-B
radiation. Tree Physiology, 26: 665-672.

Shewfelt, R.L., and Purvis, A.C. 1995. Toward a comprehensive model for lipid
peroxidation in plant tissue disorders. Horticulture Science, 30(2): 213-218.

Stepien, P., and Klobus, G. 2005. Antioxidant defense in the leaves of C3 and C4 plants
under salinity stress. Plant Physiology, 125: 31-40.

Tohidi-Moghaddam, H.R., Shirani-Rad, A.R., Noormohammadi, G., Habibi, D., and
Boojar, M.M.A. 2009. Effect of super absorbent application on antioxidant enzyme
activities in canola (Brassica napus L.) cultivars under water stress conditions.
American Journal of Agricultural and Biological Science, 4: 215-223.

Tohidi-Moghaddam, H.R., Zahedi, H., and Ghooshchi, F. 2011. Oil quality of canola
cultivars in response to water stress and super absorbent polymer application. Pesquisa
Agropecuadria Tropical (Agricultural Research in the Tropics), 41(4): 579-586.

Verbruggen, N., and Hermans, C. 2008. Proline accumulation implants: A review. Amino
Acids, 35: 753-759.

Xiao, X., Xu, X., and Yang, F. 2008. Adaptive responses to progressive drought stress in
two Populus cathayana populations. Silva Fennica, 42: 705-719.

Xu, X., Yang, F., Xiao, X., Zhang, S., Korpelainen, H., and Li, C. 2008. Sex-specific
responses of Populus cathayana to drought and elevated temperatures. Plant, Cell and
Environment, 31: 850-860.

Zhang, J., and Kirkham, M.B. 1996. Antioxidant responses to drought in sunflower and
sorghum seedlings. New Phytologist, 132: 361-373.


http://yujs.yu.ac.ir/jopp/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-04 ]

ARl
WAY (bl 9 5k /gl o)leid [l Jlw / (89, lalS adgi 49 i

Comparison of antioxidant enzymes and proline roles in drought tolerance of
rapeseed (Brassica napus L.)

Hamid Jabbari', GHolam Abbas Akbari**, Nir azam Khosh kholgh Sima’, Iraj Alahdadi’,
Amir hossein Shirani rad*, Sayyed ali Tabatabaee® and Ali Hamed®
' Research Assistant Prof., Qil Seed Research Department, Seed and Plant Improvement Institute,
Karaj
* Associate Prof., Department of Agronomy and Plant Breeding, College of Abureyhan, University
of Tehran, Tehran.
Corresponding author Email: ghakbari@ut.ac.ir
? Assistant Prof., Agricultural Biotechnology Research Institute of Iran (ABRII), Karaj
* Professor, Oil Seed Research Department, Seed and Plant Improvement Institute, Karaj
5 Research Assistant Prof., Yazd Agricultural and Natural Resources Research center, Yazd
®MS.c. of Agronomy, Department of Agronomy and Plant Breeding, College of Abureyhan,
University of Tehran, Tehran
(Received: 2014/04/14 - Accepted: 2014/10/25)

Abstract

In order to comparison of antioxidant enzymes and proline roles in drought tolerance
of rapeseed, an experiment was conducted at the research field of Yazd Agricultural and
Natural Resources Research Center in 2011-2012. In this study, three commercial rapeseed
genotypes (GKH2005, Opera and Okapi) were examined for response to irrigation
treatments such as non-stress conditions (control) and withholding irrigation from stem
elongation, flowering and silique formation stages in four separate experiments based on
randomized complete block (RCB) design. The results indicated that proline accumulation,
activity of catalase and proxidase enzyme and lipid peroxidation index (content of
malondealdehyde) were higher in drought stress treatments, but these amounts were
different in three rapeseed genotypes. Maximum activity of antioxidant enzymes and low
content of malondealdehyde was observed in GKH2005 compared with others, in drought
stress conditions. Between these genotypes, GKH2005 produced the highest seed yield
under non-stress conditions and withholding irrigation from stem elongation, flowering
and silique formation stages as 3110, 1450, 1773 and 2510 kg.ha, respectively. These
results showed that role of antioxidant enzymes on reduction of lipid peroxidation and
increasing the drought tolerance is more than proline. Also, an effective antioxidant system
along with lower malondealdehyde and high silique number per secondary branch had the
greatest role to productivity maintenance of Rapeseed under drought stress conditions

Key words: Catalase, Malondealdehyde, Peroxidase, Seed yield, Siliqgue number per
secondary branch
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