[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

Ol 2! (2138 gsbuo g 4355 pale alxo
103_112 QW 61392 OMU 52 °)LD-¢:3 ek & JLM

S SH w9 DYer 8,1 (gaiwlii g (g (59,5 hos s g (o2 lonis DO
Loy T Lansgs oo (235l 352 3,1 3l oo dngy S o5 b

2 1 .
98 Se ¢ plwiia pee S

i g, s &Si“')" I"?l" oKisle ‘u’_\k\.c an..o ) PIReY oSty ‘)9..'."5 u’_\k\s an..o ) 6“"‘“\’" Sladss [ roven H] ‘u’_“b\sénLMo ) l"?l‘ 6‘)‘55 J?':"“'“ ol 8 -1
Le_mirmoghtadaie@yah00.com : S.s,:Sl Cay

gl i oSl (53,sliS aaStils ¢ e mlio s psle 05,8 sbwl -2

9215123 : 5 pdy o6 92/2/11 1zl o 5w,

ouS>

A4
S5 gl =YL 6313_6 B PLIR S Y L RS PRRVOR W SLaS P g oz e o) Sode s 4y BY gy Zé.\bgdﬁglm

g 50,8 30 g ool gl el cos (6 S Cangy BV g 8,1 51 g slgnl g atwlis (Guizs ol j0 .l gl ] slaaselogl

WD Rl SIS ads jshaie 4 SKSTo))
a5 03,5 eoalisn (slajlest 5 0b Jaaws 0,5 alial 5 (20 Jlail sbml slay L 5l oolinul L anulis [agugy g Slge
Sl Sl Sile Vs 0T Jge b 50 LapT il gl .8, IS 4 B (185 syl Sleosas haw sln o0)S

gy O 5l Jolr S5 (Sujed slo S
a5 sled (59, wasive Sl ow opl Jg céb iol33l (0<0/001) (o3lslaT aoyo g Joil 5 o950 p0d ¢ coye Jlail 51,0 :laaidly
I, (p<O/001) (5loslol soys 5 o ars¥s les (Jg i (p<O/00L ) Jsil 3 p,95 y0d il el oS alital coudlss (o
3 S g Hgmdgal ol Ll ols (2131 (359505 ol (et Ll (S aS gmndgal Cllad Jrass 93 58 (g 3590 53 0l ralS

(p <0001 ) YL oz 5 (p <O/00L ) 555 yoas iy j5Smsy slylo BYsy 0,1 5l os angs S5 .28y oS’ (p<O/001 )y 50 5o
NP (p <O/OOl) SS o> g (p <0/001 ) et A J0Sm g yinl38l e aliiul anwlis og r:..\;f a)T 3lodd a4y SS 4 S

Siely8l a8 Jlo o waifp <0001) S8 st oon p SOIO0L ) j2aS o w3585 crgo 00alisd (i lime Saliél
b (S5 5 emlio (s 5555 b (S5 e conal60 (raig g bl (gaiunlits Sl (ylojen (goolitnl aS als (LA o 2 18 0¥ A0S
0l (60 (piigy ol po dy abitl (gaiwlis b aliu) satulis b o,] o350l (ol ply ol 00,5 slog! J5uS (saiges 5| 5ol p

Dyder SV SIS (So b Sleosgas Sep g

0955 AlinS g 048,8 odual 68 (0, bl «3Y5, [ GlS B 19

PRV

g a5 el 51(2) el o950 wstae So5eles 58
cewlio (U sam 6l o 8,1 s (5615 £ 51 Y
o ol 5l Olas e CuigSann § S (A 50 (Jy ans

(3) 5,5 oolazl Slps

39 sbeord Sygoan ool fasd ganwlis olatie

928k g3yl gl 0098l 551 oo (sla gy b s lie

9 o7 Oron Vb e wile BV (glandis wilsd

SN w3, 50 b gl T as coul oads el
ey S S5y e (1) 0K 18 a4z g 5550 Ll
el yi o oSS g i O slaails L
Cis el U clhomg S Sl olie gl BV
Slsgas la S ol 08 golsj poldo g ol


http://nsft.sbmu.ac.ir/article-1-1344-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

hSer g ol ye W (03,Shes cla S g 2bowd 2!

104

9 Mimouni u»s) )| oola_wl l_.\ JYF (f""bjf LgLijl
095 i s (16) panis Sl 1, (1994) S
5l L (1986) ) )Sam s Ma o, ebo Y5y (535
s eoliiwl b cchl> jasls.cs 5 (17) &jg0 puis
ad s pSejlil pH =7 s (2003) AACC s lailiw! j3g,
gl (FOS dsal Colled g S o3lil 4l (18)
MoisS g (i (PR D985 gy 5l Vg (g
&l (19) as sola ol ol ,—oss Sl L, (1978)
U‘)l—i"'ﬁ 9 Kim U"’ﬁ) )| u9.._~.J9A| Lg)‘d._:b 6)_50)“_)‘
L Ggadsal (65lly 8 coscnl 4 0l ool (2004)
JSis 5l oy alolddl & g0 S pacd o (6,505l
Oyad ng_:.fo)‘b._}‘ 6‘)—? (20).)_.“: Lg)_,ffo)‘b.}‘ QM}A‘
OlSos g Lawal g 5l (s (o7 5 2l i
Gl g eud b (21) s solanal s Sl L (2007)
s Sl L (1974) o)) Lsen 5 Lin (g, @las S
(22) KW Lgﬁfo)‘b.}‘

Ly Y5y S5 S (S b Sloguas (65501
o ags 1 Jgas j0 eois 4l yguw¥ge,d 5l ool
Slooliiwl b2 Jgaz b ool s pued (G40 95—y
5 Lakshminarayan g, 4 s o L3 g, yegS g
$l= (23) ©8 ) )18 (s 2 055 (2007) ol LSien
Gyl 5 oo 55 S ankad S a6 S ol
s gads .o ools 4,8 (V) Las e a5l
5 T S B 3] sloalls a1 IS
I SS e g (Vs) ad ceslooly oyl sladsls g
(24) sal caws a5 (Vi - V) aculsre

S 4t sl Y olse 1 g

Slade oY olge
450 (p5) &Y o)
8 (055) o3 SS
117 (65) o5
225 (p5) S
112 (£5) € o35
10 (p5) Sas s
250 (lskes) 1
24 (p5) sml 08
15 (£5) 555 <oyt
9 (£55) cmels

8 (£5) rlisdsal

sl U (60 9Sl8 slotign cunsls Jool> wads faxs
sloog, 5 (03ola L asus 60, Slee sLnoy, S
by JyShe sLao i o Wiy sl b oS00
Sialidl g Lo 3, oml(4) aiiiwe Lo pe L]
G420 90 P 10 aS 058 o aiwlid Sl slass
So—rte 5 00 sl dadlis sl (S5l e 4 axniS
09_.\.:‘54 oolawl @L)..C LgLﬁw )| Lg)LMM) @Sb uo‘9.>
O LSen g Ma.(6) axwe glasiss oo olus 5 adl
gl op g 0y 5luiS oo a5 wsls olas (1987)
9 SIS Oge—adgel Sl ogad Vg g
3 pH o lanl clbl> Jgwijls o3 (Sauessise
SlaceSsm o3, Shes sla i st slp ol o5
ol p3Y o> e ol goole ST lgie 4 BY g
(6 7) 055 ooliiwl ol 5 olowds Joos 5l a8

alos I o litre OV game (gans jo Vg 3l oolanul
(2011) O Se g Karaoglu .cuol azg5 5,50 s S
e 5l oais 2ol glaaulis 5l oolawl cue &l il 4y
(8) wslos S o )Lal S Slo w3 b o ,e Jlasl syl
o0 Jasi 5Ty g diwlis 3l oolaiwl b adss cpl o
Sl le n ) Slse ol eSS Hga¥ga 8 50
SIS 5,0l Glvgas § e dile (b Loly>
S ()
Bovgygolge o
zl il aiwlis (60 Sloe Wluoguas (5 S0 jlail
(9) o plil (1992) o)) o Lim 3, ubo arlis
P9y 3l BV saalis 59, (20 JLail sl sl
alits 0, alwl 6l 5 (10) (2006) o, \Sen o Kaur
&)= (11) s oolaxd (2005) Singh Sodhi 3, .o
(1959) ),Lsen g Leach i, jl p 905 <y08 (g 8ol
Sleogasr ooy p sl (12) s ooliiul &l Swil'b
o oolil (1994) Wang g, 5l BYg aulis 5,1~
(14) as oolizes! (2006) )l 5en 5 Jyolhi o,
= 9n Vgl s es Bluogas g5 ojlul
Ma o, 5l @bl (egn sdlonl gl oln Yy
00 edwal (63 (15) wi esliul L5 Sl L (1983)


http://nsft.sbmu.ac.ir/article-1-1344-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

105

1392 il 2 ojlad qpiin Jlo olul i qlio 5 435 psls abre

Py Dyad

S5 a5 Al glo Lo goaims (lis g > 2 Jgue

o lis By,

oS

w

0

(anls) BV

MO sreeb (gt (orenb sl
1O (npele (roig it sl (5 atnlts
LS snnb (gt oren (sl
20 npelo (y255 gt el (g atnlts

MO sreeb (oo il (satalis
%10 crds (yuigp Falonl canwlis
%15 crdo iy ptaloial caiulis
%20 xnls (g Faloiwl (gawlis

MO oasel 60 (g ¥ srmb sl
100l (55 (uSg g + gomels (s ecali
515 ol 55 iy + gomebs (secali
12000se] (55 cyeipp * orsbs (il

%50%&] &S b9y taloul ‘_gwl...;
%10041&] ) u,«.bj).:‘*'ml ‘_gwl...;
%15041&] &S (b9 y taloiol ‘_gwl...;
%200%] k) u,«.bj).:‘*'ml ‘_gwl...;

MO Al g (o9t aliinsl (sl
%L0alnS g pusigp ol gazulis
%15 alinS g (g ptaliinl (gatwlis
%20 alinS g iy ptalinl gazulis

Oilidl e ge 0, S alul aS ol lis eools Kl
Sl aopo Joli 3L g oo La Jgil 5 p 08 & yad

8l il ey < jad S pae 0y ol
30 a
b —
25 ____

c
20

15

d
e
10
5 H
0 L | 1

b SIS S S BB aloul B8 alou
0/1% 0/05%

5 oo se Jlasl sbul olerd Jass sl 2361 JSi
wlis laJgilS py58 ©pa8 (9,5 abol

Sloolinul b g %5 Jlaxsl mhaw j0 S e 8 By gyl slanSilie S
el ls 220 LSD (45051

Slogar gaslie 5 6,5 0jlasl Ca i (o Laools
ool solas SalS b 5 ooliiul b (paig g anwlss
S G 0 sdal Caws 4 ol (saulio gl 08,5
ol YalS So b =y b B o 9551 9051 5]
3 0 o3 3 ;o 0 Lo nSilos (gamlio o oolazul
SAS I3 8le 5 5l Laoosls Jdox g 4 jo jalaie ay.0d 8

ol ooliiiwl

basdle

awli (69 ,5dos s Sig
R Y = RSN TR e e O (¥ ]
LS g e Jlail sloml a5 ols lis baosls
g Gl b S opl Gliee 5 00l Joil,5 g8 508
alie (1 JS5) 28l Sl (8 pas WIS s jsiusd


http://nsft.sbmu.ac.ir/article-1-1344-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

ohSen g oliioye W (o3,Shes sl Shg g 2bows 2

106

sillol as s

70 4

60 R R R R

50 4 — T T e s
40 1 —B— 15 005 i L,
30 -

—h— 6*:?10
20 -

—X— %6 alzl
0] 40— a—*—+*

—K— %8 alul

0'_* T * T * I;*I/% 1

[N
N
w
o
-

ahil g 250 Jasl sloml s liee g £ 3B .3 S
BYg gaalis sillol (S » o855

o9 n 60 S es sla Sy

IEPSEN PYRCIOUN Y EASNPR PR SV o (¥
a8l iolydl 0, S o wlgo Sl 0 pHET o g p
Sl oog o dms Wosls uSile samslio (3 Jgax) col
gl 039 el (Ll (65, 095 ahenS g
(3 Jsaz) ols a1, BV s

o [ SSS g gol cadlad  ow w8 (o
OF (TS Ggemdsal cllad (2ol crge (0239 (o]
SIS gl slo ( Sg 095 alenS g S1 50 00
(3 sa2) il s 50

Sl o [ (SN UGS (Shig p Joowi w50 (2
B9 3 SIS ES (Shy gl 4 e ongn
S loine ;51 (53 aAlinS g a5 J> )3 (3 Jguz) w
sl (S ol

5 9S ool 3 S (gylal p baw 3G (o
Aot )0 GBS (5lml o Aol carge (195 AbinS g
(4 Jgox) wi oyl

HEAT FLOW

EXOTHERMAL

Sled gy o iV (slod yy Jyoad 3l (o
WoldST L eind il pahaw 457 ol las ad ansY;
i grals Aigad &) Cannd | (Sigad o Y (sl
28 b 45 slos (gm 2 (2 JS2) el o0l g0l
3,08 L5 6 5l eoliul b oad Jows b sdiges
AT Gl 5 ol Y slos (Rl el Sl
Bl s 1y (0,8 el anld (b s

e
2 N\ 2
sl u//ﬁ
| L T T T
L (°C)

$ladises DSC )l 53Ul as bgs o (slo simie .2 S
w2 Jlail glyls ¥g sanalis (0 BYg anb sawlis (@
(dacy 01 Loje Juasl lls BYg (saswlas (€% 0/05
18 alwl Yg aralizs (€ 6 aloiwl Y (gasuilis

5 79 e o A0 33 s Jyand 13U (2

Sl pO,e JL..a;‘ 6‘)") saulis o g.;] Lg)‘L...»b‘)‘]
2 aS jebolen.s,S pinl, gilulol Qe Srae
Jj Lg)‘L)._SL.j Ol 50,5 alitwl oo ool jlid 3 I
Sl sl g olo ol ol 4y (6l b 1) anwlas
oo o1 OT ey (gm0 el 0,8 al

5,8 ol
OSep $3,5ee S Sy p how g8 51 el sanlie 3 g0
(Soss s Ogdgalisilaly (TS o gand gol called 595 caddl> as s o
) (429) (m°/g) (%)
280/00 +9/48 62/6°+0/4 48/98 °+4/67 22/87°+0/29 b
325/83 %+8/13 59/6°+0/2 98/25°+5/45 24122°+0/25 VAP
270/83°+9/17 28/2 *+0/4 189/16°+4/80 86/78 °+0/89 Al S g

sl o gime LSD 5050 5l oolinwl b 5 %5 Jloiol mhaws jo oS jidie ué g (glls slo o Silie M| i j2 50


http://nsft.sbmu.ac.ir/article-1-1344-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

107

1392 ol 2 o lasd it Jlo el e qulio 5 4355 pole e

IS 6oll (S p ki g5 3 Sile amalie A 9o

120 51 gy S (550t 60 51 iS5 (sl

305l S sl 10 51 ey S syt

BN

51/32°+9/10 69/33°£6/ 64
42121 °+3/08 68/74° +6/14
10/06 °+1/44 19/66 *+2/91

84132 *+2/96 92/81°+2/15 i
76/17 °+5/86 89/53 *+2/34 oaeliss
41/28 °+3/04 70/73 °+3/01 Al g

sl o gixe LSD 5031 51 ool b g W5 Jloiol mhas jo S jidie pué Gy > (glls slaySile NS i jo 40

29 Aiged (4R jeSm g Jlogae g 4z BB Ml e
sloslaul (d 4 JSCz) acs S gasged Ly dwlis
(e ‘4 J.&.w) o.)..mkg.) u.i)ﬁj_) °|J‘°'° a 4.L.~w| Lgd.wlm.)
SR 355ty gt 3 0,5 Gl |y edielisd (g
Oeigym Sleolaiwl .o, sloyl =S (gaiges 5l YL
A..u)}i.w.)s u)w AlMM}‘ LQML.“) c‘ro.b QO M}M’
0,5 sloul Ladiges plu g J S gdiged b duslin o)
5 S 9o Gaig g Sty 1 e 4y &S(F 4 JS3)
5l odeliws 4 SLS o> (G lie | SUS pxo (s.s

pAS LS ez 45 ol s BYg SIS L pasS o)
PYL i jsSg cledy Wiy s LualS cpl il aS
bl jolep lacle s, YU 5l as il pussS s
YL (9 Gliee 0nl 2 oo A5 (o0 T 5l S5
Gamlie 0,8 ool (5 e L;.».Suzf ;3%3 By o)T
Oiali8l as ols lad sals sdiges b S sdiges p>
L et b g m g atilis b o)l (3Kl mhaw
sl ooliul (2 D JSii) 8,55 sll e 0 castine Ny,
u.».:‘)_é‘ g0 ‘fx...Jo O g o‘J_.o.b A.J.M‘ L;AWL....)
Ol g Giali8l g 0l ]S (gatiged 4 Sl >
Pl (b 5 JSi) o e ialidl coge (3l
30 e il ol jan sy (gl iy 5l oolaul
LS Czse (3Rl g il s ¢ a9 S
2 Al S g g loolitul (€S JSa) o e
4 Coad (S yeS pze ol 00,010 45 Folas
oo goslawl .(d O JSz) 0,5 ol J 58 (saiges
oz Gl rge ouel 60 eig g alitl salts
il lesluul (6 5 JSo) ad suodg S aiges
el carge plajen sk 4y Al g (g g ali

S (S 528 Slogas (g o3l
e A% 39Sy (Semnlie |y (6433 9Sam 9 (I
09— e (godid i (Y g S e L pudS S
(35S o5y 4 s ylke S 50T g0 Sglie oS 5
rSasLoal 5 jolool Soglitie Cund (i 5 4l
oo S1 B> gl ail o)l 9o (gawlis ;o 89 >ge
S 5less S5 5l el oo 1als o)1 Jgei8 j0 ey
G_X.».»JO L;AMLM*: 9 S 9— su] ) aS o ool
e BV 0,1 5las,020 1510 5 polis o035l
5 (el 55]) wals (gaigas b oo oud plodl slojlos ol
Satged 50 4j9Smmmy 0 dlie SIS (s4igel b oo
alin laphaw plo ;8 we,n 20 5Kl 0 2o J S
358y Gilid e 90,0 20 s 13 s g o0
Lg:\..o_.wLw.: )| oola_uwl D) K-y 64.)9.4).) Ogd> 4y g AW
Rl czge (b satlis sl 4 oo B o Al
doyd D a0 a 5oy (D A USE) a4 jeSen g
St S 5y J 5 (58505 2y B e 48y 0
&9y Lg)..uL: (oS Hlaie o alowl gaiwlis wes
sl coge (3l e (3l (Jg.0)la5 4 jSinns
4S5 Sysb an Ol e A5y 5 & SRl
asged jl e (3l gshw pled )0 dijeSns
Sy S
5 0elisd oo Jrowi glantisy Sl oy n ln
mzjhm)bﬁwéhwlwbd)w ‘41...“,.‘59,...»
9w OA_».ATLQO u.».‘ujj_: )‘ oolwl ol a8l sl o)] 4
3 e A58y il 8l 0 g Ol Lde Ll
Sl38l Jg s JyuS saiged b dwslin 10 0o ,0 Dzl
Ad et 4 ey GRS cge (0L haw
iS5 ey SNl gl ¥l (C 4 )


http://nsft.sbmu.ac.ir/article-1-1344-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

hSer g ol ye W (03,Shes cla S g 2bowd 2!

108

(Cp)az) S

sl s st LSD g5l 3l soliial b U5 Jlozol by 15 o5 it 1o By (sl (gloeySilin DS

(em e

SS x> Sy 69y el mhe g ke Sl ey 2D P
el o sins LSD 90T 51 oolital b 55 ool pebans 1o oS jiie s By (slo (glogyileo OS]

Il e 5l it J5 5 S S5
551 5 sodlaign IS 5 0 Y5 sl oY (T
sages 5| ka8 altul ganalias b asV; gl Y
e Jiasl ool 5l 55 a3l liee el axaeds
S ol ol el e Ll 1 o ol
S J55 Gl e o 9 aialii e o
Se gsholol was mals 045 e (retrogradation)

M °
8 ede an o, S Aol 5150 055 &8 )
S Sl i 070255 (59) Jedgyien sloog S (385
S (59 ke SNy eSS 5 ol (55l e
oloul Jdo 4y s a5 slp oY 6550 Lil3l (11)
] o A Y Al Ceglin il g oo e Y La]
o iwlis (6,8 Fie l G G 4y sled Rals
Slog s Chandl 4 ) g atulis S be ot Jo


http://nsft.sbmu.ac.ir/article-1-1344-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

109

1392 ol 2 o lasd it Jlo el e qulio 5 4355 pole e

G joS g il Cge aliiil ganwlis 3l eolanul
2 S ol iz cle 4 wilgie Gl ol ses
Gailid (gasiged an Comnd Al gaulis gaiges
9 a3 Ghls et s Sjle am Sl ool
odiel(63 iy 3l ool il (g ity (s 55Kt
Wlgee (B (nl A e (G40 9Ny (Rl 2 ge
SzsS slaaty sbul g ety n ojlul (rals cleay
FUINY W& RCH S JEPR PRV PRSP RVO JPR g |
WS S8 D 93 A e 50

4 j98my Gl e alenS g g 5l olin
YL Of i pad ece ay Gilidl ol oo e
3930>) ool (rrbs e 4 S AlnS s (g0
Gl g et 50 Ol S mge amiis o (4l 4
Sobesps gosliiul 055 e jrad (G4 jgSmmy o
Al S g g oalgo Lo yuiig o g Al wl ganwlis
20l e G ey 5D Syt Sl e
s S5 e o il gla 0 3le Sl o)
30 (SaS @S She S ol ad oays alize
009 PV sl (gaigel 4 Sl 00l 0ol (60 (sAiges
az Sliaes oo pLtd ]y saalies (saised ;5 (S ol
Gages 5 eSS 0dal 68 (GaTges 0 S (5 Il do,s
425 by S 0l 2alS ool (g ol (anl (59
S o 05 1y 533590 23U SV Qi S e @

3 i 00l (60 dlged j0 (SuiS (audgal Codlad
(SIS gl b g 5l oslitl el (oanlo diged
Gl (g S (e S S e i3l 4 YL
3,1 53 d9rge (sanb (tisn & onelisd (etisn S
ES b pae 5150 A% oSy wad ralS cde 4
o Aol 53 g A BT 50 SezsS slaniy
2SS e Gl oe GRalS e g (6l
W\ JPPRVON [P EVC PYVIPIPY UCOW PP Cov A J5 (PSP 0w |
A b4 joSmg Gialil g alitd satalis jpa> cle @
Mee slacbs o y2 5l s pF ol s )0 g cnlie
g alo ol gawlis 5l lojen ooliiwl ail ez
Cde dn a8 0l o RalS g AlinS g (089
YL s j5Smg ol (ulgh e (VL (s 558
&% 9l Glacla 28, Vb Sl (Sl 5o age Jole
el diges jo S

Sl il slmos, 5 i leas 0,8 abisd
Ol 4°C 50 0uds (o)l 5 50 1) ol 5,15 (S
(11) oo oo

A odalin (B9 Sl SRy 2 oS Sl owyp 0
Aol oo Rl 035 eanele 51,0 (g CDle oS
Sl Al 5l il g (JoSe goslal ol e 4, a5
3 zrge 08 Aol IS j5b 4y 5 (005 At 5 (7)
3ol oozl an ot g Gl g o
90318 S |y (g LSl 45 35500 p)lox Sl
2o o Gial38l 1, Sl g rals | S Sl ) gakas
ly Jids i 5 (kb (sloog S slass (30,5 oaeliss (25)
b oeSsm 95 il g (all 1) (Joshe (59 2l
L e o s Bl e
Clad ly 3l el a5 (26) 0 S e 8 mla
ol el rosd 03 (Som jl0ghge (SIS g sl
szl y b9 95 LSl (8 e 5l ez ge
g Y e )0 .05 e SzgS slaaiy
9 39-be S5 gy lplad Skl )3 ead JuSas
S ez ge 9,5 Al 5 (27) 5l 658 (5 lnb
A0 09 oo (Seigp (Slbo iy JSD ks g b
9 00— ity Jedg o slaCe—d Wl
1331 (28) sl e 09t gy (SIS (gl
ooy S 18,5 18 4 Hgmdsal (5 Il o 0ol cnmlive
g 45 S o0 g e g n JoSle (59) S g
Sl a8 SLLL (orlan o s (S S iy a8
(29) ams e IR sendsel (55l 5 050 o8,

czge o955 edelisd S50 (e p il
(27) S5 55 ) 50 B S5 Sy Gl
0055 A g Lasgi B LSS ( Sy (0,50 kS
sike L dbml g Vb o 5o s plonil e 4 wilys o0
pled St oUles (RalS il )0 5 egn 5o ok
S ol LS ol lea ol e 45 SVl
S o8l s o slaaisy sdg e cle 4 Wlys oo
Sde 09t oo IS )Ml Bl iz ge oS wiL alls
Ly Gali8l oo S abienS g 10 GBS (gl Ghals
JS 925 slwog, S G andls dlml g (g p (St )L
b ege o5 Sl (rnlo (nuBgp 50 99290 g 0 AL
g IS (55l el g gy Sl b


http://nsft.sbmu.ac.ir/article-1-1344-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

hSer g ol ye W (03,Shes cla S g 2bowd 2!

110

§ 09— s S 50 cawlie (54 55N g ool caels alcial
Ol 4V e el cde 4y ] ST el ag gleo
WS (0 555l loa slacle 79,5 5l 45 aes o alS
5 0aelis gy g Abiwl gaiwlid (0558 (ol
i S5 SSupd sle S dste wrse AinS g

Sy o BYgs 3,1 5l oo

e References

1. Lapvetelainen A, Aro T. Protein composition and
functionality of high protein oat flour derived from
integrated starch ethanol process. Protein 1994; 71:
133-9.

2. Webster FH. Oats: chemistry and technology. USA:
American Association of Cereal Chemists, 1986.

3. Behnia M. Cold regions cereals. Tehran:Tehran
University, Press; 2003. [in Persian].

4.Tharanathan RN.  Starch-value addition by
modification. Crit Rev Food Sci Nutr 2005; 45:
371-84.

. Wurzburg OB, Szymanski CD. Modified starches
for the food industry. J Agric Food Chem 1970; 18:
997-1001.

ol

6. Ma CY. Functional properties of acylated oat
protein. J Food Sci 1984; 49: 1128-31.

7. Ma CY, Khanzada G. Functional properties of
deamidated oat protein isolate. J Food Sci 1987; 52:
1583-87.

8. Karaoglu MM, Kotancilar HG, Celik L. Effects of
utilization of modified starches on the cake quality.
Starch/Stark 2011; 53: 162-69.

9. Lim WJ, Liang YT, Seib PA, Rao CS. 1992.
Isolation of oat starch from oat flour. Cereal Chem
1992; 69: 233-36.

10. Kaur L, Singh J, Singh N. Effect of cross linking on
some properties of potato (Solanum tuberosum L.)
starches. J Sci Food Agric 2006; 86: 1945-54.

11.Singh Sodhi N, Singh N. Characteristics of
acetylated starches prepared using starches
separated from different rice starch. J Food Eng
2005; 70: 117-27.

12. Leach HW, McCowen LD, Schoch J. Structure of
the starch granule: swelling and solubility patterns
of various starches. Cereal Sci 1959; 36: 534-44.

13. Wang LZ, White PJ.. Functional properties of oat
starch and relationships among functional and

St cllB ol Jodome 8 oo 4 SV

slog)lon (2l w035 J 55 (Poe L slas o
St gt ;o 53,0 ) by 5l 6 p5iny 5 loos,
S g 5 59,5 0ol (69139, 0 LI 4 (S o8l
S S iS asile 0 Slae gla S ognte g0 0,5
b e n g dsnl (SaiS eedsel cled
Gaiwlis oyl Jlis a |, S caaS sgu a5 Sgudy oo

structural characteristics. Carbohyd 1994; 71: 452-
8.

14. Jyothi AN, Moorthy SN, Rajasekharan KN. Effect
of cross linking with epichlorohydrin on the
properties of cassava (Manihot esculenta Crantz)
starch. Starch/ Stark 2006; 58: 292-9.

15.Ma CY. Preparation, composition and functional
properties of oat protein isolates. Can Inst Food Sci
Technol 1983; 16: 201-5.

16. Mimouni B, Raymond J, Merle Desnoyers AM,
Azana JL, Ducastaing A. Combined acid
deamidation and enzymic  hydrolysis  for
improvement of functional properties of wheat
gluten. J Cereal Sci 1994; 21: 153-65.

17.Ma CY, Oomah BD, Holme J. Effect of
deamidation and  succynilation on  some
physicochemical and baking properties of gluten. J
Food Sci 1986; 51: 99-103.

18. Approved Methods of AACC. USA: American
Association of Cereal Chemists; 2003.

19. Pearce, K. N. and J. E. Kinsella. 1978. Emulsifying
properties of protein: evaluation of a turbidimetric
technique. J. Agric. Food Chem. 29: 716-722.

20. Kim JM, Whang JH, Suh HJ. Enhancement of
angiotensin | converting enzyme inhibitory activity
and improvement of the emulsifying and foaming
properties of corn gluten hydrolysate using ultra
filtration membranes. Eur Food Res Technol 2004;
218:133-38.

21. Lawal OS, Adebowale KO, Adebowale YA.
Functional properties of native and chemically
modified protein concentrate from bambarra
groundnut. Food Res Int 2007; 40: 1003-11.

22. Lin JY, Humbert ES, Sosulski FW. Certain
functional properties of sunflower seed proteins. J
Food Sci 1974; 39: 368-70.

23. Lakshminarayan SM, Rathinam V, Rau LK. Effect
of maltodexterin and emulsifiers on the viscosity of


http://nsft.sbmu.ac.ir/article-1-1344-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

111

1392 ol 2 o lasd it Jlo el i qulio 5 4355 pole e

cake batter and the quality of cakes. J Sci Food
Agric 2006; 86: 706-12.

24. Ragaee S, Abdel-Aal EM. Pasting properties of
starch and protein in selected cereals and quality of
their food products. Food Chem 2006; 95: 9-18.

25. Ponnampalam R, Delisle J, Gagne Y, Amiot J.
Functional and nutritional properties of acylated
rapeseed proteins. JAOCS 1990; 67: 531-35.

26. Chan WM, Ma CY. Acid modification of proteins
from soymilk residue (Okara). Food Res Int 1999;
32:119-27.

27. El Adawy TA. Functional properties and nutritional
quality of acylated and succinylated mung bean
protein isolate. Food Chem 2000; 70: 83-90.

28. Conde JM, Patino R. The effect of enzymatic
treatment of a sunflower protein isolate on the rate
of adsorption at the air water interface. J Food Eng
2007; 78: 1001-9.

29. Lawal OS. Functionality of native and succinylated
Lablab bean (Lablab  purpureus) protein
concentrate. Food Hydrocoll 2005; 19: 63-72.


http://nsft.sbmu.ac.ir/article-1-1344-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-11 ]

Iranian Journal of Nutrition Sciences & Food Technology 112
Vol. 8, No. 2, Summer 2013

Chemical modification of oat flour starch and protein and assessment of

the physical characterisrics of a cake prepared using them
Mirmoghtadaie L™, Kadivar M?

1- Corresponding author: Ph.D. in Food Science and Technology, National Nutrition and Food Technology Research Institute,
Faculty of Nutrition Sciences and Food Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran,
E-mail: Le_mirmoghtadaie@yahoo.com

2- Prof, Dept. of Food Science and Technology, Faculty of Agriculture, Isfahan University of Technology, Isfahan, Iran

Received 1 May, 2013 Accepted 14 Aug, 2013

Background and objectives: Due to their nutritionally favorable proprties, including high protein, fat and
B glucan contents and a desirable amino acid composition, oats have attracted much attention for human
consumption. In this research, starch and a protein-isolate were extracted from husked oats, modified and
added as ingredients in cake flour used for baking cake.

Materials and Methods: Starch and protein isolated from oats were chemically modified, the former by
cross-linking and acetylation and the latter by deamidation and succinylation. Oat flour formulations were
prepared using different levels of the modified starch and protein isoltes and the physical characteristics of
the cakes prepared from them determined.

Results: Cross-linking brought about a decrease in the swelling power of starch granules and an increase
in syneresis (p<0.001), but it had not significant effect on gelatinization temperature. Acetylation, on the
other hand, increased the granules swelling power (p<0.001), but it decreased gelatinization temperature
and syneresis (p<0.001). As regrds protein, both deamidation and succinylation increased the emulsifying
activity and nitrogen solubility index but reduced foaming capacity and emulsion stability (p<0.001). The
prepared cake of oat flour has lower batter viscosity (p<0.001) and higher volume (p<0.001) than prepared
cake of wheat flour. In the cake with Acetylated starch, increase in level of substitution led to increase in
batter viscosity (p<0.001) and cake volume (p<0.001). Increasing in level of deamidated protein produced
cake with lower batter viscosity (p<0.001) and higher volume (p<0.001), but increase in level of
succinylated protein increased batter viscosity and volume (p<0.001) of cake.

Conclusion: Simultaneous use of acetylated starch and deamidated protein resulted in a cake batter with a
higher viscosity and lightness as compared to control. Therfore, substitution of oat flour with acetylated
starch or acetylated starch and deamidated protein will result in improvements in the physical
characteristics of oat cake.
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