08-Yo Lo/ VTAA ylianoj 5 5wl TV 8 koud /YA s/ i qslivo owaigeo Colinbos

AERI

TP S92 9 el (A Slwogad p (509w pd ) o gl (28 LR I w y 3

**,_g.guw! w0 9 ‘sé.:.w 4ol

G3LES sy 5 Ligeel elinizs lajles ol yaisle Cglas ¢9iS g Slinizs duge sole Sl ( Llie mlio 65 )
Al elyiste o]
Sl rng ] e05,5LS 0SS eyl olKils ol mylio oliwl Y

AYIVVIY - iy 2, AVIVINY il s &

ouuS>

il Gl By pro g (e 4 03y (2] 4SSl (o i (Sl il (b g 2 (ot beowioSa 02 (ols
Sl 9y Oly—s dm Sl (23, L5u 059 ) ] 3 el oo TS Y g ey = 05Y ol
gVeEe/o (agb, o 93 )3 (§39 i ) Sl o (o) 1 (o)l looj s (93-S 0lS oS
Al gb B )3 Jo 86 Gl lojl ©jgmio amy aiBd Yo g Ve (0 (20)L5u (loo; i g 9o jd VY E4 /0
Jiaes SLaoliws Ly g Sid a0 )3 1Y /0 Camygby L5 S Saiiid Ly Ldvasigos o 1yl  Bolaas Yols’
el a2 LS Bgei Ly Jols i gy (S Ologuad i i i g5 d o AL ]
Ol yds L Bilbao 4 aol 3929 4y b (23,150 (63950 5y (o2 liownd sy 528 Oloogad 13 (oigllae O s
5 395y ABLS (Pe/+0) aidy S 1 asle Slg—o LS Jolid Sl sl (il 33 (—auib Lo Lo
S g lodly (a8l g 4y g LS gt (e (31 (P04 0) Gl i joSumg 9 ST
Sl Flaia i LT glod Lol (<4 /¢ 0) Lyiin 381 yand a5 (glood dows yud Dy (P<#/+0) Il
Oloj e Gll331 Ly ity g5y LB 5y (P<0/+0) (o w55 (23 )Lou ayl b (a8 LIyl jlai
Sold sl (23,50 gloj S atdd iy A o5 0By (T Gy 9 CEL RS (25 DI (3L

il (ogllae gl gladgl g 22 b (939 o)

SoiS slaojlg

T Bl (il (@ ey ¢ leoani s 8 Olpoguad Sy Olwoguas.

PR ekS Frooga o (clplo, b, adl w8y as
P B St o, Sles (2l 29-b o 2
L5 s ke ol sel LiSa o o5 B/ ei8 S
Sl iy Jo—ae ;o pLB)l10 5 S (oo
& — o953, —as (Gholizadeh et al., 2015)
Sl (b s Sy Bleogas 45 s

i ol a8 oy o 4 g anb e i

EVRY-N
elaiz 5 oliatdl Epanl ol 4o g CaS
S )3 rge A (egd paS jlam g o)l g0l
59 Ao g CiS o gblie L iSToculpo e olae
T s ol pelal DT 5 olaile Ll
99wy Jle)d o5 Oakee VA 4 )5 0S50 wi
g s 355 Sl yd 55 g VIO 58 5L

http://doi. 10.22092/fooder.2019.122744.1168
1- Aging

Email:m.esmaiili@urmia.ac.ir i gimne 005,55 *

() _©

© 2019, The Author(s). Published by Agricultural Engineering Research Institute. Thisis an open-access article dis-
T tributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/).



mailto:m.esmaiili@urmia.ac.ir
Shabnam Jabbari
Stamp


08-Yo Lo/ VYAA lianoj g 5wl TV 8)koud /YA i/ i @slivo owibigo ©linioss

Slod o (50, S Sid Jol e 00 o 0 e Sy
5o JL-w o QJM )‘ ool d_)lJ‘rA aolol
(Wiset et al., o5-i o oo o g ol
——).2005; 2008)
Voore gy 89S oy (slo,piS o Lo, SSis
aly8 gl o e c o8, F g oS
95— Gl ys 85 ) i b e il
R ;6oﬁ)5
slaaulp sl 7 lse L Jles 5000, 5ees
OO e i g ) g by
T Sy g b leS St sl Snla Sl

alyd old o aul o, 5 Sis g ooy

Soponronnarit et al.,

Sl iy Sy s g awlis JolS ol sy
(Marshal et al., 1993)
o0 Cbls posls Sl il s Ly e anl g o
e Sl ot sy b Sas Sl 8 )
ool ol (gailyd aS sl o JI 3 20 )by Cow
95kt i (ol 55058 ely S et )0 S5 s
23 L= (Fellers & Deissinger, 1983) , 5
g gu—adis a0 VYF LWV Gleo L JLid co
Sodd gl ad 3o VF LY oo0,l5u ooy o
g 98,5 LSan oo, YP L VY gl b, lyls
(@3 5u sl Gl 8l L aS o), 4z ool 4
2 o=l Rl 69,5 5 alS @ (S
Oy Do aiids & Polas Ll (s 2 9550 o,
sall dsged 5l YL pllw @ plea]y (20,5
aBl gy s 9l e 05,5 Wl § uss jglecwon
& Oleasly Galidl comw a8 cul il Sl

e pdlw

Sl y9—iS 53 g m O aS B man ;35T iy 3550
b .ol o, 2l g (Zhou et al, 2002) oLl
C BT ol o sl Ay e (Sl Ll
T iz dml 5 (57 955 5 355 e Guls o)
b g ,S SlaS 5 A (gelannST 51 o
s sbaml e B yo SLoS 5 (l adaalss
Ol o (oo STy (e g i b o Glo )Ll
T Sy Slogad Sgge o plowl o Sl
(Juliano, 1985; Teo et al., 2000; o _olxil —
LY Jghooe Sla,lsl assl,é Sodhi et al., 2003)
(Soponronnarit et al., 2008; oS - Job ols
o Lad aejls e ol Jaisut et al., 2009)
ol Ol 6l Ao ralidl g g 05,1
po—2x 3,5 Sl - Son Jo—ae 0,99 (il o
S &y 2 gyl 50 8 Bt 5 ol i
gl (gmyyr ALy oy SO,
P95 99 4 Wlgi e 4l s Sloe bl ol B
(Rosniyana et al., og—i |, >"Sas g 0y b e
40 S by, 2004; Rayaguru et al., 2011)
B L S5ls ool &l L aliislejl bl

YUY Goodn ywgadwaz,o Ve glas o aibuw

S o el Cibge b as Jaowe j0 celu

Lfb.al_fuaf)_aﬁwldT&”Q_ﬂwbl_ﬁjl

>

4o oolw 0529 L g )0l 5l 0t oo ] 5o (Sl
25 d—ee o ol 2l LS by, oy L5
ol gl

g

m(; . e (S -2 L)‘Jl
.(Bhattacharya, 2013)

Syl s Lo
5 ool ol iy 4l , o il ;S0 i,

Lo S Sis Q_l‘ )'| S |fJL:_....‘ Yo (S S
LT YL slas L Sls 03,5 S ol

1- Accelerated aging

3-Dry
5- Parboil

-

2- Wet

4- Fluidized bed dryer
6- Steam curing



welpoguad 2 (§39ynd v8) S il (23,150 P (o)

Sl e by Lo gl Ao 0l
Soe dn Sgl s e pgd dad g (Wm0 Yoo /0)
Cgby U asd (55l ol tolojl laoma 5o 59, S
e glad) awp oo, VWY ED as i Jl
>0 Y0 Sl L Ve Bl gl e il y Jad
e dmopd A LA (o Saghy Ly (ogeads
5 (o3 V) Yy Cmgh) Sl diges 99 ;0 (9
Voo 29,50 e cod (4o VWY) by Cgh
B aa8oYr ) D Sawdy o >0
P Voo sl SHL lanY (20,50 (gl aiabosls
S aB)S 155 651 St Bmio (55, Sl
L oo (20,50 slacSal b i so il iy ol
o jme) By elilesl cl e S Ss
Ao Sl ol Ce s g Lo pudaid i
L e mgaandas 4250 ¥+ slos Lo (sl )l ! e
St e hos sl ameyo V) 41D Cgllae csb,
(Grain  zuwcghb, Lo Lad gl cmghb, aiad
& =3 o3lal moisture meter, GMK- 303, Korea)
S gy ol Ly ous St clacS gl i o

(Satake, S

S e

il S N S
S oS s g 4 Japan)

Soy Ve cmgb ) Loy a ol Sl 5l (g )lade
Foolos jo S Sas Loals )Les i g5 sl

UHBMJ-«O)Q\\ u.:}la)Lau»MQ)o

5 Sl U 5 i ke i 4 o
T b daslie ()] Ly om0 )Lsu 3y, L snilw,
YU e g0 o 5l sasleewsa Wl sud
S sk el 4l G Job 032 s sl
25 8 s slegssl s g i laa (JlS
am a2y by sled LS5 e gl Seds ke

(Gujral & Kumar, 2003) ,L+s5 5 Jl,>55
AY Glocagb, an )z alisee o 8; A Sl
Voo Lo Ll laasaed g aisilw, 3o, YY 5 VA
L g asio,S Lo atdo ¥ oo dn ugad a2 0
LT gl g me Lyl o Sl s 0, S
Aol ol d Gldise ol il ooy VY as |,
ol a1 e csy Slsgas 45 waaw,
Edm 9 99,V St plej Do b oo
Ol 5 Otalidl als i bk 5 T iz )]
Ol 90l o ol S a8, C sl asl slgs
)y il ol Ly 0y (g Fojla] s
Sl (b o palS Sz 5 (Rl
0a3 Jgla—ie Sloylsl jo a =l Ly el gl e
S5l a gl Egb, Gy 8L S s
e e s SenlaJlw () (il anl oo G158
g oyl L sl oo JLiiwl o] 5 5 99,
(Bhattacharya, ool s yss (050> U i 0lb
2013)

Ple> 350 Ol (2 iRgim (] 5 Baa
Lo 09— o3, @ @ler—d9K 58 5 (&5
Lol Sgills SaeolisS 20,5y 5l eolaiul

gy g3l

ool (689, 08, Sl 5| (Gl (] 5o
) g 5 0Bl oo 00 ol pL3 )1 5l as as
b o8y ol eV plhasle gl o (T ess
0o, VY ol jedal olime 53500 e 5 s la g
e
2R 9,

- ‘B' 5\} 4_’ U)}A ).‘ ° EY ‘O)-g J -

1- Instron

1)



08-Yo Lo/ VYAA lianoj g 5wl TV 8)koud /YA i/ i @slivo owibigo ©linioss

ey byl
as La,eSl 1 (Singh et al., 2005) .l s 4
RUPTIRVEIIVF APPSR o\ SRS PRE I SN SR R VY IO

"-’> ol TN 5 )l

Voo oo, w ol o il .
0l dwle b 4 Cog gl
O Jogb S

ple aslo Ve Job an aBy aslo Ve Job s
<l cix

pls ailo Ve g ana By adls Ve 59 Cod
&by Cawd )l sl dlgo

oS isddyl Sas e iy @i O
g J=3 )l e gl cadosls 3 LS o
o lyass) cows jlasls dlgo lie (i Sis
a3 oo (LiS S yd Sy g )5 O
T ol &g s sla S

S )1 (K355 mg) (o S e sl S
(RVA4 fM)}i_sz & y— );Jl_’] oK o l_’
sor—is oyl g, wlowl .y Newport, Australia)
oo (AACC, 1995) i (s ,Sojlasl LS jal dle
30 yhie Ol e, SYO Lo g, ol o, 5T ()5 lae
A0 00 0 Byl 880 ;0 uga—d 4> 0\Y
>0 0 gd 280 S S wd ug—alo
Ao leo ool o By g ugamdiw a0 0 sl U
bl slra_azin o83 |, 84 235 V/f Lo s

D9 0,8 Voo Sanaw oS oo b
ol s g2 (ool

a5l e Job) el debs i (59 S
Sl Syl i 4 (ol @ Jpb oz
.(Soponronnarit et al., 2008)
Pl & » (o

g_;j)_a)_t))bjul_‘z.u‘ .A..J:_..u C.a)_t ailoye
(Lutron FG 5020, Taiwan) gu—w Soew olKiws
69y Sl o)y ST (g9, b ools I8
P kS i i A S lel i o
(Lu & Siebenmorgen, 1995) w5 5 b 5,5
Tr s,

s_i_ij Ko l_: J._nls @)_: ng_b &9y) ua.‘>-'_w
oduzi—w (Chroma meter CR_400, Japan) gi—w
%
P L LRV
Oloe d Bol e 00 (69,1 5 Ble K5 4 Lyl
039 4= 25 A (g el ol e (o8 &l
(ISIRI, 2002) o asloee (25 &lo ao o (S
Ty e

i jloays (iael Ol Ve Iy Laaigas
Sl (Glhaasle csiglas) jo—iS g o Sl iz
@33l o9 5l oo (ol Gl 0 S
(Sirisoontarak & o eolawl glatadi & Sigun
O L) 5l Lledsged g9— g ,ac NoOMhorm, 2007)
gy L Laaigad (IS iy 5 (30,05 osllaals
Gordm Sy asse s o sl 1 S g sae

Wl byl diges

1- Head rice yield
3- Pasting properties

1y

2- b value
4- Rapid Visco Analyzer



welpoguad 2 (§39ynd v8) S il (23,150 P (o)

5= o a5l o Ay LT g o
e RS AU e Had 4V LL U gy s
(Wiset et al., 2005; ool cewsasp, 5, Js5
Jaisut et al., 2009)
Sobel 36T

yl_s u_’j.'o) CJa_.u 90 )0 059 ,— u_:‘ ) LQ)LQ.».'
Odo dew g (.A_»o)») \V) L)'“L—’ u_:}’o) 9 (J_.a)o Ye)
Ll o Soga 885V 5 ) B a0l L
30 JyeSB Lialayl b ragin ol 5l sacel o
idle s 5l esliul Uy g sdolas SLs dnl #,b JB
oolai ! L Lo, Slpe duslin g 0 b, SPSS19
O ygo a3 O Llo e e j0 (- SSls (ygo3l
Olb) 5 adsl csbo, 31 il lg Ao o 88
oimled adlie ol o ailBlas &jgo 4y 2oLy
d._m.’LM 9 ‘rlf L)“"l_’)‘9 a_:)?u 88 .0_is colo
WS b bl 5 (S 5 (slom e eSile
Sl el Al ab ools iolad Solas
Sy il a6 e sLnspail b (s
ga s )l ST a w0 led Sses I S o p 083
s Jlso Ll 0,50 50 (glagyges]

e g @b
oy 9 (2 boasS b Ologuas

Ol—ej oo il Lo W i ,— ool
SILST a8l (<12 0) o o—me Lol o, Su
5 ) Joaez j0 oui g ,—Sojlal Glao Luils g
Sl s—rn Siulidl 0l i B (20,5
Ml 78 leasly ol an ;oxie a8l (P<+/+0)
UMJ‘)J‘ )_$‘ 3o FUEIA W C.:)_: ‘)_i;.o Ul—"’ ao Cwlodds
Sl ol SIS Cewladl alS adls Soew

(A 595 g Gl £ =3 )0 Lod) (0 (6 yme>
A0 (slod g9, 50 di 558 ng) | Sl &5 565
4595 g) T Bl A58y ((oge—ds 420
&5y (el 4z ;0 A0 sl Ll o
Ay 00 0 plol Al o a5 g T ol
TS & 595y (€58 dmatiin 90 5 ((wga—mdes
5 (Jla—s g Sl 29 J—0l 5D
5 el A jsSy Jolis l) fe a5 &5 565

el Cews s 5lg 8l o ol 51 (GESTos

> &35

b Sluogas
(TA. XT Plus Stable ziwcsl oo Ly
L a6 adls S Micro Systems Ltd, UK)
VO ;s U glailgl ado Ly adgl gl | oo )0 4
54l ytes e ) pailtem S g e s
4l el 10 gl g gl Sy b
Lyl & i3 Al ol Ly Iy e & Lo o g0 4o
953 O 3 oy aB 00,28 0 S5 LSO oy
S Sher 5 S i Thgy e (e
B R P = RUUSTUCS JUSH RS RER S
IS5V Sl O (ol Aomei g i
(Gujral & Kumar, 2003; Yu et al, o Lo
2009)
(3181 (ko ) (5531 3T
iiges pog—ase B, b 00T e, S Laa
(DSC1, Mettler * 31238 i wle 5 ol
ol ,2J,Se Vo g a5y, Toledo, Switzerland)

')

Gy Sl o SO Sae g a5 aslal gl
A ges A 0310 oy dges dn o)1 o Ol CB g,
L vgemds azyo Ve e LY. Sl > d by coss
S aids o egdi a0 Ve (Sl S
o3, Gl d ages JL B, b la_Sesls
Slodaarin g 0l v, bgo e oo ol colail

S ly g (Marshal et al, 1993) o), >  a=u5Y5 oles slos s 2Shas sl g, sloo
1- Peak viscosity 2- Through viscosity
3- Final viscosity 4- Breakdown viscosity
5- Setback viscosity 1y 6- Texture Profile Analyzer

7- Hardness
9- Differential Scanning Calorimetry

8- Adhesiveness



08-Yo Lo/ VYAA lianoj g 5wl TV 8)koud /YA i/ i @slivo owibigo ©linioss

P<-/+0) o smime Dglti Lo Lo (pumy (25 00
gl i Los 0 a8 000 (i iS00
aiBo Ve Do d (2ol 5y e o ol op it
2 03— =25 Ol (¥ J592) 998 (eouys

S ) S lte g Sglite gy dalizee L5 1 Al

2ol (5895 108, ;0 (S do)d) Aol o Hleda
b g0 20, L5u a8 Ll (09— any0 V-
ol 00l (575 o> ).».m.».’
00 gy s 3 S b syl LSl
Sl gy alim i Sloylil sl (2,5 e
5 TN 2013)

\ o A

Js (Bhattacharya,

o] e Sgga il sl as )l ol

Q - PR 5 (57[” \ A4 ‘y) QT -

&G
(uliano, cwloais Ly asls Gas o =5 bli
1985)

(Gujral & Kumar, 2003) p uwgail ;o puiig,—
(Fellers & , o )l dize 0g—d o 00ld s
3 Deissinger, 1983; Gujral & Kumar, 2003)
63,5 sl S o Ll (a0 )Lsu Ly (e a8l an
Slad o blo (PS4 0) o e gl T 35 i
@5 sl jled 9 69,5 A Ld (S el
Lo o (V Jguz) sl 1) (69,5 (ol (n i
ol i (695 e 23,5 ol Do Sl
S 5 (835 AL g I3k s 51l
S Olie 4z p0 OIS (o Jos pb S 7
Wbl a8 Gl s0y5 Lo o bl 1t i,
Sy et Cle sgiaalsd St i g i
S 5 any aS el 9 ,0b L o (gloggd sla ST
Loy (o8l Sl o a8 g als (g
6,5 Uwly—3l (Lamberts et al., 2006) 54— o
Cogb, Sl b gl ()l Hless Gl L S,
bz slales ;o Jlw s (S Sis L &S YL
(Wiset et al., 2005) o 5,135 el oo Si

(83970 o3 Tt (G330l Sl 2,0 (bl 1 alllao 3,50 Sliao IS (il fy 355 ) g

F o903l @olo o

oo
AfevY”

ok

ofees
ofes ™
NV

XY

e
fess™
ofes ™
fess™
ofes ™
e\

oJ-$Y

ok

ofese

ok

fees

ofeee
/- F9"

(30,9) il i olendl,
(pSohS) pl g (Hew
(b value) ss,; asls
(do,9) (5 &ls
O Jasb S
ol Gl e
(o) a2 yanss ] ol Sl
(losle) oz 3o 23365 s
oSl &39S g
Sy & 555
O e sled
(p 5 5kS) ay @iy (5
(b 5 p S9kS) (S
(Cogemdos 4z 3) a¥5 9,80 slod
Y3 Sy sled
Y5 2l sbed
(05 2 Js)) !

ol o)V Jloti | mlans j0 o g BWSPF g 0o 0 0 Jloti| mhas )0 o e SMSF

¢



welpoguad 2 (§39ynd v8) S il (23,150 P (o)

Dl (23,1 (639 pend oy 939 (S jlond Cyay B (6 52311 o (uSiluo Al Y Jgua

SI20 S110 Sl5 Sh20 sh10 Shs Sc* lows
FOISV FY /vy Ak FYIPVE gybe Fybed g isve (20,8) pllo @ yloatl
VF/OF VE/YYR VE/F-2 VE/FYe VEYR VE/YR \Y)Y-P (pS5S) pls iy 5o
35 L
\V/OF VaP VE/ e Wiis 10/ 5P VY88t VAYYe é(b)) T’)
value
YAAS? Yavy® TY/vE® yamy? YENY? YY/AYe IRANS (2,0) (54l
Y/VYR YIAAR Y6 Y/VYR \A% Y/VYe S ol iy shae
) Jsd Js %) %) Js K ey
1/09° V06 V/EN2 V08 11692 V0N V/O¥? oo Jigb S
2% \2% \\ia Y/F0? 2% A g ol Gds s
orfs SIS SIA° oY BN i Nita (0o y3) &ty Cesd 3l sl Sl
YASOC YYYa® TYFAR Yyvyd YAYS® ARy \fal # : “’fwﬁ
Gla st
yrod Yy.© yvab YYfC yyod YF\© YA : “)5%
Glpslo)
- 5’ L .
VEYYE VWEYD VYF.cd 11459 VYAAR V1aa¢ avat T "’fj
Glpslo)
BR VY-SV PR
Ab/AP INTAS Avd NS NI AY/AS AVIYE TS
(u«:}:-wlw 4?)~>)
VYt V/-a0° -[A04% ANZS N\ Ak SAias (PS5 5lS) atsy g p (e
—efeeed IRV L —efeex? —efee)2 —efee¥R YR & e egR (a8l 1 o, 55LS) g5 (S
s Y 5 sl
YY/AAD YE/TAC N5 VATV YEIAD® A V24" R A= g
(w}*‘*‘l‘“ 4,’)3)
SabasYy wSlas gles
AVIOED A-I¥AC % AY/- ¥ A-V$° Al ya/sye xSl s
(w}*‘*‘l‘“ 4,’)3)
Sauhas Y 5 sles
ABIYYP INTAN INTARR AFIY SR INTANS AFIYA® AYIAYT oxbeYs 2l
(uustﬂ-l*d “-?)0)
#1342 £l A 2830 it FI¥A® it £IEV® (5 » s

sy sla,les S15,10,20 o a0l su 4 aBo OV -V 35 a5 (0o, Vo) Yo cngb sla,leys Sh5,10,20 wal s (595, o8, SC*

2 oo, b Jlasl mhw o v p o 0 Gglaie By > s slo Sl aisiiw 0ol (20 5u a8 Bo BN Ve 55 a9 (o0 VYY) ol

=, S5 (A Shpdn a8y Cagb haw g
Ol a0 e bg e adils mhaw jo 25 e g
Girdmy i (o35 S0 g i 69)) 00
i i 5 G s S el (6 e

Jgamz) (p>+/+0) el ogls Lo jloss (e o]

o=l A 0 o lis g )b slwoigm bl ()
NI U USSPV R SR TP BEJRWEH O
(ol dsges L ol cdu )l Saw yo adl) os)ls
il 8l ¢ sl Sl Ll o (Juliano,  1985)

(Juliano,  cwl ool 5,155 ol Jogb caus

10

Al (P <10 0) (5 lo g S

Pl @y e
395 45) (699 ,b o3 e 1 6815 ol
Ot Bl (g o L lawgte e gl lo
L 2ol sl jles 5 Ghpdm ileles (S
Y Jsoz o ol el g aslie 5,50 val s Lo
YOYL cosb; slas gl i asges b os gy
S ypme N 20,5 A kB B By b i (awye
VW) el Cogb, slacS gl o dges Lol tasogs Joud
aiBo Ve g0 (20,5 e Soe 90 - 40 (o)

2 50 (20, 5u A 8o Ve gladises aiod adpndy



08-Yo Lo/ VYAA lianoj g 5wl TV 8)koud /YA i/ i @slivo owibigo ©linioss

O

wal i L e a e o2, slo s
Gl S S 0555y g S 555
oo g & iS5 p A 58S g 9 (< /4 0) o —ne
Ayl (P /2 0) o o iuli 3l ol (6 e
L, s pSlas & ey Suals Col () Jguz)
Pty (8,15 e S g YL Syl 4yl
e S iy 0 Yy s sl
A5 Jds Sl Sy el St
Gl S Ol G S e 5 gl o b
S 2in Ll s a5 Jds e 4 lasil
by l>a ol Cds s B, Alas m1Sla s & a8
O e A o Alis Gl A 5eSin g Canl
L slady comols &lis ciS &35y 5 JoilS
(Soponronnarit et al., 2006) ¢l jgwol 59,5,
loaul S Ta s A e g oy —rab Sl )Ll o
ool (6 lagS 5 Vb sy Sas ;o 5 il
Yo sloy Gae oA jeSny el ool
sasilo, Ll awlis Jgil,5 aS ol ol Slis Sle, Ll
ol 953 5l (So S0l il jo (g i Coglin
J=B s o S [(Zhou et al., 2003) s 2o
Lj8mg GBS i jiS g (nie y0 Ay
8Lz a8 coul GBS Shaylil gl G ,s ceSs
Jo=l5 oot Spslie 5 g m lial it (580 ol
(Sowbhagya & Bhattacharya, 2001; Zhou et

b Yy ane 5 o i858y al, 2003)
oo o b, sa S ol oo il gls,ll
9SS S g ol Gl gl L sl 59 5,

Sl @ 0,1 09— el a3 o ga IS
(Mariotti et al., <l 5915 ;a0 slaos g, 3
ol S Sa Bha, s Sl ;0 .2009)
3l ¢ yaSTa

FC U > & 595 29

29 ol

11

3,90 g8 — =3, & ,2.1985; Sodhi et al., 2003)
45 ok Sla)lil )0 5 g Aige ;0 (o) 2
- T R e N Yl
3y S o bid Sl bl gl (b asils o
o (Latifi, 2013) culoasosls Lot (5,528
(Quliano, ol Cis ol jo il 8l el o
iz ol 0 uels 1985; Zhou et al., 2002)
(Sowbhagva & Bhattacharya, 2001; Sodhi oI
et al, 2003;
(Latifi, 7 iz olime 8l ,ii o (2007
el 0o S b Sl ,lsl L 2013)
ik lagi s (S Sloogas 3 GALS S92y
(Teo et al., 2000; Zhou et al., cwl oos ol
4o o,les s ,0.2003; Zhou et al, 2007)

Sirisoontarak & Noomhorm,

Sl e Dgldy a8 ol aol> slgw e
Sle—o 3o o YL sl o sas (P<+/+ 0)
20l Gomly g aels jlad jo 4z sl il
Lcwlagdo Ve oy as o 20,50 Loy
3l ole—s Ol 23l ) Bae al 8
=it (¥ Jgoez) Cloa s joeS 4 s s
Sy Srals ( Slo)lil (b sy Cuogas 0 i
ol s QT Cedea S o wla8 e ol
b iy 5 i Jy 1S (5 iy Lo
(Juliano, 1985; - c—wloa—i oy Slo,ldl

Sowbhagya & Bhattacharya, 2001; Gujral &
Kumar, 2003; Sodhi et al., 2003; Zhou et al.,

ool olys el wai8lay s Slo Ll s 2007)
Hs 5l s ()l amld dds 4 adycens
S St 5 ol
il e 50 ol 23 ) s aS ol (7 =]
(Soponronnarit et al., 2008; Jaisut 543 o s

etal., 2009)

) 8,0 o

@ 3yl b g ed S S
Gl lowd A 56 g e ) S (o
59 Caloa b ools lis val s jLos g 20 Lo



welpoguad 2 (§39ynd v8) S il (23,150 P (o)

Sl Boldao ool 20,50 slaley )0 4598y
SYsb

Soponronnarit et al., 2008; Jaisut et al., =5,
(Wiset et al., oS &5y il S 52009)
% o Ll 2005)

slod_asie Ol s ol on

0
]
¢

Viscosity P w

sh5
sh10

sh20

Time mins

&390 2 (RVA) 4 5989 g2 po jIU1 oo - JSG
(ShZO:dlaﬁﬁa ‘;J ¢Sh10:}¢~.’ ¢Sh5:‘_§:.9.’ u.!i &SIZO:W cSIlO:‘s‘b)j.’ cSIS:}o)ﬁ ‘SC:uS.Mm ‘S’.’))

(Gujral & Kumar, cowloa s o)Ll awlis o
.2003)
Sl 6T
Wald jlad an Camd il 20,5 slales
AV glos aw o )0 (<474 0) Hlo mme i3l
Sz ;s JLST Ll alesls s 1) o
> 90 50 @ oy S ()l HUT mls
Gl jo yas SLis g gole gy 4 ad Sis
T alin CohS L 25 ol Casdy 1, YU
O—bdiYy sles aS aas e lid (easle Ll
(Wiset et al., cowlasil juals JLsly ilydl
los ol sl e le 2005; Jaisut et al., 2009)

v

cdl Sluogas
ot ) e 4 g e

Ol 38l L g ools s (<212 B) (g lo s—iro Lol 38l
Ol 5® it il (2o L5 ol D
T S vz () Jgoz) Cload svalin Jaw
3,l0 )l emme Dgldd s jlond 50 (699 s o8,
(S My 2L QB—"}T el (689 o8, 1
Mo —re 7 Lo yles (nle 9,0 5l oo (L
(Sirisoontarak & b Sl Ll o Soui >
Uwlisl a9 Noomhorm, 2007; Yu et al., 2009)
Sl s (Sane el S g 4y @ (S
a3 s 4 adlim s Slolil sl (20 )0



08-Yo Lo/ VYAA lianoj g 5wl TV 8)koud /YA i/ i @slivo owibigo ©linioss

a0V o F oo g o3, Sl
Lol 4l (g s (LT 48 0is )5 o)Ll ugrdes
Glos )0 00l (5,lu g5 dges o yada Yy sles
b c a8l ol 8l el a > oYY
JUNCS TS 1 B B ORI I U R W

Syl Slatran

& 5 Ao
St e §39 S o8, St a0
ol slp—e palS alox jl (iS5 Ologas
LS ST iy el S e s
5 P i (S i3l S A 5eS
S pllow deb g plealy Gl Slasy
Ly 185 i Sl i e 3 5 ks 58]
T 0o Ol (205 Ol Do (18, YL
90l )l b ralS (o8 bLE el s o
480 B (609 B B, (il 3 @ e sl
a0y 2B sladsl cosb, ;o L oSenl s a0y

S is g awlis o A Ba5Ys
OO S St j0 a8 a il o jebeal - 2 eSbeS
S5 J5 JeSi5 eably o 09t oo sl YL sles
slos Sl i3l czge uod g 08 oo s | O
aS Lowl 5l ogi e aialas Josil 5 (posaiss
ol S Jals Csd gl p3Y (g5, Ll

LY, o

b prels ol 31 s e lis jl as ad
Ol ¥ Jgo> 4 a >4 Ls (Zhou et al., 2010)
wald a4 Caad Y cghb, slales jo L]
bl asasg b Lalosls ol |, sl als
T e S 55 ol gl sl o
Ol 5 953 .Cwloslas loid jls e ol s
sles § It 8L 5,35 4 (Teo et al., 2000)

aS Jlo jo asles 1 5 o)Ll Gugades 4z 0 YO sleo
sl ol il L s e 5V slales
Ol g 95 .l azdly ol al aba sV gles
o 3ls ol mlos a3 (Zhou et al., 2003)

3 Sloylslols aw bz, o8, S abaisys

@‘é,.@

ww‘.ﬁ)_;o rg..’l_>'5)5_mo5 @)_> uLO.».O.?u 3._.“.4&4 )‘ ‘d_~o.>u GILA wl.e.? LS‘)—’ 4_».99)‘ oKisls )‘

Dgdise (5l b lodiges ()l 3IUT o (6, 5en sl

Fo sy

AACC. 1995. Determination of the pasting properties of rice with the rapid visco analyzer.
AACC method. 61-02.01. American Association of Cereal Chemists.
Bhattacharya, K. R. 2013. Process for accelerated aging of rice. Cereal Foods World. 58(1): 19-

22.

Fellers, D. A., and Deissinger, A. E. 1983. Preliminary study on the effect of steam treatment of
paddy on milling properties and rice stickiness. Cereal Science. 1(2): 147-157.

Gholizadeh, H.,

Ebadzadeh, H., Hatami, F. and Hosseinpour,

R. 2015. Annual Field Crop

Report of Agriculture Ministry of Iran. (in Persian)
Gujral, H. S. and Kumar, R. 2003. Effect of accelerated aging on the physicochemical and
textural properties of brown and milled rice. Food Engineering. 59, 117-121.

ISIRI. 2002. Rice specification and test method.

Industrial Research of Iran.

ISIRI No. 127. Institute of Standard and



o gty (639 i 08 S il (23 ) Sl a1

Jaisut, D., Prachayawarakorn, S., Varanyanond, W., Tungtrakul, P. and Soponronnarit, S. 2009.
Accelerated aging of jasmine brown rice by high temperature fluidization technique. Food
Researach International. 42(5-6): 674-681.

Juliano, B. O. 1985. Rice Chemistry and Technology. American Association of Cereal
Chemists. St. Paul, Minnesota, USA, 773p.

Lamberts, L., Brijs, K., Mohamed, R., Verhelst, N. and Delcour, J. A. 2006. Impact of
browning reactions and bran pigments on color of parboiled rice. Agricultural and Food
Chemistry. 54(26): 9924-9929.

Latifi, a. 2013. Physicochemical properties of Iranian rice during storage. Journal of
Agricultural Engineering Research. 14(2): 43-56. (in Persian)

Lu, R. and Siebenmorgen, T. J. 1995. Correlation of head rice yield to selected physical and
mechanical properties of rice kernels. Transactions of the ASAE. 38(3): 889-894.

Mariotti, M., Sielli, N., Catenacci, F., Pagani, M. A. and Lucisano, M. 2009. Retrogradation
behaviour of milled and brown rice paste during aging. Cereal Science. 49(2): 171-177.

Marshal, W. E., Wadsworth, J. A., Verma, L. R. and Velupillai, L. 1993. Determining the
degree of gelatinization in parboiled rice. Cereal Chemistry. 70(2): 226-230.

Rayaguru, K., Pandey, J. P. and Routray, W. 2011. Optimization of process variables for
accelerated aging of Basmati rice. Food Quality. 34(1): 56-63.

Rosniyana, A., Hashifah, M. A. and Shariffahnorin, S. A. 2004. Effect of heat treatment
(accelerated ageing) on the physicochemical and cooking properties of rice at different
moisture contents. Tropical Agriculture and Food Science. 32(2): 155-162.

Singh, N., Kaur, L., Sohdi, N. S. and Sekhon, K. S. 2005. Physicochemical, cooking and
textural properties of milled rice from different Indian rice cultivar. Food Chemistry. 89,
253-259.

Sirisoontarak, P. and Noomhorm, A. 2007. Change in physicochemical and sensory properties
of irradiated rice during storage. Stored Product Research. 43: 282- 289.

Sodhi, N.S., singh, N., Avora, M. and Sing, J. 2003. Change in physicochemical, thermal,
cooking and textural properties of rice during aging. Food Processing and Preservation.
27: 387-400.

Soponronnarit, S., Chiawwet, M., Prachayawarakorn, S., Tungtrakul, P. and Taechapairoj, C.
2008. Comparative study of physicochemical properties of accelerated and naturally aged
rice. Food Engineering. 85, 268- 276.

Soponronnarit, S., Nathakaranakule, A., Jirajindalert, A. and Taechapairoj, C. 2006. Parboiling
brown rice using super-heated steam fluidization technique. Food Engineering. 75, 423-
432.

Sowbhagya, C. M. and Bhattacharya, K. R. 2001. Changes in pasting behaviour of rice during
ageing. Cereal Science. 34(2): 115-124.

Teo, C. H., Abd. Karim, A., Cheah, P. B., Norziah, M. H. and Seow, C. C. 2000. On the role of
protein and starch in the aging of non -waxy rice flour. Food Chemistry. 69, 229- 238.

Wiset, L., Srzednicki, G., Wootton, M., Driscoll, R.H. and Blakeney, A. B. 2005. Effect of high
temperature drying on physicochemical properties of various cultivars of rice. Drying
Technology. 23(9-11): 2227-2237.

Yu, S. F.,, Ma, Y. and Sun, D. W. 2009. Impact of amylose content on starch retrogradation and
texture of cooked milled rice during storage. Cereal Science. 50(2): 139-144.

Zhou, X., Baik, B. K., Wang, R. and Lim, S. T. 2010. Retrogradation of waxy and normal corn
starch gels by temperature cycling. Cereal Science. 51(1): 57-65.

Zhou, Z., Robards, K., Helliwell, S. and Blanchard, C. 2003. Effect of rice storage on pasting
properties of rice flour. Food Research International. 36(6): 625- 634.

Zhou, Z., Robards, K., Helliwell, S. and Blanchard, C. 2007. Effect of storage temperature on
cooking behavior of rice. Food Chemistry. 105(2): 491-497.

Zhou, Z., Robards, K., Helliwell, S., Blanchard, C. 2002. Ageing of stored rice: Changes in
chemical and physical attributes. Cereal Science. 35(1): 65-78.

14



Food Engineering Research/Vol.18/No.67/Autumn & Winter 2019/P: 59-70

AERI

Effect of Steam Curing of Shiroudi Paddy on Quality, Texture and
Thermal Properties of Rice

A. Latifi and M. Esmaiili*

* Corresponding Author: Professor of Food Process Engineering, Faculty of Agriculture University of Urmia, Food Science
& Technology Department. Urmia — Iran. E-mail: m.esmaiili@urmia.ac.ir
Received: 3 October 2018, Accepted: 19 February 2019

Abstract

Physicochemical properties of rice change during storage that is known as aging. It needs 3
to 6 months for aging to be completed. In this project, steaming of paddy was done as an
accelerated aging method. Steam curing was done for the fresh Shiroudi paddy in two
moisture levels (20 and 17 %) for 5, 10 and 20 min at atmospheric pressure in factorial
randomized design. Then it was dried until moisture content reached as low as
1lpercentage. The paddy de-husked and polished in laboratory  milling. The
physicochemical properties of milled rice were determined and compared with control one.
Some desirable changes in quality, attributed to treatment of rice by steaming, were similar
to what could be seen in naturally aged rice: decreasing in solid loss, peak and breakdown
viscosity (p<0.05), increasing in hardness of raw and cooked rice and head rice yield
(p<0.05). Steam curing increased (p<0.05) all three gelatinization temperatures but had no
visible effect on enthalpy. But it had an adverse effect on appearance of rice. With
increasing of steaming time, chalkiness had been expanded (p<0.05). So, five min. seaming
time could be done practically for accelerated aging of any Shiroudi paddy with different
initial moisture.

Keywords: Accelerated aging method, Cooking Properties, Physicochemical Properties, Rice
aging
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