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Table 1 Technical characteristic of differential
scanning calorimeter machine
Range temperature -45 to 120°C
Temperature rate 0.001 to 2C/min

Accuracy Wp0.02 — 0.002
Cell Capacity 1 ml
Weight 37.4 kg
Dimention 40x53%x58 cm
Input power 50-60 HZ, 230 V

s B S ool SNl -
WS 038 Ak 3l dn ¥ e e g DLkl I
35S oSl b5 Wl gladils 3l anSa slaals ples
54 e (FQS-13X20, Sensewealth, China,.
U BRI SUPITov PO {0 WP J PR
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il b (S 05 (S 008 Gl B ) S
WS 3l 0L G cpl el ks 4 Sk s
DMie eSS 4 gl S oY) e e SLe
oSl 4 glaws (sl Oliime o o3V o (SanSls
il 5N Ty e ()b e ol = Oleil
Er OLLly Slde cpamen [YA LYY T Wlesls sty 1)
ol IS s oy Ve BT

Y81 515 illae s ol gl L a5 o

(God9d>ws 3> ‘V)Lw

S @ S Sy r-Y
038 e (JS SBlal 1 (S cddo Gz B M5
e 5038 Sp by bails W3S e dulp ol
Sy sl plie Sl pis [V e ] das e il bl 1, KOy il
Ol 5 Famed o el oY) solie o
= Sy il el el esls Ol (8) IS 5 syl
b 5 (P<O.05 i pme sk & OAAY BIA 5D g
B EAITY 51) g sl 035Y5 ke L1531 L (RP=0.88)



\V‘\VI;L\O 092 'A% a)Lo«j:

&_‘J&@L«é}¢j—t§

iS00 (ST s 4 0dd b Aol b Laals
S Bl s s 4 e e [F] LS e p e sl
el oppVl 5 03 SSES ) ey Zasb)y e 038
Er o> ki oSV by VXY ] sl (S

.njfda dl;@xﬂﬁ\)}lqﬂcu&ﬁm}

S S 4o — 4

il asyle Ol o atels o5V T 5 05V e
S osV5 lade caids Ve BY 31 asybu oley Sl L
VY 5oy Il oS (gysb 4 LRl VYA 4 SA/YY
EOA D Ky ol S Jb s sl mals /08 J/g o
il (s YYY/0 B AYVA ) S ga,m 5 (VAAY
Oy mp () CuSld G50 5 Sy 2l il
oy V5 5le 1355 e o3lital g oy AS sl la
2oy ki w5 S 3L G @
G (gl el e P i AS 2 LA
b Gheres @ e s S 23l Ol S ol 0l
Ol p s a3 Aslae B g oA, Ol e OIS
e ks b syl Ol odal Cews 4 e Gilas 3 S
zr (V0) Wl i Oleily 0 VL & pliws (sl Ol

! S35 s (";) ud_?-r.g

cl.'uo -0
[1] Taghinezhad, E.,

Khoshtaghaza, M.H.,
Minaei, S., and Latifi, A. (2015). Effect of

soaking temperature and steaming time on the

quality of parboiled
International journal of food engineering, 11:
547-556

[2] Himmelsbach, D.S., Manfyl.T., and Coker,

Iranian paddy rice

R.D. (2008). Changes in rice with variable

temperature  parboiling:  Thermal
spectroscopic assessmefiereal Chemistry,
85: 384 - 390

and

[3] Ayamdoo, J.A., Demuyakor, B., Dogbe, W.,
and Owusu, R. (2013). Parboiling of paddy
rice: The scienceand perceptions of it as

practiced in northern ghananternational

A4

Rupture Force (N)

e 035 e b 1 K ek Sl (sl bl a
b sl K 558 (K L SKos LYs Sl aS s
e [TO NN TV] WSl e p sl D53 4 (5 5absS
Nl gal L 0T SESTy 5 0 S b S 0 sl
Ol bl INV] 335 o i alls S5 ks oo il
13 s i K kS (93b5 Sle AU sl
S B S 35 LY

Er S ol e S S () eSS 5
b IS Ol (e B LS skl e
oo Y5 i U VY] AL e el Sy aul s
el 0 a3ls OLES (0) JSE s syl b oSS (5,0
DRIB e g (e SMEs (a3l Ol Rl L
RF (N) cus (g5,0 w23l (555 YYY/0 0 YYV/A)
dal; S (DSG (W) iy g0 4l 0325V5 5l
Ll 035 513 (F) ebaily Gilas o

RF = 3.1158xDSG - 39.145
°}:—'~,~3y54>.)>)(N)wL5)ﬂ.} %JJQDSG)RFS

S vekd il e ol (RE) o a5 A2e ()
S e Ol5 e (V) 5 (8) ol 4 x5 Lol /A0 L
LT (MiN)) _as b 0l e 2 1, (RF(N) ol

25 ol (V) sl Gilhae p g a5 laberdr dolee
RF = 0.351xT — 6.646xT + 47.298xT + 42.847

225
225
200 —
200 =
175 §
175 S
150 @
150 5
125 &
125 =
100

100

5
Gejgyi . ©
nization (%) ©
0

%023

Fig 5 The interaction between the rupture force and

DSG of parboiled rice during steaming
Gy CeSE (G sl e e oy Al
A s ‘”de‘ eV i il Cor e ol Shs

1. Amino acids



S 2l (s el e iSYS r S e

St Jso Js 5005 K erl

[14] Mohapatra, D. and Bal, S. (2006). Cooking
quality and instrumental textural attributes of
cooked rice for different milling fractions
Journal of Food Engineering, 73: 253-259

[15] Soponronnarit, S., Nathakaranakule, A.,
Jirajindalert, A., and Taechapairoj, C. (2006).
Parboiling brown riceusing super heated
steam fluidization techniqudournal of Food
Engineering, 75: 423-432

[16] Spencer, D. (1983). Evaluation of the
American rice mill parboiling plant at Setsan,
Rangoon, Burma in Sone & Webster
Engineering Corporation Boston,
Massachusetts, U.SA. 1983

[17] Kar, N., Jain, R.K., and Srivastav, P.P.
(1999). Parboiling of dehusked rickournal of
Food Engineering, 39: 17-22

[18] Islam, M.R., Roy, P., Shimizu, N., and
Kimura, T. (2002). Effect of processing
conditions on physical properties of parboiled
rice. Food Science and Technology Research,
8:106-112

[19] Fofana, M., Wanvoeke, J., Manful, J.,
Futakuchi, K., Van Mele, P., Zossou, E., and
Bléoussi, T.M.R. (2011). Effect of improved
parboiling methods on the physical and cooked
grain characteristics of rice varieties in Benin
International Food Research Journal 18: 715-
721

[20] Patindol, J., Newton, J., and Wang, Y.J.
(2008). Functional properties as affected by
laboratory-scale parboiling of rough rice and
brown rice Journal of food Science, 73: E370-

7.

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

[22]. Manful, J.T., Grimm, C.C., Gayin, ,Jand
Coker, R.D. (2008). Effect of variable
parboiling on crystallinity of rice samples
Cereal Chemistry, 85: 9295

[23] Taghinezhad., E., Khoshtaghaza, M.H.,
Suzuki, T., Minaei, S., and Brenner, T. (2015).
Quantifying the relationship between degree of
starch gelatinization of rice and moisture-
electrical conductivity of paddy during
soaking Journal of Food Process Engineering,
DOI: 10.1111/jfpe.12235

Journal of Scientific & Technology Research,
2:13-18

[4] Wu, D., Shu, Q., Wang, Z., and Xia, Y.
(2002). Effect of gamma irradiation on starch
viscosity and physicochemical properties of
different rice Radiation Physics and
Chemistry, 65: 79-86

[5] Buggenhout, J., Brijs, K., Van Oevelen, J.,
and Delcour, J.A.(2014). Milling breakage
susceptibility and mechanical properties of
parboiled brown rice kerneldWT - Food
Science and Technology, V-V ,

[6] Chungcharoen, A. and Lund, D.B.(1987).
Influence of solutes and water on rice starch
gelatinization Cereal chemistry, 64:240-243

[7] Buggenhout, J., Brijs, K., Celus, I., and
Delcour, J.A. (2013). The breakage
susceptibility of raw and parboiledce: A
review. Journal of Food Engineering, 117:
304-315

[8] Delcour, J.A. and Hoseney, R.C. (2010).
Rice and Oat Processing. Principles of Cereal
Science and Technology. St. Paul, MN, USA:
AACC International, Inc, 149-160

[9] Bello, M., Baeza, R., and Tolaba, M.P.
(2006). Quality characteristics of milled and
cooked rice affected by hydrothermal
treatment Journal of Food Engineering, 72:
124-133

[10] Islam, M.R., Shimizu, N., and Kimura, T.
(2004). Energy requirement in parboiling and
its relationship to some important quality
indicators Journal of Food Engineering, 63:
433-439

[11] Miah, M.A.K., Haque, A., Douglass, M.P.,
and Clarke, B. (2002). Parboiling of rice. Part
II: Effect of hot soaking time on the degree of
starch gelatinizatianinternational Journal of
Food Science & Technology, 37: 539-545

[12] Taghinezhad, E. and Brenner, T. (2016).
Mathematical modeling of starch gelatinization
and some quality properties of parboiled rice
based on parboiling indicators using RSM
Journal of Food Process Engineering, doi:
10.1111/jfpe.12483

[13] Champagne, E., B.,, Lyon, B., Min, B.,
Vinyard, B.T., and Bett, K.L. (1998). Effects
of postharvest processing on texture profile
analysis of cooked ric&Cereal Chemistry, 75:
181-186



\Y’QVIJL\O 092 'A% a)ij»

L;il.,\:f@l«é;(jl&

[30] Elbert, G., Tolaba, M.P., and Suarez, C.
(2001). Effects of drying conditions on head
rice yield and browning index of parboiled
rice. Journal of Food Engineering, 47: 37-41

[31] Sareepuang, K., Siriamornpun, S., Wiset,
L., and Meeso, N. (2008). Effect of soaking
temperature on physical, chemical and cooking
properties of parboiled Fragrant ricé/orld
Journal of Agricultural Sciences, 4: 409-415

[32] Parnsakhorn, S. and Noomhorm, A. (2008).
Changes in physicochemical properties of
parboiled brown rice during heat treatment.
Agricultural Engineering International: the
CIGR E-journal. Manuscript FP 08 009. Vol.
X.

[33] Bhattacharya, S. (1996). Kinetics on colour
changes in rice dutm parboiling Journal of
Food Engineering, 29: 99-106

[34] Lv, B., Li, B., Chen, S., Chen, J., and Zhu,
B. (2009). Comparison of color techniques to
measure the color of parboiled rideurnal of
Cereal Science, 50: 262-265

[35] Lamberts, L., Rombouts, [.Brijs, K.,
Gebruers, K., and Delcour, J. (2008). Impact of
parboiling conditions on Maillard precursors
and indicators in long-grain rice cultivars
Food chemistry 110: 916-922

[36] Islam, M.R., Shimizu, N., and Kimura, T.
(2001). Quality Evaluation of Parboiled Rice
with Physical PropertiesFood Science and
Technology Research, 7: 57-63

149

[24] Saif, S.M.H., Suter, D.A., and Lan, Y.
(2004). Effects of Processing Conditions and
Environmental Exposure on the Tensile
Properties of Parboiled RiceBiosystems
Engineering, 89: 321-330

[25] Takahashi, T., Miura, M., Ohisa, N., and
Kobayashi, S. (2005). Modification of
gelatinization properties of rice flour by heat-
treatment Journal of the Society of Rheology,

33: 81-85

[26] Oli, P., Ward, R., Adhikari, B., and Torley,
P. (2014). Parboiled rice: Understanding from
a materials science approadburnal of Food
Engineering, 124: 173-183

[27] Marshall, W.E., Wadsworth, J.l., Verma,
L.R., and Velupillai, L. (24Y). Determination
the degree of gelatinization in parboiled rice:
comparison pf a subjective and an objective
method Cereal chemistry, 70: 226-230

[28] Miah, M.A.K., Haque, A., Douglass, M.P.,
and Clarke, B. (2002). Parboiling of rice. Part
I: Effect of hot soaking time on quality of
milled rice International Journal of Food
Science & Technology, 37: 527-537

[29] Schluterman, D.A. and Siebenmorgen, T.J.
(2007). Relation rough rice moisture content
reduction and temperature duration to head
rice yield reduction American Society of
Agricultural and Biological Engineers, 50:
137-142



JEST No. 77, Val. 15, July 2018 ABSTRACT

Prediction of Starch Gelatinization Degree and Some Quality
Properties of Parboiled Rice (Shiroudi Cultivar) During Steaming of
Parboiling Process
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Iranian paddy (Shiroudi cultivar) has poor millingeld. So, parboiling process has been used for
improving its milling quality. In this study, Shindi paddy was soaked and steamed & 66r 180 min
and at 98C for 2 - 10 min, respectively. After steaming, gées were dried in the shade (27%1
temperature and 20+5% relative humidity) to achiaimal moisture content of 11+1% (w.b.). Findlet
effect of various steaming times on degree of btgelatinization (DSG) and some quality propertés
rice (head rice yield, color value and rupture &re/ere investigated. Results show that the DS®y co
value and rupture force increased significantlyQ(®8) from 48.22 to 76.68%, from 18 to 18.92 aruairfr
121.8 to 222.5 N during steaming, respectivelycdntrast, steaming at 4 min gave the highest valfies
head rice yield (66.5%). Linear relations betwee3GDand color value @0.88), and DSG and rupture
force (R=0.90) were observed. Also, a third order polyndmias fitted to experimental data obtained
for color value and rupture force (N) of parboilézk versus steaming time (min) and the suitabl& D%
parboiled rice leading to the highest head ricédyieas found to be 66.5%, obtained following 4 rafn
steaming.

Keywords. Steaming, Parboiled rice, Shiroudi paddy, Quaftgrch gelatinization
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