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Figure 1- response surface plots of soaking temp. and time (a), soaking temp. and steam time (b), soaking and steam
time (c), on head rice yield.
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Figure 2- response surface plots of soaking temp. and time (a), soaking temp. and steam time (b), soaking and steam
time (c), on chalky rice.
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Figure 3- response surface plots of soaking temp. and time (a), soaking temp. and steam time (b), soaking and steam
time (c), on whitness.
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Figure 4- response surface plots of soaking temp. and time (a), soaking temp. and steam time (b), soaking and steam
time (c), on black head.
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Figure 5- response surface plots of soaking temp. and time (a), soaking temp. and steam time (b), soaking and steam
time (c), on hardness.

Cangllae Jlade 4 o, Jadd 45 S 03,90 5 |, Glaal Ao
50 Blanl 4 axg b onl,d Coles ,0 aoyoae b SO sae
290 (5 ilwaine gl ol Wil Coenl g oad aid 5 L
G s wmlp ool e ki o glacdas

g al (e g e e @ gledlly Gadain
Lolyd 4 G $lp el (SoSgu 0 9 (25 GabaS
2 2 ol g paibes Gl puilans slod iy
Jiley g0 s a s Sl el Lylyd esgass
BB (s weas BB bz > comnl (talejl (Ao
Slr i slacaal Gl giluange lp ol e
Sy D Connl gyl i g o oslital b >g,s

=l Glp Vo poneS slp b ol @ ol

Sl 3 lings
sl oolazdl 5 Ll Jpame CuiS o5 Lxil

il 315 18 (3luarge B> e il cou o
Slodiags 05 43,5 15 0 4T3 ol oo 5
2 e Dl Wl e gl S5 5 ailSlaz o 4 4l
Wlgi oo ol paiz @liseigs abl atsl agul Ko
Ols 9 gl by, 5l eslanal b plejen b
O O Sl g 090 03, S 4 bagesly (g3luaing sl
A sl a3l 505 S 4 42y ol S s
sl e Lol s (Nanvakenari, et al., 2022) ol

Syt a5 ol Lyl 5l el (clasgaze (8l oaddigs

Ay



Tl g (9, 1 03Lw! b b o35 gk w3 (g5l diae

L Sl anld %0 b K oty polis 008
el oanl F oz 10 ds0 ol 5 o 1,85 aige ploj g Leo
polie 4yl 2Biole;] polis el oo 0as aS jgbo Lo
Cho dyge ,o add e U0 I58le 5 sal o i

el Cowddy o e lade 5 2SS og S

—Aige oS Al a8 )S LA o SUS ganpa g (S5 (G

ail Jgu onl Gille sl onel ¥ oz 50wl d (g5l
a0 Y pailees gl jo Lad o8, Sibig b aige
@QV@Q)UQQLA)‘SQLL.;& u..\..l.,.....} QL“)'l‘.‘u"B'.f"“l*“

uig'LA)'T Sl s Qbail sy PA IS congllas ol b

W helyb (g jlwdiags 5l Jols gl -€ Joua
Table 4- Optimization parameter

e &dgwpwl  Swhw R YA ok ok gl
Copgllae FOrL S a8 @by oSl Glas
desirabili Hard Black Whit pS| Y . .
esirability chalky steamtime  soaktime  gpaktem.
ness head ness HRY .
(min) (h) oC
Max. Min. Max.  Min. Max. Cuod| s 0>
3 3 3 4 5 Importance degree
0.68 15 0.45 484 68 543 7 5 61 pd s oy 2 3lie
Predicted value
145 05 46 4 54 7 5 61 B lolejl oo

Experimental value

s gy il ialal T il b ails s Lol tals

s o5 Ll (aal381 b Wogs ege o 99 o (i gus yos
s | a3 5 shatage Aol el s g, L

O Gl Loy b wgmadis a0 £V ailues gles 0 U

@ &l Casods bl o g 4B ¥V 0,y o) g el

Ol i (5w 5 She el @ Lol o5 5,9k

Bl Hlade (n a8 (Ko 5 (25 9

&lo oyl

larslas xdlie o, oy o

S A
ONlec Slod ¢ g 22 390 ol Sl jo IS ok @
5 ol plesly (Shs des Rl Lose 5SS
Slyass )0 Lol ol o5 o 5 (25 5 0k (KB gy
e Ol Gl b g 99 g uilans lej il (2
2 ol Sl ms)lu gl g pailees Gloj 28l al38)
PS50 20 )u by el lensly jo ansils b S
(S g S ¢ 25 50 b obj glewsly T alBIL g 09

O GRIBI L asis 5 (25 05 it (il Sloj wails

&b

Adhikaritanayake, T.B. and Noomhorm, A. (1998). Effect of continuous steaming on parboiled rice

quality. Food Engineering. 36, 135-143.
Bello, M., Baeza, R. and Tolaba, M.P. (2006). Quality characteristics of milled and cooker rice affected

by hydrothermal treatment. Food Engineering. 72, 124-133.
Islam, M.R., Roy, P., Shimizu, N. and Kimura, T. 2002). Effect of processing conditions on physical

properties of parboil rice. Food Science Technology Research. 8(2), 106-112.
Kar, N., jain, R.K. and Srivastav, P.P. (1999). Parboiling of dehusked rice. Food Engineering. 39, 17-

22.

Vay



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,
9924-9929.

Latifi, A. (2013). Effect of parboiling on quality characteristics of Iranian rice. Deputy of Rice Research
Institute of Iran- Amol. Research Report N. 42169. (in persian)

Latifi, A. and Alizade, M.R. (2014). Effect of parboiling on qualities and milling of Iranian rice. Journal
of Agriculture Engineering Research. 15 (2), 77-88. (in persian)

Lu, R. and T.J.Siebenmorgen. (1995). Correlation of head rice yield to selected physical and mechanical

properties of rice kernels. Transactions of the ASAE, 38(3), 889-894.
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.
Miah, M.A.K., Hague, A., Douglass, M.P. and Clarke, B. (2002). Par boiling of rice part []: effect of

hot soaking time on the degree of starch gelatinization. Food Science and Technology. 37, 539-
545.
Nanvakenari, S., Movagharnejad, K. And Latifi, A. 2021). Evaluating the fluidized-bed drying of rice

using response surface methodology and artificial neural network. LWT - Food Science and
Technology 147, 111589.
Nanvakenari, S., Movagharnejad, K. And Latifi, A. (2022). Multi-objective optimization of hybrid

microwave-fluidized bed drying conditions of rice using response surface methodology. Journal
of Stored Products Research. 97, 101956.

Nasirahmadi, A., Emadi, B., Abbaspour-fard, M.H. and Aghagolzade, H. (2013). Influence of Moisture
Content, Variety and Parboiling on Milling Quality of Rice Grains. Rice Science. 21(2),
116—122.

Nasirahmadi, A., Abbaspour-fard, M.H., Emadi, B., and Behroozi Khazaei, N. (2014). Modelling and
analysis of compressive strength properties of parboiled paddy. International Agrophysics, 28,
73-83.

Oyedele, O. and Adeoti, O. (2013). Investigation into the Optimum Moisture Content and Parboiling
Time for Milling Igbemo Rice. Rice Research. 1(1), 1-3.

Pal, P., Singh, N., Kaur, P. and Kaur, A. (2018). Effect of Parboiling on Phenolic, Protein, and Pasting
Properties of Rice from Different Paddy Varieties. Food Science. Vol. 00, Iss. 0.1-11.

Sabori, S. (2015). Effect of parboiling on chemistry, cooking and nutrition characteristics of Iranian rice.
Rice Research Institute of Iran- Rasht. Research Report N. 50158. (in persian)

Sivakamasundari, S. K., Moses, J. A. And Anandharamakrishnan, C. (2020). Efect of parboiling
methods on the physicochemical characteristics and glycemic index of rice varieties. Journal of
Food Measurement and Characterization. 14, 3122—-3137.

Smith, D., Atungulu, G. G. And Mauromoustakos, A. (2021). Processing parameters for one pass drying
of high moisture parboiled rough rice with 915 MHz microwaves. Transactions of the
ASABE. 64(1), 299-312.

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.

\a¥



Tl g (9, 1 03Lw! b b o35 gk w3 (g5l diae

Taghinezhad, E. Khoshtaghaza, M.H., Minaei, S. and Latifi, A. (2015). Effect of Soaking Temperature
and Steaming Time on the Quality of Parboiled Iranian Paddy Rice. International Journal of
Food Engineering. 11(4), 547-556.

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, 1-8.

Yousaf, K., Kunjie, C., Cairong, C., Abbas, A., Huang, Y., Arslan, C. And Xuejin, Z. (2017). The
Optimization and Mathematical Modeling of Quality Attributes of Parboiled Rice Using a
Response Surface Method. Journal of Food Quality. Article 1D 5960743.

Youssefi, S., Emam-Djomeh, Z., & Mousavi, S. M. (2009). Comparison of artificial neural network
(ANN) and response surface methodology (RSM) in the prediction of quality parameters of spray-
dried pomegranate juice. Drying Technology, 27(7-8), 910-917.

AR



Food Engineering Research/Vol.25/No. 79/ Autumn& Winter 2026/P:185-196

Journal Home page: https://fooder.areeo.ac.ir

FOODER
AERI

Original Research
Optimization parboiling of Tisa variety using response surface method

Asefeh Latifi*, Pardis Ramzani

*Corresponding Author: Associate Professor, Rice research institute of Iran, Mazandaran branch, Agricultural
Research, Education and Extension Organization (AREEQ), Amol, Iran.

Email: asefeh59@yahoo.com

Received: 25 August 2025 Accepted: 14 December 2025

http://doi: 10.22092/fooder.2026.370536.1431

Abstract

Tisa is a high yielding rice that its broken and chalky properties is more than local rice. Proper
postharvest methods like parboiling can improve these properties. Parboiling is a hydrothermal process
including three steps: soaking, steaming and drying. Parboiling can improve milling properties of rice,
increasing head rice yield, decreasing chalkiness and improving cooking properties because of reduction
stickiness of rice. Response surface method (RSM) is a mathematical method to determine the input
parameter based on previous work include soaking temperature (from 50 to 70 °C), soaking time (from
4 to 8 h) and steaming time (from 5 to 15 min) to get the best results. The best output is maximum Head
rice Yield (HRY), whiteness and hardness and minimum chalky and blackhead. The optimization
process for parboiling of Tisa were determined soaking temperature of 61°C, soaking time 5h and
steaming time of 7 min.
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