YAV kawl Mo 69 g/\oa)Lq.:: Lﬁ""’o @L«-&jrjl&

P19 bl 3 g med T 3 Al (¥ § 4Inio K409 il
(090w 9 5 258 390 axfllan ) 5 59ab oé (b 5 gl (S JSII — (S 38

. N Y ae e
St Fsmo Js e 25 (el

(s g SHS pondige a2y Ok b mlis 5 (65,508 0aSCEls  Jos sl Gamms s Lskeul -
W}:{ A;dv\.\.é.ﬁ c); g@.:._iﬂ CL\A 9 6)'))[..’25 o ISES]s g&jlﬁbj dﬂm oK.:\..;b )li;t...q\ -y

QVAYY ol Gyl AV /Y il s fu)b)

s S>>

338 o V3 O b canalts D3 15 til e 335 58 el & ol Skt 058 s T3 e e S sl el e
W 03l W S5 g ) poas OF (glaesls 5 o3 ausa r s o kil (s JIS olSius 3l eslizal b o anlts OBV 4 (580500l
3 S ) (S = (Sl b)) (Spd ool b anelid 0ad VS s e ol il S ol addlas s il
S S pki Of S SU ol (6l sl Ad s 03 S g o Al b Gosabst el e b (Sl O G5l S 25 5 5
Sl Glesl @l gl i amtle 5 b Wy 5 S s ol (6 8ol 6l o 5 4 il K 5 eal (2l § a8l sl
adls  slize (5o5ab 58 Ole3 0 53 S ks O 5 Sl (saiped los o 3 g edd B o5 V200 570 A (slas 53 (gosab g b (25t o3))
S s SWs 5 AMSIem B ) S S ol (5wl TTON B YVAA) Skt Cushy slie oS sl 0L T b A
(R*>0.98) las galslas b s 5 4 5 (P<0.05) s sxs 5sboas (YV/V 15 0/0) o alid O Y5 Aoy 5 Sals ST (GdemV b ARRYIFEIES
Pl 5 g ameli 0Ad VS s e e dal) G il R gk b (R*>0.96) ;Lo 5(R®>0.95) o35 ax,5 (R?>0.93) sl
O V3 e g S5 sl o S L el Sald T (STl s S ol L s s S 25 Skt O S sl - (S

.J;Sﬁuiﬁbk_;)y_b)}yéﬂmw

. . *
e.taghinezhad@uma.ac.ir.cuis. J,...

Yo


mailto:e.taghinezhad@uma.ac.ir

s g el OasasY lie Kps g o5l

St Jso Js 5315 & el

2L INT Saks (35 55 Y] bykels 5,0 IARY NP
aS Wlesls QLA 5 Wlosls 13wy 3590 S Slss Lol
DS S slgs ol Slas 5 ol ire sba ok
L f s &S sl (Yoo 0L,Ka 5 Ragni .ol
LoLol [YY] K55 wiie OF 3l Lolst 5l eslinal b
w by Wy sslie Jlates (glpmamio O3 Sl ealinad
Eoress pr 5 3 Sl eslizad L Lol aaman.dis 5l Cos
Sl S sl o at G S5 slade
5o g S Kl 4 USG5l sl S
LYV] 58 eslinad Llie Cis 3 013

s el O3 N3 (SNl 6l By pkir O5SU
Sl ool e Sl il ol il 05 5 e
3 Gor Pl 03 e W] Jols e s JIS 5l eslanad L
[Yo] X axal (3l 5l eslizal 5 [Y£] s il sy Sn
L axaliss K llgs ol G pliz ol ol osliz
o3la I3 i e b S Ol aSNS b
slos 5o b alis Jye S SJles ol [YA-T
o3I YGHZ b VOMHz 315 5 6350 53 54 °CL &0 oy
wielis clle 05l L oaS Whes S 0L Lol [4] w8
3L dal Rl DU s s s Sl b
sbadle js oS col fps by SopsUl Sulds (6,86l
Oliioes ol 42 8 513 Oliis 51 (Sl 55 3550 )
o amalis il Gl sl S Sole o0l
ooz NV Jamalis Jslome 55 msn s slaaalas ¥+ ]
e ) e ol g 23 YT s s sle s
Los of PIYIKpos 5 WL (DS (s o)
B ‘[\”o]c.x:f B e e R AR
o3, Spls VAT L3 analis YV a8 wnlis ¥
BT P A I IR PR ErsMs]
o2l e el (Y0V1Q) O, 5 Taghinezhad . Llesls
ST S i) (STl = (b slse) (S
Lol [V ] Klesls J13 oy 5550 b o3, S gk (S ks
Gl 5 (6 a8 e L S SUl culis lids &S Wles S 0Ly

5. Cooking rice
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1. Granules swelling

2. Loss of birefringence
3. Crystallite melting

4. Head rice yield
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1. Differential Scanning Calorimeter
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Table 1 Various levels of soaking temperature and time for measuring physical and electrical properties

Soaking times (min)

Soaking temperature (°C)

240 120 60 30 15 60
180 97 52 28 15 65
120 71 42 25 15 70
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Fig 1 The complete experimental setup of batch
ohmic heater for measuring of electrical
conductivity of paddy water
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1. The sum of squares error(SSE)
2. Root mean square error(RMSE)
3. coefficient of determination(R2)
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Fig 2The complete experimental setup of
capacitance sensor for measuring of voltage of
paddy water
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Moisture content (w.b.%)
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Fig 3 Hydration of paddy at various temperatures
during soaking

**Different letters indicate a significant difference (P<

0.05). The error bars represent + one standard error of the

mean.
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Table 2 Different models and regression coefficients for the relationship between moisture content (MC (w.b.%),
electrical conductivity (EC (mS/cm)), capacitance sensor voltage (mV) and DSG (%) and soaking time (t (min) of
paddy at different temperatures of soaking

R Equation Soaking temperature (°C)
0.9879 MC =4.9436In(t) + 7.3791 60
0.9946 MC=5.2741In(t) + 7.6442 65
0.9938 MC = 5.2944In(t) + 9.0833 70
0.9304 EC =0.0822In(t) + 0.5893 60
0.9934 EC = 0.2076In(t) + 0.3375 65
0.9845 EC = 0.2941In(t) + 0.167 70
0.9527 V = -0.0054t° + 2.3081t + 206.73 60
0.9984 V = -0.008t" + 2.9884t + 246.01 65
0.9766 V = -0.0067t° + 3.0208t + 326.94 70
0.9665 DSG = 8.8281In(x) - 20.282 60
0.9937 DSG = 8.7895In(x) - 16.785 65
0.9994 DSG = 9.1482In(x) - 12.143 70

** MC: Moisture content (%); EC: Electrical conductivity (mS/cm); V: capacitance sensor voltage (mV); DSG: Degree of
starch gelatinization (%); t: Time (min).
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Voltage (mV)
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Fig 5 Output voltage of capacitance sensor for
paddy water at different soaking temperatures
during soaking
**Different letters indicate a significant difference (P<

0.05). The error bars represent + one standard error of the
mean.
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1. Granule swelling
2. Amylopectin crystal melting
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Fig 4 Electrical conductivity of paddy water at
different soaking temperatures during soaking
**Different letters indicate a significant difference
(P< 0.05). The error bars represent + one standard
error of the mean.
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Fig 6 Effect of soaking time on gelatinization at
different temperatures of soaking
**Different letters indicate a significant difference
(P< 0.05). The error bars represent + one standard

error of the mean.
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Table 3 The linear model for the relationship between DSG% and physical-electrical properties

SSE RMSE Adjusted R

Equation Soaking temperature
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R’ (°C)

17.58 2.421 0.9395 0.9546 DSG= 1.833 x MC- 35.11 60
4.753 1.259 0.9836 0.9877 DSG=104.7 x EC- 60.14 60
20.38 2.606 0.9299 0.9474 DSG=0.1047 x V-19.63 60
14.57 2.204 0.9352 0.9514 DSG= 1.486 x MC- 24.75 65
1.22 0.6376 0.9946 0.9959 DSG=42.24 x EC- 30.96 65
902.9 17.35 0.9684 0.9763 DSG=11.13 x V+ 196 65
3.651 1.103 0.9526 0.9645 DSG= 0.6612 x MC- 14.81 70
0.001945  0.02546 0.9906 0.9929 DSG=0.03473 x EC+ 0.4886 70
1300 20.82 0.9473 0.9604 DSG=11.8 x V+ 201.6 70

** MC: Moisture content (%); EC: Electrical conductivity (mS/cm); V: capacitance sensorvoltage (mV); DSG: Degree of
starch gelatinization (%).

‘5;‘:).)3 3 Jgai: -0
l_fCJ_Jo Sl Gl p aza s &:.AL”); ‘Jlﬁ;)\éjmalii;b)‘\
o g 4l 008 VS am s S " Olpe
s sk b Sals ol K Slgs eub g, Seslul b

s Slasds 5 KA AFAVOTO &) 5V v EA sl

gl =1

[1] Bualuang, O., Tirawanichakul, S., and
Tirawanichakul, Y. 2011. Study of drying
kinetics and qualities of two parboiled rice: hot
air and infrared radiation. TIChE
International Conference, ee010: 1-6.

[2] Juliano, B.O., Perez, C.M., Barber, S,
Blakeney, A.B., lwasaki, T.A., Shibuya, N.,
Keneaster, K.K., Chung, S., Laignelet, B.,
Launay, B., Del Mundo, A.M., Suzuki, H.,
Shiki, J.1., Tsuji, S., Yama, J.T., Tatsumi, K.,
and Webb, B.D. 1981. International cooperative
comparsion of instrument method for cooked
rice texture. Journal of Texture Studies, 12: 17-
38.

[3] Derycke, V., Vandeputte, G.E., Vermeylen, R.,
De Man, W., Goderis, B., Koch, M.H.J., and
Delcour, J.A. 2005. Starch gelatinization and
amylose—lipid  interactions  during  rice
parboiling investigated by temperature resolved
wide angle X-ray scattering and differential
scanning calorimetry. Journal of Cereal
Science, 42: 334-343.

[4] Delcour, J.A. and Hoseney, R.C. 2010. Rice
and Oat Processing. St. Paul, MN, USA: AACC
International, Inc.

[5] Miah, M.AK., Haque, A., Douglass, M.P.,
and Clarke, B. 2002a. Parboiling of rice. Part

YVY

Z £
ol () S (S ol M s ol 2
S35 035 Sl g p amaldd 0w ar s 5 (S
O3 Seslls e (gosab e il glales 5 Ol s
globle (Sals O S ol i gl o8 S
Cosby e oS sl QLS @l A esls A b
Ol S i (G5l Y0 B YANA DS ks
o p el O Y3 Ay 5 (VA mS/em G /AY) Sl
SWy sslie Ol s oS Jos ol 058 Ll gadslae
(eaomV b Y\ 5D Sl O ¢l p gilbs K x5
a5 slas L (P<0.05) (s ls sme [agl3dl Wiy g ysab se b
R3lae boaS s QLA b anall Odd agVy e L Sl
ol @l 3l ke S ety (RP0.98) e oy S
o el 00 NS ar s Sohe Sl OIS e sy
55 eslital (g,gabse e sl 5 Ly bo(955,02
Ol o ool Sl 3 a5 S e slgidy pdlie (ulgs
2 Sl gl O s gl glable SO
D Sl Gosb e b Sl of SO culas K )s
dlAS.:l;wjjjf\}@'ﬂmwouagyj*@ﬁﬁ

A3l sk e Aol B pladl gl Ole 2 ) sds 40 36 Glela



St Jso Js 5315 & el

[17] Dunlap, W.C. and Makower, B. 1945. Radio
frequency dielectric properties of dehydrated
carrots. Journal of Physical Chemistry A, 49:
601-621.

[18] Sacilik, K. and Colak, A. 2010.
Determination of dielectric properties of corn
seeds from 1 to 100 MHz. Powder Technology,
203: 365-370.

[19] Soltani, M. and Alimardani, R. 2011.
Moisture-Dependent Dielectric Properties of
Pea and Black-Eyed Pea. Journal of American
Science, 7: 60-64.

[20] Zhu, X., Guo, W., Wu, X., and Wang, S.
2012. Dielectric properties of chestnut flour
relevant to drying with radio-frequency and
microwave energy. Journal of Food
Engineering, 113: 143-150.

[21] Tahmasebi, M., Tabatabaei kolor, R., and
Hashemi, J. 2016. Effect of moisture content
and frequency in dielectric properties of two
paddy variety. Iranian Journal of Biosystems
Engineering, 47: 51-61.

[22] Ragni, L., Gradari, P., Berardinelli, a.,
Giunchi, a., and Guarnieri, a. 2006. Predicting
Quality Parameters of Shell Eggs using a
Simple Technique based on the Dielectric
Properties. Biosystem Engineering 94: 255—
262.

[23] Mechteldis, G.E., Zeist, W., and Cone, J.W.
1992. Prediction of degradability of starch by
gelatinization enthalpy measured by differential
scanning calorimetry. Starch/Starke, 44: 9-14.

[24] Huang, J., Hess, W.M., Weber, D.J,
Purcell, A.E., and Huber, C.S. 1990. Scanning
electron microscopy: tissue characteristics and
starch granule variations of potatoes after
microwave and conductive heating. Food
Struct, 9: 113-122.

[25] Zobel, H.F., Young, S.N., and Rocca, L.A.
1988. Starch gelatinization: an X ray study.
Cereal Chemistry, 65: 443—446.

[26] Bircan, C. and Barringer, S.A. 1998. Salt-
Starch Interactions as Evidenced by Viscosity
and Dielectric Property Measurements. Journal
of Food Science, 63: 983-986.

[27] Piyasena, P., Ramaswamy, H.S., Awuah,
G.B., and Defelice, C. 2003. Dielectric
properties of starch solutions as influenced by
temperature, concentration, frequency and salt.
Journal of Food Process Engineering, 26: 93-
119.

Yv¢

I: Effect of hot soaking time on quality of
milled rice. International Journal of Food
Science & Technology, 37: 527-537.

[6] 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.

[7] Marshall, W.E., Wadsworth, J.I., Verma,
L.R., and Velupillai, L. 1993. Determination
the degree of gelatinization in parboiled rice:
comparison pf a subjective and an objective
method. Cereal chemistry, 70: 226-230.

[8] Miah, M.AK., Haque, A., Douglass, M.P.,
and Clarke, B. 2002. Parboiling of rice. Part I1:
Effect of hot soaking time on the degree of
starch gelatinization. International Journal of
Food Science & Technology, 37: 539-545.

[91 Motwani, T., Seetharaman, K. and
Anantheswaran, R.C. 2007.  Dielectric
properties of starch slurries as influenced by
starch  concentration and gelatinization.
Carbohydrate Polymers, 67: 73-79.

[10] Taghinezhad, E., Khoshtaghaza, M.H.,
Suzuki, T., Minaei, S., and Brenner, T. 2016a.
Quantifying the Relationship between Rice
Starch Gelatinization and Moisture-Electrical
Conductivity of Paddy during Soaking. Journal
of Food Process Engineering, 39: 442-452.

[11] Ragni, L., Al-Shami, A., Mikhaylenko, G.,
and Tang, A. 2007. Dielectric characterization
of hen eggs during storage. Journal of Food
Engineering, 82: 450—459.

[12] Nelson, S.0. 2005. Dielectric spectroscopy in
agriculture. Journal of Non-Crystalline Solids,
351: 2940-2944.

[13] Kumhala, F., Prosek, V., and J., B. 2009.
Capacitive throughput sensor for sugar beets
and potatoes. Biosystems engineering, 102: 36-
43.

[14] Nelson, S.O. 2008. Dielectric properties of
agricultural products and some applications.
Research in Agricultural Engineering, 54: 104-
112.

[15] Berbert, P.A., Queiroz, D.M., and Melo, E.C.
2002. Dielectric properties of common bean.
Biosystems Engineering, 83: 449-462.

[16] Soltani, M. and Omid, M. 2015. Detection of
poultry egg freshness by dielectric spectroscopy
and machine learning techniques. LWT-Food
Sci. Technol. , 62: 1034—-1042.



\Y"W Ju.L.A\ 4\0 692 g/\oa)l.a.\:

OJ"U..&« @W}f}lﬁ

gelatinized maize starch dispersions properties.
Food Chemistry, 172: 353-360.

[39] Taghinezhad, E., Khoshtaghaza, M.H.,
Minaei, S., Suzuki, T., and Brenner, T. 2016.
Relationship Between Degree of Starch
Gelatinization and Quality Attributes of
Parboiled Rice During Steaming. Rice Science,
23: 339-344.

[40] Jittanit, W., Khuenpet, K., Kaewsri, P.,
Dumrongpongpaiboon, N., Hayamin, P., and
Jantarangsri, K. 2017. Ohmic heating for
cooking rice: Electrical conductivity
measurements, textural quality determination
and energy analysis. Innovative Food Science
& Emerging Technologies, 42: 16-24.

[41] Kanjanapongkul, K. 2017. Rice cooking
using ohmic heating: Determination of
electrical conductivity, water diffusion and
cooking energy. Journal of Food Engineering,
192: 1-10.

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

[43] AACC. 1976. Approved methods of analysis.
American Association of Cereal Chemists. St.
Paul, Minnesota, USA.

[44] 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.

[45] Sareepuang, K., Siriamornpun, S., Wiset, L.,
and Meeso, N. 2008. Effect of soaking
temperature on physical, chemical and cooking
properties of parboiled Fragrant rice. World
Journal of Agricultural Sciences, 4: 409-415.

[46] Icier, F., Yildiz, H., and Baysal, T. 2008.
Polyphenoloxidase deactivation Kinetics during
ohmic heating of grape juice. Journal of Food
Engineering, 85: 410-417.

[47] Tahmasebi, M., Tabatabaei kolor, R., and
Hashemi, J. (2012). The feasibility of a
Capacitive Sensing Method for Measurement of
Moisture content in paddy pazhohesh Variety.
The 8 th. national congress on Agriculturl
machinery engineering and mechanization.
(ed.”eds. p.~pp. 1022-1028. ed., Mashhad
University.

[48] Swasdisevi, T., Sriariyakula, W., Tia, W.,
and Soponronnarit, S. 2010. Effect of pre-
steaming on production of partially-parboiled

Yvo

[28] zhu, Z. and Guo, W. 2017. Frequency,
moisture content, and temperature dependent
dielectric properties of potato starch related to
drying with radio-frequency/microwave energy.
Scientific Reports, 7: 9311.

[29] Fan, D.-m., Lin, L.-f., Wang, L.-y., Huang,
L.-.,, Hu, B., Gu, X.-h., Zhao, J.-x., and Zhang,
H. 2017. The influence of metal ions on the
dielectric enhancement and radical generation
of rice starch during microwave processing.
International Journal of Biological
Macromolecules, 94: 266-270.

[30] Li, F.-D., Li, L.-T., Li, Z., and Tatsumi, E.
2004. Determination of starch gelatinization
temperature by ohmic heating. Journal of Food
Engineering, 62: 113-120.

[31] Zareifard, M.R., Ramaswamy, H.S., Trigui,
M., and Marcotte, M. 2003. Ohmic heating
behaviour and electrical conductivity of two-
phase food systems. Innovative Food Science &
Emerging Technologies, 4: 45-55.

[32] Icier, F. and llicali, C. 2005. Temperature
dependent electrical conductivities of fruit
purees during ohmic heating. Food Research
International, 38: 1135-1142.

[33] Sarang, S., Sastry, S.K., and Knipe, L. 2008.
Electrical conductivity of fruits and meats
during ohmic heating. Journal of Food
Engineering, 87: 351-356.

[34] Assiry, A.M., Gaily, M.H., Alsamee, M., and
Sarifudin, A. 2010. Electrical conductivity of
seawater during ohmic heating. Desalination,
260: 9-17.

[35] MoralesSanchez, E., Figueroa, J.D., and
Gaytan-Martinez, M. 2009. Wet method for
measuring starch gelatinization temperature
using electrical conductivity. Journal of food
Science, 74: E382-85.

[36] Dhingra, D., Chopra, S., and Rai, D.R. 2012.
Stabilization of raw rice bran using ohmic
heating. Agricultural Research, 1: 392-398.

[37] Qiu, S., Li, Y., Chen, H., Liu, Y., and Yin, L.
2014. Effects of high-pressure homogenization
on thermal and electrical properties of wheat
starch. Journal of Food Engineering, 128: 53-
59.

[38] Lobato-Calleros, C., Hernandez-Jaimes, C.,
Chavez-Esquivel, G., Meraz, M., Sosa, E., Lara,
V.H., Alvarez-Ramirez, J., and Vernon-Carter,
E.J. 2015. Effect of lime concentration on



St Jso Js 5315 & el

[57] Lawrence, K.C., Funk, D.B., and Windham,
W.R. 2001. Dielectric moisture sensor for
cereal grains and soybeans. Transaction of
ASAE, 44: 1691-1696.

[58] Taghinezhad, J., Alimardani, R., and Jafari,
A. 2012. Development of a Capacitive Sensing
Device for Prediction of Water Content in
Sugarcanes Stalks. International Journal of
Advanced Science and Technology, 44: 61-68.

[59] 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.

[60] 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.

[61] Manful, J.T., Grimm, C.C., Gayin, J., and
Coker, R.D. 2008. Effect of variable parboiling
on crystallinity of rice samples. Cereal
Chemistry, 85: 92—-95.

[62] Himmelsbach, D.S., Manful, J.T., and
Coker, R.D. 2008. Changes in rice with variable
temperature  parboiling:  Thermal and
spectroscopic assessment. Cereal Chemistry,
85: 384 - 390.

[63] Mahanta, C.L. and Bhattacharya, K.R.
1989. Thermal degradation of starch in
parboiled rice. Starch - Starke, 41: 91-94.

[64] 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.

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

yvia

rice using hot-air fluidization technique.
Journal of Food Engineering, 96: 455-462.

[49] Das, 1., Das, S.K., and Bal, S. 2004. Specific
energy and quality aspects of infrared (IR)
dried parboiled rice. Journal of Food
Engineering, 62: 9-14.

[50] Nawab, A. and Pandya, A.C. 1974. Basic
concept of parboiling of paddy. Journal of
Agricultural Engineering Research, 19: 111-
115.

[51] Bhattacharya, K.R. 1985. Parboiling of rice.
In rice chemistry and technology, Juliano, B.O.
(Ed.). American Association of Cereal
Chemists, Inc.,Minnesota, pp: 289-348.

[52] Chaiwanichsiri, S., Ohnishi, S., Suzuki, T.,
Takai, R., and Miyawaki, O. 2001.
Measurement  of electrical  conductivity,
differential scanning calorimetry and viscosity
of starch and flour suspensions during
gelatinisation process. Journal of the Science
of Food and Agriculture, 81: 1586-1591.

[53] Morales-Sanchez, E., Martinez, M.G., Vega,
M.L.R., and Cardenas, J.D.C.F. 2007.
Electrical conductivity and kinetic parameters
of rice starch. Journal of Food Process
Engineering, 30: 578-583.

[54] An, HJ. and King, J.M. 2007. Thermal
characteristics of ohmically heated rice starch
and rice flours. Journal of food Science, 72:
C084-88.

[55] Tananuwong, K. and Reid, D.S. 2004. DSC
and NMR relaxation studies of starch—water
interactions during gelatinization.
Carbohydrate Polymers, 58: 345-358.

[56] Waigh, T.A., Gidley, M.J., Komanshek,
B.U., and Donald, A.M. 2000. The phase
transformations in starch during gelatinisation:
a liquid crystalline approach. Carbohydrate
Research, 328: 165-176.



JEST No. 85, Vol. 15, March 2019 ABSTRACT
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The soaking stage is the most important steps of the paddy parboiling process that requires precise
control, because starch granules are gelatinized during soaking. The measurement of degree of starch
gelatinization (DSG) of rice has high costs using differential scanning calorimeter (DSC) and this
method cannot be utilized to obtain online data. Thus, in present study a mathematical relationship was
guantified between the DSG of rice and the paddy physical (paddy moisture) -electrical (electrical
conductivity (EC) and capacitance sensor output voltage of paddy water) during soaking portion of the
parboiling process. For measuring of electrical properties of paddy water was designed and
manufactured an experimental system of ohmic heater and capacitance sensor for measuring electrical
conductivity and voltage, respectively. For doing experiment, paddy (Shiroudi variety) was parboiled by
soaking at the temperature of60, 65 and 70 °C. At each temperature, paddy samples and paddy water
were selected at five different soaking times. The experimnet results showed that paddy moisture
content (21.18-35.1%w.b.), electrical conductivity (0.63-1.6 mS.cm™) and output voltage of capacitance
sensor (216 — 595 mV) of paddy water and rice DSG (5.5 to 31.7%) increased significantly (P<0.05) and
exponentially  (R?>0.98), exponentially (R*>0.93),quadraticly (R*>0.95) and exponentially
(R*>0.96)during soaking, respectively.A linear relationships were fittedbetween DSG of parboiled rice
and physical-electrical properties of paddy water.The results revealed that EC of paddy water be able to
predict the DSG of rice during soaking with the lowest regression error.

Keywords: Parboiled rice, Capacitance sensor, Shiroudi variety, Degree of starch gelatinization,
Electrical conductivity
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