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ABSTRACT

i .\ii<nhii. '■ihIiii u Mimlhi Hiifhiiti samba anil Kidiainaala) were subjected u> an cxpcrimenl lo 
.......  i’1') 11 I’ lnpeliies such as dimensions and grain masses were measured using

Four Sri Lankan traditional paddy varieties ( I j 
determine physical properties and wain absorplioi
laboratory test methods. Whereas other pnJfKrl w 1 1 ..... tl based till relation ship equations. Major dimensions (Length, Width and
I hickness), 1000 grain weight, geometrical nicail diillttelei slnltl area volume, sphericity and aspect ratio were significantly different 
(p<0.05) among paddy varieties. While similar physical |1lopl hies (|1 0.051 Were also observed. Watci absorption capacities were investigated 
by steeping paddy samples in water, controlled at "  "( Rfcspl 1 1 . having different holding times, were drawn timely for the moisture
analysis. As a result o f steeping, moisture contents ol paddy illilples had been increased to various levels (p- 0.05). Although rapid moisture 
increment was observed at the initial stage of sleeping f)ilbset|Ufchlly. late ol absorption was declined by reaching to the equilibrium where the
hydration rate was insignificani (P>0.05). Ml padtl ilrii lii lej..... ill tlleil highest water absorption capacities after 5 hours o f steeping and
weie ranged from 28.22% to 30.97% (Wet basis) \\ liile I haklUa siiili/ia, SiiHttiv samba and Kabamaala recorded the highest water absorption, 
there was no significant difference (P X ) 05) bciwecli lliesii IHlt-e valielies in water absorption. The varietal differences and Sleeping time were 
significantly influenced (P<0.05) on water absotptii >11 ca|vn ni in paddy.

KEY  WORDS: T r a d i t i o n a l  p a d d y  v a r i e t i e s ,  W a t e r  i i b s o i  |> iio li i- ! l | ia c i i l<  I i j l l i l i b r i i i l n  s l a t e .  H y d r a t i o n  r a t e .  S l e e p i n g

INTRODUCTION

Since ancient eras, Sri Lankans has used in culti at- dlfferem 
indigenous traditional paddy varieties [ O r y a  Sdtiva  I ). in 
order to fulfill their dietary requirement. 1 sualiy paddy is i ii h 
in macro nutrients such as carbohydrates, pidteill 1 alld 
microiiutrients, namely minerals ami vitamin-- lllill villll liii 
healthy living (Ejcbe. 2013). Sri Lankan traditional paddy 
types are more eminent owing to us tinii|iic Hiedlcinni. 
organolaptic and cultivating features in addition to their 
nutritional value. Therefore, at present, most p-uld- I'a riPm  ill 
Sri Lanka moving lo cultivate traditional paddy valielies 
parallel to the demand built up within local and inl inational 
market. Morphological properties ol any type o f  paddy \ariety 
are an important tool for designing equipment for lilt* puipo-a- 
o f  harvesting and post harvesting activities like dellllliing. 
drying, handling as well as storing (Bashar c l a i. ' I l l  I). 
Improperly designed machineries and faulty operations could 
be effected on physical quality o f  paddy In  ci rating nacl- s and 
breakage consequently reduce the maikclin;: Value (ahadge 
and Prasad 2012). Steeping o f  paddy is common piactlce and is 
a critical step in parboiling process because it is 1 eiuial loi 
completing gelatinization o fs larch  and changing tilt

*Carresponiling author: Gayun Th ilakariillinu.
Department o f  l-'oodScience a n d  Technology. I \n iiln  o l . I) 'n h o I  
Sciences, University o f  S r i Jayew ardenepura. (- !;r»tl,nt > hi 
Nugegoda, S r i l.anka.

composition and distribution o f  nutrients within grains 
simultaneously (Otegbayo ct at.. 2001; Sareepuang c l ul..
.’008; M ir  and Bbsco, 201V Kale et a i. 2015). Quaniiiative 

data on hydrating treatments are useful in finding the effect o f 
process variables, optimizing processes and designing 
processing equipments accordingly. (Taiwo el a i,  1998: Abu- 
( ihannam and M cKenna 1997a; Verma and Prasad, 1999; 
Hliallacharya. 1995). A im  o f  this study is to quantify water 
absorption capacities and physical properties such as thousand 
grains weight, axial dimensions, geometrical mean diameter 
(U .M .D .), surface area, volumes, sphericity and aspect ratio o f 
loin Sri Lankan traditional paddy varieties.

MATERIALS AND METHODS

Sam ples Preparation

I weiity five kilo  grams of. commercially available four 
traditional paddy varieties, known as Kaham aaUi, Rallinn  
s iinh,i. Sudani Sam ba and Unakolla Sam ba were purchased 
from paddy suppliers and impurities o f  these paddy such as 
dirt. husk, immature or broken seeds, stones and other particles 
weie removed and shade dried. Dried paddy was packed in 
polypropylene bags and stored in-house conditions (28- 
*11 I  K I I. .'(1-75%). A  portion o f  paddy sample was drawn for 
the experiment from each paddy variety.

http://www.ijisr.com
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Determ ination o f Phys ica l Properties

The major dimensions o f  paddy were dctet mined In  measuring 
three major axial dimensions, length il ), width (\V| Hitd 
thickness (T )  o f  randomly Selecied Hid mains of' e,i' h type 
using dial lypc thickness Indicator having the lesollllioU ol 
0.01 mm. According to the methods stated iii (Sadeglil ct ill., 
2010), thousand-grain mass o f  paddy varieties were determined 
by selecting 100 grains randomly and weighing by Using digital 
electronic balance (O H A U S- P A 2 1 4) with ihe aLculJtc> bi 
0.0001 g. These measurements were repeated ten tiiltes Ini 
each variety and final readings were multiply by I I I  to give (he 
mass of' I000 grains (Nalladulai et a i,  2(102) The ii11|k>Hithl 
physical properties were calculated Using in '■
according to the given equations: Geometric Menu Diameter 
(D c)* (1 ) and the Sphericity (S,,) -(2) as d cribt ill M  ' 
(1986) ; The Surface area (S)- ( 3) as staled 111 Kiel a l" ' et til 
(2005); Grain volume (V )-  (4) according to .lailt and Hal ( 19 0 ')  
and The Aspect ratio (R,,)-(5) as given in Varhallildiasd ci a l 
(2008).

Dc = ( L W T ) i  .........................  , | )

Sp = (L W T ) I/ L  ..........................|

s  =  ttIJ^ ........... I t|

V = 0 .25 [(tt/6 )L (VV  + T )2] ,1)

R a = W / L  .................................. (§)

Where, L  is the length (m m ), W  as the width (tlthi) >1 the 
paddy and T  represents the paddy thickness mini).

Determ ination o f  M o is tu re  Absorption C apstcitv

Experiment was designed based on previous studies ol 
Kashaninejad et a i  (2007); M ir  and Bose*. (2013 1 ; Uesio ct ill 
(2005); Palipane and Valance (1977), with lew modilielltioits. 
About lOg o f  paddy from each variety wet: placed sepiitaleK 
in dry clean boiling tubes conltlining eqtlal Viilutiles of 
distilled water (volume ratio. 3 :IAVate i Paddy I which were 
already preset to the desired tenipeiatur. ( 7(>"( (I 5) hi the 
thermostatic water bath (Gallcukam p HKS350) tii|ilicale 
measurements were taken from each paddy vtirieK i’addy 
grains were periodically removed, during hot sleeping. initially 
starting from 30min and thereafter I hr time interv als up Ih five 
hours. Then wet grains were allowed to diain out excess Walt t 
and sample was quickly blotted three-lbui times with fillet 
paper until the superficial water was remov ed. I hell (lie araih-- 
were transferred to a clean dry metal containc! with a Mil and 
reweighing was done using the same balance ( 0  0001 g) A l (lie 
same time, moisture contents o l padtk varieties w oe 
determined based on (A O A O , 2000) using triplicates Iron I eacli 
variety.

R E S U L T S  AND DISCUSSION

Physical properties

Kahanim ala, Rathna Sam  ha (M a  veeM  nakiila sumbil and 
Sudan i Sam ba arc popular as white rice straiils W illi superior

Ilavor profiles. The major axial dimensions and thousand 
grains weight o f  these paddy varieties are given in Table I. 
According lo the data given in table 01, highest values for 
length, width and thickness were reported by Kaham aala  and 
lowest dimensions given by Sudani sam ba. Generally, major 
three dimensions were significantly different (p<().()5) among 
these four paddy varieties except the thicknesses o f Rathna 
samba and L'nakola samba. Highest value for thousand grain 
mass was given by Kaham aala  and lowest grain mass was 
reported by Sudan i sam ba. The thousand grain weights o f  all 
paddy varieties were also significantly different (p<0.05) to 
each other. M ajor axial dimensions o f  paddy grains are useful 
in selecting meshes for sieve separators and in calculating 
power requirement during the rice m illing process. Thousand 
grain mass is used for calculating the head ricc yield and in 
designing o f  paddy/rice cleaners, using aerodynamic forces 
(Ghadge and Prasad, 2012; Zareiforoushef a i,  2009). 
t a Ieulated Physical properties such as geometrical mean 
diameter (G .M .D .), Surface area. Volumes, Sphericity and 
Aspect ratio are tabulated in I able 2. According to the table 2, 
although most parameters were significantly different (p>0.05) 
among the varieties, volumes, surface areas and aspect ratios 
were not significant (p>0.()5) between Rathna samba and 
I  ntl/iolu samba. Highest values for geometric- mean diameter 
(G .M .D .). surface area and volumes were reported by 
Kaham aala  l owest values for above three parameters were 
provided bv Sudan i samba The highest sphericity was 
reported from L'nakola sam ba, while lowest had with 
kaliam atda W h ile  both Rathna samba and Jn ak o la
'i/ftt/wgavc the highest aspect ratios (p<0.05). The lowest was 
recorded bv Sudani samba.

• I V - 91 J

S * w | mric l t ir i i e ,  m i r

figure I. Moisture absorption capacities of Rathna samba, 
l ’nakola samba, S iitliin i samba and Kaliam aala at 70 °C

I he sui lace area is a tool for determining the shape o f  the 
seeds and it is an indication o f the behaviour o f kernels on 
oscillating surfaces during processing (Ghadge and Prasad, 
2012; Alonge and Adigun, 1999). The G .M .D . is useful in 
estimating projected area o f a grain. Projected area is 
supportive to recognize the grains behaving pattern in a 
flowing fluid (a ir) as well as the conveniences o f  separating 
extraneous materials from the grains during cleaning by 
pneumatic means (Om obuwajo el a l., 1999). Aspect ratio and 
sphericity indicates a tendency to either roll or slide in which
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Table I. Dimensions an,I thousand grain mass o f .... r ............!<«„ „  aditional paddy varieties {.Kahamaala, Rathna samba, Unakola
s a III ha illu l Sutluru samba)

T r a d i t i o n a l  I ’ a d J y  Variety l . c i l p l h l m m )  

Kahamaala 7 ±(j tt
Rathna samba (<.22 i l l  11
Unakola samba 
Sudani samba 5

Table values aie (he n i-;m S I' 
d i l l 'e i e n t  ( I 1 (I (1 5 )

V  i i l i l i t

II! ‘ (I IS 
5,78 i t )  J  ’ 1

('I -0 I'i 
54—f) 15" 

1U2-0 15'

_1Jnckiicss^nin0_ 
2 0 7 i  (1.12 J I 78* 0 12 
l.7<)+ ll.l)i|" 
1.65a  0 .1 5  ‘

_J000_£ahunas^
22 8 0 1 0 .5  5J 
I I 7+K ) IS1'
I 4.0NI0.2X '1 
9 .7 210 .1  r

’ • T 1"  m il-  in t h e  s a m e  c o l u m n ,  s h e a r  s a m e  s u p e r s c r i p t  l e t t e r s ,  a r e  n o t  s i g n i f i c a n t ! )

Table 2. Physical parameters rtf Genii,el I ic.il Merfll ......... . (CJM b), Surface area, Sphericity, Volume. Aspect ratios for
Kahamaala. HaHilitt sllltihil, I ntilu ila samba an il Sutlu i n samba

I’ a i U l y  V a r i e t y  < i M . D . t i n i i i )  j j u i j a c e  a i c i l l n i i n ' l  S p l i e r i e i l )  V o l u m e , m m ')  A s p e c t  r a l i o

Kahamaala 
Ijiaikola Samba 
Rathna Samba 
Suthini Samba

t l_ , 
5 .2 5  I ,1 IX'' 
’ 117 I: II 20  
2.68 ±11 16 '

T a b l e  v a l u e s  a r e  t h e  m e a n  ! S M o i  

d i f f e r e n t  ( P  o  0 5 1

L-tfl
284)5- * tlt 
2') flti-2 fill 
22.,-": 2 82

II Ifi 111 OK1 
".511:0.01 
n-i'MiO" 
II.4,110.01

25 64 : 4 .2 6  
14.'13 12.311- 
15 X6 -  2 .94 ''
10 .2 8  n 2.00 '

II 37=0.01" 
II 4 2 *0 .0 1 '' 
0  4 2  -0 .0 1 ' 
0  3 5 = 0 .0 2 '

a l l i e s  i l l  l l t e  M im e  c o l u m n ,  s l i c a i  s a m e  s u p e r s c r i p t  l e t t e r s ,  a r e  n o t  s i g n i f i c a n t l y

necessary for designing hoppers lot (he m illing proc- s s  I nwei 
the values o f  aspect ratio and sphcricitv generally inilinit, a 
likely difficulty in gelling the kernels to roll llillli llial 1 
spheroid grains. (Ghadge and Prasad. 2012). Ild W cu r . nil 
physical properties, measured o f  a grain, tan be tillered with 
Ihe variations in moisture content (Bashar ct a t 21114).

M oisture absorption pattern o f d iffer, it I pa,lily ili ielifs

As explained by Lee and Rogers (1981): I.tih mid M icklls 
(1980) &  Palipaneand Vellanki (1977). steeping wiis 
out below the temperature range o fgela iin i/a iion . because Ibis 
temperature would facilitate to minimize irrevi tsihl, ?wt lling 
solid leaching due to grains splitting and etlliillicillg llte 
rapidity o f  water uptake (Danbaba et a l.  .’014 Ahrnmrib , a l 
2005). The amouni o f  witter absorbed In  tin gialhs tltiriil^ 
sleeping is influenced by several factor-. I or Instance. initial 
moisture content, varietal differences (physical ami chemical 
composition), sleeping lime, pH and tcmperaiufe ol the valet 
(Ejcbe, 2013). Initial moisture contents o f  k a lh iia  siilnh i. 
Unakola samba. Sudan i sam ba and Kaium m ahiw-yc found 
as 13.55±0.11 % ,  12.44±0.07%, 11 .92±0.27'
I3.58±0.13% (wet basis)respectivcly A lie i vvarils, ill, intllsttll 
contents o f  above paddy varieties had been increased lo 
different levels (p<0,05) at differenl sti |iiuj.' linu |1 i - i  io«ls \s 
well as, despite o f  initial moisture loiil.eni most |iadiiy 
varieties were obtained almost sim ilar moisture eoltlenis id the 
end of steeping process. For further elariliealiotis. maplis w'cte 
plotted for moisture absorption patten ( " „ )  vl-rsiis sleeping 
limes for four o f  traditional paddy varieties as illtt ira!* d in 
figure 01. According to I he Figure Ol a common jia' li:rn could 
be observed for moisture absorbing in all lour padlls WirltticS 
Ihe graphs (Fig.01) clearly indical, il lira  Hi iiiinu'' -s in 

sleeping treatment, all paddy varieties displayed rapid moisture 
increment. In other words,the highest rale ol h\tlitilioHwci<• 
reported at the first ha lf an hour o f  llu sleeping In ilr 
point,Unakola samba and Kahanniah: indicalc,1 highest
hydration rates Ilian other two varieties Thereafter. from 
30min (o 240min o f sleeping, (he rapidhess ul mtiisittl ■ gdlhihg 
was declined progressively. Fven i f  the moisture lc< eis weo 
increased significantly (p<0.05). Studies o f  Pali|lnne and 
Vellanki (1977) have revealed, that the 'ale o f  ualei diffusion 
into the grain is driven by the vapour pn .sure sit atliciil

belwecii outer and inner periphery o f  ihe grain. Water enters 
ihe grain matrix via natural capillaries in the outermost layers 
" l  tile grain (Becker, i960). Slight swelling o f  grains by reason 
id hot soaking, are also erctiled some paths for penetrating 
water into the grain (Palipane and Vellanki, 1977). As 
hydralion proceed water coliteHl increases steadily and with (he 
weakening o f  driving force, absorption rate decreases (Resio et 

2005). However, at the final stages (240min. to 300min.), 
moislure contents o f  most paddy verities were remained 
constant (p 0 .05 ) by allaining equilibrium state with Ihe water 
medium. Achieving o f  an equilibrium state was resulted the 
neutralization of net water movement through the grain 
sirttcture. Saturation o f  starch granules with water in a given 
temperature, and/or inhibitions of capillaries on seed coal arc 
some few reasons for this equilibrium (Becker, I960 ;Palipanc 
.mil Vellanki, 1977).Varieties like Sudan i samba and Rathna 
sum lni showed ibis saturation earlier than the other varieties.
I he peak moisture contents Of tested four paddy varieties had 

exhibited al the 300min. of sleeping. Under the peak moisture 
levels. Unakola \amba, Sittlun i samba and Kaham aala  were 
roillid with 30.97*0.09%. 30.64*0.17% and 30.88*0.06% 
tw.b.) o f  moisture absorption capacities respectively. However, 
there was no significant difference (P>0.05> among (lie three 
varieties ( Unakola samba, S iid u n i samba and Kaham aala) in 
w a in  absorption capacity. The variety called Rathna samba 
showed comparatively low  reading for the same steeping lime 
bv acquiring 28.22*0..10% (w .b ) o f  moisture content. Further 
evaluation oi all o f  these data revealed, time o f  steeping and 
varietal difference significantly influence (p<0.05) for the 
moisture absorption capacities and the rates o f  hydration in test 
paddy varieties.

( om lusion

A ll paddy varieties have common hydrating pattern during 
entire sleeping process al 70"C. A l the beginning o f  sleeping, il 
makes rapid water absorption, followed by the slow  rale o f 
absorption until grains reached lo the equilibrium state. After 5 
hour o f steeping time, traditional paddy varieties displayed 
about 28- !( )" „  o f  peak moisture increment. Time o f  sleeping 
and varietal dillercncc is influenced on the moislure absorption 
capacity. I lie varieties such as Unakola samba, Sudan i samba 
and Kalutm aa/a were sim ilarly reported the highest water



holding Capacities than Rathna snmbtt Kaln tiiun ila  Wls lilt 
traditional paddy type having highest length. Vvidlil till ' ■ 
thousand grains, geometric mean diameter (t i.M .b .), surliice 
81 ca ancl volume. W h ile  Siu lun t samba was the Variety w llll 
lowest length, width, thickness, thousand main n n :.  
geometrical mean diam clcr (C i.M  D.). surface ‘ illra. oluliie 
aspect ratio. Unakola samba and Kaham  /,//((|lad lit hl| III
well as the lowest sphericities respectively U p
ratios provided by Rathna samba ami U n id o lii nuba.
Volumes, surface areas and aspcct ratios art sin llai 
Rathna samba and Unakola samba.

Acknowledgment

Authors specially thank for the guidane, and mppoH pinvklcd 
by the Institute o f  Post Harvest lechnolog\ (t*i -aiclt and 
Development Center), Aniiiadhapura Sri I anf i

REFERENCES

Abii-Ghaniiam, N. and M cKenna. I! I097. Ilydralioli Mucin 
o f  red kidney beans (Phaseolus vulgaris I . 1  

Food Science.62. pp.520-523.
Ahromrit, A., I.edward. D .A. and Niranjan. I< '006 1 1 |,>|i 

pressure induced water uptake cliai;ute!istii * ol llia i 
glutinous rice. Jo u rn a l o f Fo o d  In i . .
225-233.

Alonge, A. I', and Adigun, Y..I 1999 Some pltvsicill and
aerodynamic properties o f  sorghum is relates til clt ....
In proc. 21st annual Conference o f  the Nigeii-ii So e id y  ol 
Agricultural Engineers (N S A E )  at fedcial I'olyld.Iini> 
Bauehi, Nigeria.

A O  A C . 2000. O fficia l methods o f  an a lys is . i.-itiiiti ol 
official analysis chemists, Washington I i.e .. New i il l 

Bashar, Z .U ., W ayayok. A. and M o ld  X .M .N  Mi l l  
Determination o f  some physical p'opeiti. ; ol eollntioh 
Malaysian rice M R 2 19 seeds.A .K  S  8 t 3 ) .  jip i i ’ 1.17 

Becker. II A  I960. On the absorptii a if liq u id  water I' il.
wheat kernel. C erea l Chem istry. 37. pp. 109 

Bhatlaeharya, S. 1995. Kinetics ol I (ratio tin :
roasted corn semolina. Jo u rn a l >>. . / .
pp. 2 1 30.

Danbaba, N „  Nkama. I. Badau, M  I I .  r U l in g w u . M .N 
M a jil,  A. I . ,  Abo. VI. I- , Hauwawu II I all. I< I and 
Oko, A. O. 2014. Optimization o f Rice Parboiling I’i m e - 
for Optiimun I lead R ice Y ie ld  \ Response Su lla .. 
Methodology (R S M )  Approach In. rnatun i:,! I, m y , I  
Agriculture and Fo ie s iry ,4(3). pp. 15-1 -1 (iS. 

tjebe, C .K , 2013. 'Parboiling characieri.slics o f  sdedet! ril 
varieties from Nigeria'. Masters ihe... C n iw i ii\ ol 
M cG ill, V iewed 17 l-eb 2016,. 
http://digitool.library.mcgill.ea/lhesis ile l ’ !29N 

Ghadge, P .N . and Prasad, K . 2012 So. i. 1 I il hop t'lli, 
o f  Rice Kernels: Variety PR-106. ./
3,S.

Jain. R .K . and Ba l. S. 1997. Properties,- pea, I m illrl / I . , ,
Eng. Res., 66, pp.85-91.

Rak  \ .1.. .Iha. S .K .. Jha , G .A .. Sinlia I I’ and I al S  11 'I I I  ' 
Soaking Induced Changes in Chen I Cun1|
Glyeem ic Index and Starch Cliaraelcnslics o f  Basllf Hi it lee 
Rice Science. 22(5), pp.227 236.

International Journa l o f  Innovation Seienn > anil I t.

kashanineiad. M  Maghsondlou. Y „  Raflee.S. ancl Khomeiri. 
M  2007 Study o f  hydration kinetics and density changes 
nl rice (Tarom M alia li) during hydrothermal processing. 
Jo u rn a l o l Food Fng iin  ci ing.79(4), pp. 1383-1390.

Is..I. and Rogers. P.I 1983. The fermentation kinetics of 
ethanol production l>\ zymomonasmobilisJow/vK// o f 
( hem it a ! F.nginecring.?.! | -38.

l ull. R S .  and Mickus. R  R .I980 . Parboiled rice. In Rice: 
production and utilization W esl Pori. CT. U SA : A V I 
Publishing Co.. Inc.

M et a be. W .l . Smith. I ( and Harriot tli. P. 2005. Unit 
operations o f  chemical engineering. N ew  York. McGraw- 
H ill Book Company 

M ir. S .A . and Bosco. S .l.l). 2013. Effect o f soaking 
temperature on physical and functional properties o f 
parboiled rice cnliivars grown in temperate region o f  India. 
hood Null'. Sc i. 4. pp. 2X2 28S.

Mtilisenui, N .N . 1986 Physical properties o f  plant and animal 
materials Nol l  Physical characteristics and mechanical 
properties, Gordon and Breach Science Publishers. New 
York.

’ •alladulai. K  . Alagu.sundnram, K . and Gayathri, P. 2002. 
A il Mow resistance ol paddy and its byproducts. B io  systems 
I  "g g ., 83. pp.67 75.

Oitloiniu-ajo. T.O.. Akanda. I .A. and Sanni. L .A . 1 999. 
Seleclcd physical, mechanical and aerodynamic properties 

African breadfruii ( T r c d la  A fricantt) seeds. ./. hood 
Fug}!., 40, pp. 24 I I 

Otegliayo. l i d .  Osamuel, I Pashakin, J .B .  2001. Effect o f 
parboiling on physico-chemical qualities o f two local rice 
varieties in N igeria . J  Food  TechnolAfr, 6(4), pp. 130 132. 

1’ ilipane. K .B . and Vellanki, R .R . 1977. Ilvd ration  
Characteristics o j hu ,d  varieties o f paddy. Anuradhapura. 
S ii I anka. Rice proee s development cenlcr.

Resio. A .N .C., Agnerr R..I and Suarez. C. 2005. Analysis o f 
simiihaneoiis water absorption and water starch reaction 
Hilling soaking o f  amaranth grain. Jo u rn a l o f Food  
Fug  m eering. 68. pp.265 270.

Sadcghi. M  \raghi. 11. A  and llemmat. A. 2010. Physico- 
mcchanical Properties Rough R ice {O ry :a  sa liva  /..(Grain 
as Affected by Variety and Moisture Content.
A  g r id  nglnt: C K iR  Jo u rn a l. 12(3), pp.129-136.

Saieepoang, K ., Siriamornpun. S., W iset, I and Meeso, N. 
’(ll)x. Effect o f  soaking temperature on physical, chemical 

and cooking properties o f parboiled fragrant rice. W o rld .I  
I , S c i .  4 (4 ):409 115. 

la iwo. K .A .. Akanbi. ( f. and Ajibola, 0  0.1998. Regression 
relationships for the soaking and cooking properties o f  two 
cowpea varieties Jo u rn a l o f Food Engineering, 37. 
pp.331 344.

Y.iriiauikhasii. M  ( i .  M obli. I f .  .lafari. A.. Kcyhani. A. R . 
Soltanabadi. M II . Rafiee. S. and Kheiralipour. K. 2008’ 
Son . physical propeitics o f rough rice (O ryza sa liva  L.) 
grain Jo u rn a l o j i e rca l Science, 47(3), pp,496-501 

' *IIHI I’rasad, S. 1999. Kinetics o f  absorption of
Wale1 b\ maize grains..Io ta H al o f Food Engineering. ’ 9 
P p . ! 400.

7 "c ifo i. ush. II . Koltiarizadeh. M .H . and Alizadeh. M .R  
I I lee: ol Moislure Content on Some Physical 

Properties ol Paddy Grains. Research Jo u rn a l o j Applied  
S i iem  as. Engineering and  7., linology, 1(3 ), pp. 132-13 9 .

http://digitool.library.mcgill.ea/lhesis

