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Abstract- Three Sri Lankan traditiona] paddy  vaietics
(Kahawenu, Swwandall and Hanginmitan) were subjected foaft
experiment o determine physical propertivs did - watel
absorption capacities. Physical Propertics such as dimension:
and grain masses were measured using laboratory fos! mikthols
whereas, other properties were caleuluted based on ielatitinship
equations. Major dimensions (I ength, Width and Thickiess)
1000 grain weight, geometrical mean diameter, stirface fren
volume, sphericity and aspect ratio were significantly differcit
(p<0.05) among paddy varietics. While similar phiysical
properties (p=0.05) were also observed  Watel tihsobptinh
capacities were investigated by steeping paddy sdmples i
water, controlled at 70 "C. Respective samples favine
different holding times, were drawn timely fur the moisture
analysis. As a result of steeping. moisture contents of paddy
samples had been increased 1o various levely (e 05)
Although rapid moisture increment was obser ed at the injtil
stage of steeping. Subsequently. raic ol ahsorplioft wis
declined by reaching to the cquilibrivm where e hvthation
rate was insignificant (P=0.05). All puddy variefits pepionted
their highest water holding capacities after 5 Tours ol steepiiiy
and were ranged from 20.01% to 30.18% (b, While
Suwandall vecorded the highest water ahsorption. Kahihaii
recorded the lowest. The varietal dillerences atid steepitils tinie
were significantly influenced (P<0.05) on walet nhstiptiom
capacities in paddy,
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1. INTRODUCTION

Since ancient eras, Sri Lankuns has wsed e clltivate
different indigenous traditional paddy varienies (Diyza sativg
L., in order to fulfill their dietary tequirement. Usially palily
is rich in macro nutrients such as carbohydrates, priteits, s,
and micronutrients, namely minerals and vitamins that « il i
healthy living [1]. Sri Lankan taditional paddy typies wie more
eminent owing to its unique medicinal. organolephic ihd
cultivating features in addition o their nutiticng! valiie
Therefore, at present, most paddy frrmers in 50 Taiilan oving

10 cultivate traditional paddy varieties parallel to the demand
biiilt ip within local and mternational market.

Marphological properties of any type of paddy variety are
A important ol for designing equipment [or the purpose of
harvesting and post harvesting activities like dehulling, drying,
ndling  as  well as storing 2] lmproperly  designed
iachimeries and faulty operations could be effected on physical
quality of paddy by creating crucks and breakage consequently
pediee the marketing value [3]. Steeping of paddy is common
practice and 1s a eritical step in parboiling process because 1t 1s
cestentinl for completing gelatinization of starch and changing
the composition and distribution of nutrients within grains
simultaneously  [4)-17].  Quantitative  data on hydrating
teatients are useful in finding the effect of process variables,
aptitizing  processes and - designing  processing cquipment
aceotdingly[8]-[11]. Aim of this study is to quantify water
hsoiption eapacities and physical properties such as thousand
prains weight, axial dimensions, geometrical mean diameter
(i M 1. surface ared. volumes, sphericity and aspeet ratio of
(hiee S Lankan traditional paddy varieties.

M. MATERIALS AND METHODS

I Samples Preparation

Fwenty five kilo grams of. commercially available three
paditional paddy varicties, known as Kahavany, Suwandall
and Hangimuttan  were prrchased from paddy suppliers and
iniptirities of these paddy such as dirt, husk, immature or
broken seeds. stones and ollier particles were removed and
shade dried. Dried paddy was packed in polypropylene bags
aind stored in-house conditions (28-30"C/R.H. 70-75%). A
purtion of paddy sample was drawn for the experiment from
cach puddy variety
B Derermination of Phvsical Propertios

[he mgjor dimengions o paddy were determined by
easuring three major axial dimensions, length (L), width (W)
aind thickness () of randomly selected 100 grains of each
type using dinl type thickness indicator having the resolution of
001 mm. According to the methods stated in Sadeghi et
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al(12], thousand-grain mass of paddy varieties were detertiiine!
by selecting 100 grains randomly and weighing by tsing dlital
electronic balance (OHATUS-PA214) with the avcuraey ol
0.0001 g These measurements were repented ten times fol
each variety and final readings were multiply by 10 1 give the
mass of 1000 grains [13].The important physicdl propertics
were caleulated using measured dimensions acconding o the
given equations: Geometric Mean Diameter (D=(11 Al the

Sphericity (S,)- “(2)" as describe in Mohseninf 1] Tt
Surface area (S)-(3Y" as stated in McCabe e all 15] - Firain
volume (V)-4(4)", according to lain and Bul [1a] and  Th
Aspect ratio (R,)-"(5)" as given in Vi mamakhast) et all 17]
De = (LWT)3 (11
1.
Sp = (LWT)s/L (21
S =mDa (1)
V = 0.25[(/6)L(W + T)? (1
R, =W/L (5]

Where, L is the length (mm). W as the width (i) o fhe
paddy and T represents the paddy thickness (nint)

C. Determination of Moisture Absorption Capacity

Experiment was designed based on previons studivs of
Kashaningjad et al[I18]):Mir and Bosco [6]: Fesio ol A RARY
Palipane and Vellanki[20]with few modifications Aboit g
of paddy from ecach variety were placed separatcly i diy elean
boiling tubes containing equal volumes ol distilled water
(volume ratio ,3 :1/Water : Paddy) which were aliendy piresel
to the desired temperature (700C40.5) in the thepniostatic wites
bath (Gallenkamp-BKS350). Triplicate mepsurements were
taken from each paddy vaviety. Paddy grains wore periodically
removed, during hot steeping. initiallv starting from 20mit i
thereafter 1hr time intervals up to five hours, Ther wet prais
were allowed to drain out excess water and sample was ghiekly
blotted three-four times with filter paper until the supificial
water was removed. Then the grains were trapstered to d elein
dry metal container with a lid and reweighing was done using
the same balance (0.0001 g)At the same Lime pioistie
contents of paddy varicties wete  dutermined  hased ol
AOAC[21] using triplicates from each variety

M, RESULTS AND DISCLISSION

A, Physical properties

Kahawanu, Suwandall and Hwsgimuponon (Viovee) e
popular as  white rice strains with superior flavor profiles, The
major axial dimensions and thousand grains weieht of these
paddy varieties are given in Tablc |

Table values are the mean = SD ol replicates, Vilues in the
game  column, shear same  superseript  loters, not
significantly different (7 =0.05).
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TARLE | DIMENSIONS AND THOUSAND GRAIN MASS OF
THRUE SIRLANKAN TRADITIONAL PADDY VARIETIES (Karawant,
HANGIUTT N, AND SUIVANDALL)

Frtdirionad Paddy | Length Wiidth Tluckness 1000 griam

Vilkigry {nim} [ [ Imass{g)
Kahawane — [654 40377 3 30-024" | 222540.12" | 2058 0,58
Holigimearan— [623£0820] 26000147 | 1.8240.00° | 1443 £0.48 "
S aindal! SRG LAY TAIIRT| LBIEN 14" 1292 20.30°

Avcording to the data given in table 1. highest values for
fength. width and thickness were reported by Kahavanu.
[ owest grain length and width given by Suwandall and
Hangimutten recorded the lowest thickness. Generally, major
ihree dimensions were significantly different (p<0.05) among
these three paddy varieties. Highest value for thousand grain
mass was given by Kahawamand lowest grain mass was
repotted by Swwandall. The thousand grain weights ol all
piddy varieties were also signilicantly different (p<0.05) to
cuch other, Major axial dimensions of paddy grains are useful
i selecting meshes for sieve separators and in calculating
power requirement during the rice milling process. Thousand
ornin mass is used for caleulating the head rice yield and in
designing of paddy rice cleaners, using acrodynamic forces [3].[22].

Caleulated physical properties such as geometrical mean
digimeter (GM.DL). surface area, volumes, sphericity and
sepeet rato ave tabulated we Table 11

Fahle values are the mean & SD of replicates. Values in the
same  column,  shear  same  superscript  letlers, are  not
signilicantly different (P =0.05)

IARLLE H PHYSICAL PARAMETERS OF GEOMETRICAL MEAN
DIAMETER (GMD) SURFACE AREA, SPHERICITY, VOLUME,
VSPECT RATIOS FOR K anmawani, HANGINUTTAN, ANDSUWANDALI

[ GimD

. 4 Surfiet . Volume Aspeet
ity Variety Sphericity ' A
1 : () arenmny . {tmim’) ikt
365+ i - . 26,59 1l 5
Khanu 02 41 894063 | 0.56+0.02 ‘ 43 0.50:0.03
; 3001 oy eient L oeaepaqe | 1523 5
Sevvrndud! 020" 29 1L R0 10.52£0.01' 201" (430,02
309 + o 6.0
Hibiveisariifean “”l)ﬁl'" A7 2 78" | DA0Ra01 | flj_.:;(;‘)" (142 +0.07

Aceording 1o the table 11, highest values for all above
physical parameters were reported by Kahawanu. Lowesl
vilues Tor peometrical mean diameter (G.M. D), surface area
and volumes were given by both Hanginwtan and Suwapdall
Ve well as the values reported for G.M.D,, surface area and
vilume  were not significantly different (p<0.05) between
Hevteimuatan and Sivandall, The lowest sphericity and aspect
fntio were reeorded by Hangindtan,

Il surfiee area s o tool o determining the shape of the
ceeds and it s an indication of the behavior of kernels on
pstilliting surtaces during processing [3].[23]. The G.M.D. is
nseful in estimating projected area of a grain. Projected area is
dipportive 1o recognize the grams behaving pattern in a
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flowing fluid (air) as well as the convenicnees of separating
extraneous materials from the grains during cleaningd b
pneumatic means [24]. Aspect ratio and spheticity indicites i
tendency to either roll  or shide in which necessary ton
designing hoppers for the milling process. Lower the vahivs of
aspect ratio and sphericity generally indicate a lkely difhi ity
in getting the kernels to roll than that ol sptheroid ghains
[3].However, all physical propertics. meastred of o praitt. cut
be altered with the variations in moisture content [7]

B. Moistuwre absorption pattern of different padiy varieres

As explained by Lee and Rogers [25]: Lath aitd Ntk
[26]; Palipane and Vellanki [20]. steeping swis caprieth ol
below the temperature range of gelatinization bevnse this
temperature would facilitate to minimize Treversihle welling
solid leaching due to grains splitting and cohancing e rapidin
of water uptake [271. [28].The amount ol watcr shsorhed b the
grains during steeping 15 influenced by seventl factors Fot
instance, initial moisture content, varietal dilferences (phvsicl
and chemical composition), steeping time, pland tempetatur
of the water [1].

Initial moisture contents of Kahawanu Swwondall and
Hangimuttan were found as 110201200 1180 120 and
11.05£0.10% (wet basis) respectively.  Alierwards  he
moisture contents of abave paddy varictics had been iertas
to different levels (p<0.05) at different steepinge Hine pul ol
As well as, despite of initial moisture contents, padidy valietices
were obtained  significantly  different  (p=0.05) malstune
contents at the end of steeping For  farthet
clarifications. graphs were plotted for moisture sthsotptiog
pattern versus steeping times for three of waditiviial frnclely
varicties as illustrated in Figure 1.

PrOCess

.
-
—

-

Figure 1. Mosture absorption pattern af Sl aluibme i
Hengiotena) 70

According to the Fig. 1, a common pattern cotild be
observed for moisture absorbing in all three padidy vilictics
The graphs (Fig.1) clearly indicate. at list 30 fiinties i
steeping treatment, all paddy varieties displiyed rapiil mbistur
increment. In other words, the highest rate ol hvdbitiof wete
reported at the first hall an hour of the sieepiie HEthis poihl
Suwandalfindicated a highest hydration rale i othier twi
varieties. Thereafter, from 30min 1o 240 min ol steepiie, the
rapidness of moisture gaining was declined progressively Even
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il the moisture levels were increased significantly (p<0,03).
Studics of Palipane and Vellanki [20] have revealed, that the
pite of water diffusion into the grain is driven by the vapour
pressire gradient between onter and inner periphery of the
prain. Water enters the grain matrix via natural capillaries in
the outermost layers of the grain [29] Slight swelling of grains
by penson of hot soaking, ore also ereated some paths for
penetrating water into the grain [20]. As liydration proceed
wiler content increases steadily and with the weakening of
driving foree, absorption rate decreases [19].

However, at the final stages (240min. to 300min.), moisture
contente of most paddy varicties were remained  constant
(p 0051 by atwining  equilibrinm stae with - the water
piedivm Achieving of an equilibrium state was resulted the
pevtrlization of net water  inovement  through  the  grain
strncture Saturation of starch tranules with water in a given
emiperature, and/or inhibions of capillaries on seed coat are
somie few reasons Tor this equilibrium [29],[20] Varieties like
Covvgnedall and Hangimuetan showed this saturation carlier than
e ather varieties.

The peak moisture contents of tested three paddy varieties
Lt exchibited at the 300min. of steeping period. Under the peak
muisture levels, Swwandall, Hangimuttanand Kahawani were
found with 30484001 % . 29.7940.98% and  29.01£0.37%
(whi of moisture  absorption  capacitics  respectively,
Fherefore, as an aromatic paddy variety, Suwandallrecorded
the  highest moisture content while, the lowest moisture
content was given by Kahawanie  Further evaluation of all of
these data revealed, time of steeping and varietal difference
siunificantly influence (p=0.05) for the moisture absorption
capneities and the rates of hydration in test paddy varietics.

V. CONCLUSION

I paddy varieties have common hydrating pattern during
enfire steeping process at 70 °C. AL the beginning of steeping, it
mitkes rapid water absorption. followed by the slow rate of
absotption until grains reached 1o the equilibrium state. After 5
ot of steeping time, traditional paddy varieties displayed
dhut 29-30% of peak moisture increment. Time ol steeping
and varietal difference is influenced on the moisture absorption
capitity. The water absorption  capacity was  highest in
Sisvendell and the lowest was Nalawanu.

Katenvany was the traditional paddy type having highest
length. width, thickness, thousand grains, geometric mean
diameter (GMIDL), surfaee area, volume, sphericity and aspecet
citio. Mangimuttan and Siwandall were the varieties with
lnwest geometrical mean dimmeter (G.M.D.), surface area and
volumes and these physical properties were almost similar
hetween these two varieties. While lowest sphericity and aspect
virtio were recorded by Hangomutan.
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