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ABSTRACT

Physical propertiesplay vital rolein quality characterization, selection and
process suitability of different raw materials for the design of different
types of equipments. Promising exotic rice cultivars of Pusa Basmati-1,
Katarni, Tuls Phul, Sarbati, PR-106, OR-10-112 and Parmal were selected
for the present study. Theserice cultivars were having moisture content in
the range of 9.67 to 13.15% on dry weight basis. While the dimensional
comparison showed that OR-10-112 was the longest and Tulsi Phul was
the shortest in length, the average transverse dimensions were highest for
PR-106 smallest for Katarni. It was seen that among all the varieties Katarni
was the thinnest. The other properties which include, sphericity, porosity,
aspect ratio, angle of repose and coefficient of static friction differssignifi-
cantly and cultivar dependent, which has paved the way for dimensional
quality characterization through image analysis of selected rice cultivars.
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INTRODUCTION

Riceisthemember of the Gramineae (grassfamily)
andisclassifiedinthegenus Oryza, whichishaving
two common domesticated species of rice as
O.sativa and 0.glaberrima. O.sativaisthemost com-
mon and often cultivated plant. Thestarchy kernel of
thisplant isused asa source of nourishment for over
half of theworld’s population, thus, making it second
most cereal grain. Riceisarich source of carbohy-
drates, niacin, pantothenic acid and someof theminer-
als. Rice being staplefood provides more than one-

fifth of the cal ories consumed worl dwide by humans.
Studies have been done on the rel ationshi ps between
physical propertiesof brown rice and degree of mill-
ing®. Effect of soaking and phytasetreatment on phytic
acid, calcium, ironand zincinricefractionswasinves-
tigated by!®. Physical propertiesof cereal grainswere
studied®. Investigationsweremade ontheeffect of rice
kernel microstructure on cooking behavior™, Studies
have been done on effect of processing on hydration
kineticsof threewhesat products of the samevariety!™.
Modding changesinmilledrice(Oryza satival.) ker-
nel dimensionsduring soaking by imageanaysiswere
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studied®. Under present study considerationswere
madeto comparedifferent ricevarietieson thebasisof
physica characteristicsso asto eva uatethe suitability
forimageanayss.

MATERIALSAND METHODS

Pusa Basmati-1, Katarni, Tulsi Phul, Sarbati,
PR-106, OR-10-112 and Parmal rice cultivar were
procured from local market of Bhagal pur, Bihar and
Sangrur, Punjab. They werecleanedinan air classifier
toremovelighter foreign matter such asdust, dirt and
broken small kernels. Theinitiad moisturecontent of the
rice varieties were determined using hot air oven
method(.

Physical Characteristics. Thelinear dimensionsof
thericevarietieswere measured by using three magjor
perpendicular dimensions, length (L), width (W) and
thickness(T). Thephysicd dimensonsweredetermined
randomly measuring thelength, width and thickness of
100ricekerndsusingdid typevernier cdiper (Mitutoyo
Corporation, Japan) having least count 0.02 mm. The
geometricmeandimension (D) of ricekerndl wasfound
usingtherelationship given by as:

Do =3LWT @

Thecriteriaused to describethe shape of the seed
arethe sphericity and aspect ratio. Thus, the sphericity
(S) wasaccordingly computed™ as:

JLwT
L

Theaspect ratio (R) was caculated (Maduako &
Faborode, 1990) as:

Sp=

x 100 @

R, =¥x100 3

The surface area(So) of kernelswere cal cul ated
usingtherdationship (Egn. 4) given by McCabeet al.
(1986):

S, =nrh 4

Themassof thekerne swererecorded using el ec-
tronic balance (IshidaCo. Ltd., Japan) to an accuracy
of 0.001 g. Thetrue density isdefined astheratio of
mass of seed to the solid volume occupied®. Theker-
nel volumeand itstrue density was determined using
liquid displacement technique. Toluenewasusedin pite
of water so asto prevent the absorption during mea-

surement and al so to get the benefit of low surfaceten-
sion of selected solvent!™>11, Kernel density wasevau-
ated using the methods suggested by*®. Thebulk den-
sity istheratio of mass of asample of akernel toits
total volume. The porosity (g) of bulk kernel wascom-
puted from thevalues of truedensity (p,) and bulk den-
sty (p,) using therelationship (Egn. 6) given by!*! as:

Pt —Pob
€= x 100
Pt ®)

To determinethe angle of repose, acylinder (50
mm diameter and 60 mm height) waskept vertically on
ahorizontal galvanized metal floor andfilled with the
sample. Tapping during fillingwas doneto obtain uni-
form packing andto minimizethewall effect if any. The
tubewas slowly raised abovethefloor so that whole
material could dideand form aheap. Theheight of
heap abovethefloor and thediameter of thehegp at its
base were measured and the angle of repose (¢) was
determined using thereationship” as.

1 2H
o (6)

Where, ¢ istheangleof reposein degree; H isthe
hegp abovethefloorinmmand D isthediameter of the
heap at itsbasein mm. The satic coefficient of friction
u wasdetermined for two structural materiadsnamely
glassand galvanized stedl sheet. A plastic cylinder of
50 mm diameter and 60 mm height was placed on an
adjustabletiltingflat plate faced with thetest surface
andfilled withthesampleof about 100 g. Thecylinder
wasraised dightly so asnot to touch thesurface. The
structurd surfacewith thecylinder resting onit wasin-
clined gradually, until thecylinder just started to dlide
down. The angle of tilt was noted from a graduated
g:a| e[2’3’12].

All the above experimentswerereplicated and the
averagevalueswerereportedin TABLE 1.

¢ =tan

RESULTSAND DISCUSSIONS

A summary of the resultsfor all parameters are
shownin TABLE 1. Thegraphical representations of
thephysica propertiesof thericekerndsareshownin
Figure 1& 2. The average value for moisture content
(dry weight basis) was lowest for OR-10-112 with
9.67% and highest for Sarbati with 13.148%. The
moi sture content eval uated can help to suggest thesta
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TABLE 1: Physical char acteristicsof exoticricecultivar

Rice cultivars

Physical
characteristics Pusa Katarni  Tulsi Phul  Sarbati PR-106 OR-10- Parmal
Basmati-1 112
Length, mm 7174039  533+033 4.22+0.17 7.02:045 6.39:0.29 8.29+0.61  7.08+0.37
Width, mm 1.74+0.11  171+0.15 1.79+0.08 1.73+0.12 2.12¢0.05 1.86+0.13  1.92+0.12
Thickness, mm 152+0.08  1.46+0.09 147+0.04 149:0.11 1.69+0.04 154+0.13  1.62+0.06
gfnoggtgrf Tn?';“ 266£0.07  2.36+0.12 223:0.04 2.62+0.12 2.84:0.07 2.87+0.17  2.80+0.09
True density 1.2740.03  1.14+0.003 1.32+0.03  1.39+0.04 1.27+0.011 1.2¢0.003  1.07+0.03
Bulk density 0.82£0.01  0.83t0.006 0.86+0.01 0.83+0.04 0.83+0.004 0.82+0.32  0.82+0.005
Porosity, % 35.00£1.61  27.6240.74 35.27+0.99 41.42+1.30 34.60+0.63 31.94+1.61 22.97+2.44
Sphericity, % 3850233 44.76+2.99 52.93+1.93 37514232 4520+1.84 34.66+037 39.58+2.11
;2100 kel weight, 14311050 10.08:0.18 7.95:0.13 1343057 17.13t039 20.37+0.73 16.44+0.51
Aspect ratio 25.84+2.36 33.31+4.62 38.86+2.26 24.82+2.47 34.21+2.22 2243+1.57 27.11+2.42
Angle of repose, ° 36.52£0.95 4353049 43.52+0.49 21.43+032 21.16+0.42 20.14+0.56  25+1.57
Coefficient of
friction
Plywood 0.32¢0.01  0.32£0.009 0.33+0.004 0.34+0.011 0.31+0.013 0.29+0.004 0.36+0.01
Glass 0.29+0.02  0.24+0.004 0.27+0.015 0.30+0.009 0.31+0.009 0.29+0.011 0.19+0.011
Steel 0.28:0.003  0.25:0.007 0.28+0.007 0.27+0.005 0.26+0.004 0.27+0.003 0.28+0.008
o mlength  width  mthickness bility during storage of kernels, ashigher moisture d -
t evatetherisk of spoilage.
E Thelongitudina dimension (L) showed that OR-
2] 10-112ricevariety waslongest with8.29 mmand Tuls
E s Phul was shortest with 4.22 mm. Transverse dimen-
S LI ‘ sion (W) of thekernelswas highest for PR-106 with
o 4 __m — . : = . "

Basrmati Hatarni Tulsi Phul Sarbati PR.106

Figurel: Comparison of length (L), width (W) and thickness
(T) of ricecultivar
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Figure?2: Comparison of aspect ratio (A) and sphericity (S) of
ricecultivar

2.12 mm and smallest for Katarni with 1.71 mm as
clear inthegraphical representation (Figure 1), wheress,
PR-106 was found thickest and Katarni as thinnest
with 1.69 mm and 1.46 mm, respectively. Although,
Mohsenin (1970) had effectively highlighted theimpera:
tivenessof theaxid dimensionsinmachinedesign, the
comparison of thedatawith existing work on the other
seeds can be sufficient in making symmetrica projec-
tionstowards process equi pment adaptation.

The sphericity of the different rice varieties are
showninTABLE 1withthehighest vauefor Tuls Phul
and lowest value for OR-10-112 with 52.93% and
34.66%, respectively. The aspect ratio islowest for
OR-10-112 with 22.43%. Thelower sphericity value
thussuggeststhat the kernd stend towardsanon-spheri-
ca inshapebeng cylindrica inshape. Thusthevalues
of the aspect ratio and sphericity generally indicatea
likely difficulty ingetting thekernelstoroll. They can,
however, dideontheir flat surfaces. Thistendency to
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either roll or dideshould be necessary inthe design of
hoppersfor milling process.

Thetruedengty of different ricecultivarsreveded
that Sarbati had the highest valuewith 1.39 g/ml. The
porosity of the kernels was a so highest for Sarbati
with 41.42% and lowest for Parmal with 22.97%.

Thefrictiond propertiesarethe angleof reposeand
the coefficient of saticfriction. Theangleof reposewas
thehighest for Katarni with 43.53°and smalest for OR-
10-112 with 20.14°. Thisphenomenonisimperativein
thefood grain processing, particularly inthe designing
of the hopper for milling equipment.

Thecoefficient of staticfrictionfor thekerndswas
determined with respect to plywood, glassand galva-
nized steel sheet. Their valueshavebeen clearly inthe
table.

CONCLUSION

Themoigurecontent of promisingricecultivarsrange
in 9.67 to 13.15% on dry weight basis. Existence of
variability for different physica propertiesamongthe
selected varietiesof ricecultivarsmakesthesevarieties
aguitablesubstratefor quality characterization through
imageandyss.
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