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ABSTRACT

Physico-chemical properties of milled rice grains of 13 japonica varieties
were evaluaied. The rice varieties differed in appearance. One sample had -
long graing (6.61 mm), two had short grains (5.27-5.32 mm) and the rest had -
grains of mediuni length (5.52-6.55 mn). The shape (lengrh/width) of grains
varted from bold ¢ 1.58-1.9) to medium (2.06-2.37). The protein conteni veis
ligh in all sconples (7.82 10 9.72% on dry mass). Almost all, with exception of
one culrivar !«’Fs‘uwn‘/\'u), w/zir/z /zac! inicrnzedialf’ amy/ovc conent (”5’ 3%),
\“(/i‘h?:‘{\/.s(’l)! I/AJ o 32,5 min. 51,2/72’/1{(1/11 uurc/allmz.s (P < O,()J) were (A\[ab_ ;
lished benveen some physico-chemical characieristics of evaluated rice culfi--
vars. Elongation during minimum cooking time was correlated with protein.
content (= 0.6899), shape (-0.7137), thickness (0.7234) and width (0.9134)
of grains. The rice flour paste viscosity correlated significantly with shape
(0.6148) and length (0.7353) of grains. On the basis of the established resiuliy,
inwas conclided that appearance of milled rice could be used as indicaior for-
predicting gelatinization behavior: elongation ratio (length after mininum
cooking fime/length of the grains) of the rice grains and viscosity of rvice flour ;
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PRACTICAL APPLICATIONS

Results from this research constitute a useful tool to predict the gelatini-
zaton behavior of milled grains and flour of juponica rice varieties, on the
basis of grain appearance. The appearance is critical in acceptability of rice
varieties by the consumers. The possibility to predict rice grain behavior
during cooking on the basis of.its appearance could be an_'additimml attribute
or magke! value for consumer cholce. The results could be used in selection of
rice variety for rice grits or flour production and use:in special applications,

INTRODUCTION

Rice grain quality is a multidimensional property and includes cooking,
cating and nutritional characteristics. However, rice appearance is a very
important criterion for the choice by consumers. Tt usually makes a simply
visual preference character although does not affect nutritional quality. A high
imbibitions ratio of the cooked rice is another preferable attribute. In essence,
the gelatinization behavior of tice 13 very important for both consumers and.the
food industry. The overall cooking behavior and texture of cooked rice. as well
as its product characteristics, are fargely determined by rice grain quality
described by physical and chemical characteristics. The factors that influence
gelatinization properties of both rice grain and four include: the size and shape
of the starch granules, amylose content, chain length and degree of crystallin-
ity in the amylopectin fraction, and possible placement and content of protein
and Tipid associated with the starch granuie (Hamaker and Griffin 1993).
Starch gelatinization is an irreversible process and includes. granule swelling,
native crystallite melting, loss of birefringence and starch solubilization (Yeh
and Li 1996). 1t is found that swelling is characterized by an initial phase of
slight swelling, a second phase of rapid swelling and a final stage in which
maximum swelling of starch granule is reached (Tester and Morrison 1990).
Bused on viscosity structure relationship. it is pointed out that gelatinization of
concentrated starch solutions is a two-step process consisting of initial swell-
ing of the granule and its eventizal digruption/dissolution (Kokini ef al. 1992).
The swelling is primarily a property of amylopectin, while amylose acts as a
diluent. During swelling, at first internal structure of the starch granule is
disrupted and amylose leaches from the starch granule. In the second step,
dissolution of starch molecules in hot water occurs and a viscous solution is
formed (Ziegler et al. 1993). With the temperature increasing from 35 to 55C,
the size of starch granules increases slightly. However, at 65C, a dramatic
mcrease in the size of starch granules occurs. The maximum increase of starch
granules during swelling usually is reached at 75C. Above 75C, disruption/
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dissolittion of the starch granules proceed. The lower gelatinizarion fempera<
fures are assoctated with a concomitant reduction of cooking time (Marshalf
1992 Accorn (1996), the disruption of starch sranules
ceeurs mainly at temperatures between 70 and 77.5C and almost no starch
granules are disintegrated below S5C. The viscosity of rice flour hot-paste is
mnphonly related to gelatinization behavior of starch granules. The methods
commonly used (o measure the extent of gelatinization are: differential sean- :
ning calorimetry, light microscopy, enzymatic analyses and viscomefry
i

(Hamaker and Griffin 19931 Seow eral. 1996; Yeh and Li 1996). Paste

i3

viscosity differs among rice varicties and certain viscosity parameters well .
correlate to cooked rice texture (Hamaker and Griffin 1993). Studies on floar
paste viscosity mdicated that proteins specifically associated with the rice
starch granules seem to control the extent to which the gramales swell and
gelutinize when heated in the presence of water (Hamaker and Moldenhaner -
[991). Amylose content has been identified as the major determinant for
cooking and cating quality of rice (Juliano 1984). Tetens ez al. (1997) con-
cluded that physico-chemical characteristics of milled rice are the simplest
indicators for rate of starch availability from milled rice. They found that the ©
widths and shapes of the raw grains and the clongation after cooking correlate
signtficantly with starch digestion index. ‘ R S
The objective of this study was o establish some physico-chemical prop-
ervies of milled vice and o identify some properties, which can be used as
indicators for predicting gelatinization behavior of milled rice and rice flour

MATERIALS AND METHODS

samples ;

The 13 rice varieties (two short, 10 medium and one long grain) used in.
the study were grown at the Research Field for Rice of Kochani, of the
st onomy of the “Ss. Cyril and Methodius University,” Skopje, R.

A i tharvested in 2005). Some of these samples (Monticelii, Montesa,
San Andrea, R 70/6 and Prima riska) were Ttalian cultivars culiivated m R,
Macedonia, while the rest (No. 51, Ranka, No. 69, Osogovka, Biser-2, R 76/6,

o Dirago and Kochansky) were domestic cultivars obtained with cross’. 2
breeding. The rough rice samples were stored 4 morths before milling at
ambient emperature. ‘

Preparation

Paddy (50 ¢y was dehulled and milled 1n one step process, in laboratory -

1

mint mill (P Minghetti-Construzioni Meccaniche Vercelli, Italy). to 12% .
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degree of milling (weight of bmn/[w eight of milled grams + weight of bran]).
The milled grains (whole and broken) were removed by hand from the blend.
while the hulls and bran were separated by sieve with opening of 1 mm. Milled
rice samples were kept in closed jars, at ambient tt:mpuatme for 3 months
until analyses were conducted. Glrmns were ground-to flour in a coﬁcc mill
with a mmw knife. The particle size distribution was determined using a set of
sieves with 0.2, 0.125, 0.100 and 0.025 mm openings. About 30-32% of the
particles were smaller than 0.025 mm, 28-33% were in the range of 0.025-
0.Fmm and about 35-42% were of size between 0.1 and 0.2 mm; only 0.1—
0.2% were larger than 0.2 mm. o

Physical Characteristics

The length, width and thickness of milled ric:é_ were measured on 30
unbroken grainy using slide calipers. The grains could be classified into five
categories based on their length: extra short, short (<5.5 mm), medium (5.5~
6.6 mm), long (>6.61 mm) and extra fong (>7.5 mm) (Jennings et al. 1979).
The ratio of length to width (length/width = L/W) gives the shape of the grain.
According to the shape, the graing could be classified as slender (>3.0),
medium (2.1-3), bold (1.1-2.0) andl rfound (<1.1). The elongation and changes

of the shape during cooking were dclu mined on 10 grains in duplicate, cooked
in boiling tap water for 15 min, a nd time denoted as minipum cooking time
(MCT). The length and width of grains evaluated for ¢ longation ratio were
measured before and after cooking as projections of the grains on over hcj.ad.

MCT

The MCT was established by subjective evaluation. -‘Ten grains were
cooked (15 min) in 100 mL tap water and their translucence was determined
(Marshall eral. 1993). The time ‘of each successive batch of cooking was
prolonged for 20 s until all of the kernels were comp ctdy translucent. The
procedure was repeated three times -

Alkali Spreading Value

Alkali spreading value was détermined by the method of Little ef al.
(1958). Six milled kernels (without cracks) were arranged with enough space
bd\\ een them in a glass beaker (100 mL volume, diameter 48 mm, covered
with a Petri dish lid) were soaked with 10 mL of 1.7% (w/v)KOH for 23 h at
30C. The kernel's appearance and disintegration were visually apj )uscd and
numerically scored using a scale of 17 for the following classification: 1-3
points for essentially unaffected grains by the alkali wreatment (chalky kernel
and powdery. cottony or cloud} \,Ohdl ) andthey were accepted as grains with
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hig

¢h gelativization tenaperature: 4-5 points for grains with' partially spread

&

!
endosperm (center coltony. L()”d' cloudy or clearing) and marked as graing:

with intermediate gelatinization temperature, and 6-7 points for completely

dissolved grams in alkali solution (center cloudy or clear and collar clear) and

they were termed as grains with low gelatinization temperature. The gelatini-
zaton temperature of milled rice ranges from about 55-79C and is divided into -
{
(

Jernings el al. 1979,

Pasting Characteristics

The Brabender peak viscosity, onset temperature (To) and maximal tem- "
perature (Tmax) of gelatinization, and paste stability were determined at 10%
concentration of rice flowr (50 g flour in 450 ml. salt water) in Brabender
Amylograph (Brabender GmbH, Duisburg, Germany) (Hamaker and Griffin
1993). The temperature was increased in 1.5C/min incéements until maximum
v mcmm \x as attained, and then viscosity was allowed to decrease for at kastv

100 AU The procedure was triplicated.

Chemical Characteristics

Amylose content was determined by a modified colorimetric method’
of  Chrasul  (1994). Rice dour (16 mg), previously defatted with
chioroforny : methanol (2:1. v/v) by the method of Foich eral (1957) and -
particle sizes lower than 0.1 mm was placed in a 5 mL flask, and then 0. M
NaOH (3.5 mL) was added. The suspension was heated. for 30 min in-a~
vigorousty boiling water bath. cooled and made up o exactly 5 mb with 0.1 M.
] i Two hundred microliters of mc prepared solution were pipetted into

Pl

NaO

5wk of 0.5% wichloroacetic acid (TCA) placed in a 10 mb test tube. The
solution was mixed. and 0.05 mL of a 0.01 N I/KI solution (1.27 ¢/I.. I,
plus 3 e/l ki) was added and mixed meedmlely The dbsm bance was read
after 30 min at 620 nm versus H,O in Hewlétt-Packard (Germany) U V-
spectrophoiometer. Amylose content was estimated of r,tanclaxdi,nxu. prepared
with pure potato amylose. Protein content was determined by micro-Kjeldahl -

hree main groups: low (<70C). intermediate (70-74C) and high (>74Cy

method and caleulated as N < 5.95. The experiments were three fimes repeated. =

All chemicals were analytical grade regents provided from Merck (Germany).
Statistical Analyses

Depending upon the analyses, three or more replications wmc conducted
g completely randomized design. One- way analysis of vafi A LC (#\NOVA)’
and Duncan multiple range test were used to see differences armong various
groups. Significance was assumed at 5%. Pearson correlation coefficients were
caleulated for all investigated properties (Pezullo 2007). '
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RESULTS AND K)ISCUSSIGN

All mvestigated rice samp lcs ;wuc, |monud~v arieties. Physical, chemical
and pasting characteristics of the’rice varieties, given as mean values with
standard deviation are presented in Tables 1-3. ' o

Appearance of the Milled Grains 7 =

The milled grains of the evaluated rice varieties differed in appearance,
Table 1. The milled grains v: aried” th in Iengih (Lo s width {Wo) and thick-
ness (Tho). The appearance of mJ_.cd rice is very mportant to consumers. 1t
usually makes a simply visual pxe,i énce char ac,icrxsm, although it does not
affect nutritional quality. The le rrains of different rice
\amms varied in the range of ~6.61 mm, their width in the range of

3.11-3.46 mm. while the thickness in the range of 1.95-2.33 mm. However,
dumdmdm the standard deviation differences were also identified among the
grains of the same cultivar. According to the mean values of the length, rice
cultivars No. 51 (5.27 mm) and Ranka (5.32 mnm).could be classified as short
grain, while only one cultivar, Kachanski (6.61 mm):as long grain. Most of the
LL‘h‘\ms(\formu Hi, No. 69, Osogovka, Montesa -2, San Andrea, Prima
riska, R-76/6, Nada-115, and Diado‘ w;th fengthifrom5.52 to 6.55 mm were
classified as medium gram. How ver, with on «‘a'ay ANOVA and Duncan
multiple range tests, it was found ﬂ yme grains.of Cultwm Dmgo were long.
According to the values of the shap ratio of ke nﬁtn to width (Lo/Wo), most ot
the rice varieties were with beld ﬂmms Onlv three cultivars (Nada 11
Koclmnsk) and Drago) had a medium ,shape which ratio of Lo/Wo was 2 ()6
2.09 and 2.37, respectively. The résulis also have shown that some varieties are
\mh very similar shape or shapes, which did sot: differ. swmﬁcdnll) San
Andea. Prima riska and R 76/6 wexe vety similar among 1hcmxcivcs as well as
Montesa and Biser-2, or No. 69 and: Oxoaovka,' timeans it is not easy (o
recognize which rice varieties the caliy belong 1o au‘mdmO to their appear-
ance, Jennings ef af. (1979) Icponed that those people who prefer japonica rice
almost always like short graing: however, Europeans prefer japonicas with
medium to medium long grains : nd demand 4 sicndvr 10 medium width rice
grains, ;

i

e

Swelling Power and Cooking Tj

me

The most important characte ¢ of rice i its by h_avmx during cooking.
According to Tetens eral. (1997, hé minimum -cooking ‘time of modern
Bangladesh rice varieties is in the range of 14.1-26.0 min. This wide range of
varialion in minimum cooking nmp among the rice varieties was the main
reason why, at first, the changes of | _cngth and width of the grains were
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determined after 15 min of cooking:(L15, W15); d then after attaining a
minimum cooking time (Lt, Wt), Table 2. The data used for calculation of
elongarion ratios (1.15/1.0) and (Eb 0) of the grain ‘cooked for 15 min and
time established as minimum for coohum 14‘speauv«:ly ‘The lowest elongation
ratio (1.3) after 15 min of cooking (L15/1.0) was ¢stablished tor the grains of
Nada-115, and the greatest elongationratio (1.79) for grains of Osogovka. The
varieties with shorter grains had agtained a higher ‘elongation ratio during
IS min cooking. The expansion:of the grains (W15/Wo) during 15 min
cooking was less than their elongation, varying i the range of 1.16-1.29.
However. the grains of cultivar Dx}loo h'lVL attained, same values of expan-
sion as well as elongation ratio (I . : '

The MCT for all milled ricé Vatieties was greater han li min and varied
among the coltivars. The shortest. MC! (17.5 min) was established for grains
of cultivar Monticelli, while the !onvmst MCT (22.5 mm) for grains of Ranka.
During prolonged cooking from’ h 111in o (mammg f MCT, additional elon-
gation of the grains occurred. The greatest (2.17) elongation ratio (Lt/Lo) was
‘m,cum,d by grains of cultivar Osogovksa, while the smallest (1.43) elongation
ratio was attaived by grains of cultivar Drago. It has tobe pointed out that the
grains of Drago had negligible increases in elongation ratio (1.43) after MCT
mmparcd to the elongation ratio A2y after 15 min cooking. The grains of
cultivars Osogovka and Drago, although have almost the same MCT, 20.3 min
and 20.5 min. respectively, llcy hd\,c shown wmp]cldy different gelatiniza-
fion behavior during cooking due: to ‘their dxﬂuml du,mx( al composmon

Amylose and Protein Content

All rice samples were varie u,s vmh high pmwn 'umiwts (7.82-9.72%,
Table 3. Generally, the pmu,m conlul among-thestice. varieties is 6-10%
(Morita and Kiriyama 1993). T h;ch pwtun con ;nt in-rice is especially
important when rice flour is usedi_, pfepmmg baby foad ¢r is the main nutrient
source. Rice flour possesses umque nutritional propetties. It is hypoallergenic,
colorless and has a bland taste. Cc mpared with other cercals, rice has a higher
tysine content (3-4%) and more balanced amino acid profile (Shih and Daigle
1997y, However, besides the nutri t1onal value, spcuﬁc protems associated with
the starch granules have some }nﬁuenu on nsweiasnc properties of the
cooked graing and flour. Low protein rice samples. are more tender than high
protein samples of the same cultivar (Hama ker and. Griffin 1993, Kadan ef al.
1997). High protein rice has been shown to dbsmb rat a slower rate during
cooking. It has been hy pOLhcu/ed lhdl more prote rins a - thicker barrier
around the starch granule, thus § owmg water upun ___md reta’rding gelatini-
zation and swelling, LY 5
The properties of cooked mc "mam\ dn‘pend on the amylose content
(Hamaker and Griffin 1993; Ln et a[ 1996). AIlV lose content of the rice
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Varietes v

lnated has varied from 12-23.3%. On the basis of amylose-
content. rice varieties could be grouped into waxy (1-2% amylose). low-
amylose (8-209%), intermediate-amylose (21-25%) and high-amylose (>25%)
cultivars, The estimated rice cultivars, with exception of Osogovka, which was
inermediate-amylose type (23.3% amylose), were low-am ylds_e varieties with
12 10 19.4% amylose. Usually low-amylose varieties are moist and glossy .
when cooked. and tend to disintegrate casily while swollen and-extensively :
overcovked. High-amylose varieties are more rigid and not easily ruptured.
They cook dry and flufty, but become hard upon cooling ( Ic:stm and Morrison:
1990).

Gelatinization Characteristics of Rice Grains and Flour

Alkali test was used as indirect method for estimation of approximate
gelatization temperature of rice grains because it is an indicator of rice
endosperm compactness. It refers to cooking temperature at which water is
absorbad and the xtmgh granules swell irreversibly. According to the results of
atkali spreading test, Table 3, the rice cultivars Monticelli. No. 69 and Biser-2
are with high gelatinization temperatures, cultivars San Andrea and Nada-1§5.
are with low gelatinization temperatures, while the rest of the rice cultivars are.
with intermediate gelatinization temperatures, Comparatively; gelatinization . -
iemperatire was determined on 10% rice flour sturry using a Brabende
Amylograph. The results of Amylograph; Table 3, have shown that only ilour
of cultivar Ranka had an intermediate (71C) onset gelatinizaton temperatare
The fiours of the rest of the rice cultivars have shown lower onset gelatiniza-
ton temperatures (35.5-62.5C). These results are not in agreement with the
data of the alkali-spreading test. An additional gelatinization property, which”
i+ aovery importunt property in preparing food, is the viscosity of gelatinized
rive flour, The evaluated rice varieties could be grouped into thice categories:
zwgmd%z" 2 to the data for Brabender peak. viscosity: with low viscosity-
( No. Sh i\m 69 and Monticelli, with high viseosity (700~

‘ =zxda FIS, Biser-2. Montesa, Kochanski-and Drago, and the rest of
the cuizjx'zu’ﬁ. with the exception of cultivar Ranka, were with very high
VIscosity (=10 ('}ﬁ Yi_?‘). “he flour of Rdn} 1Wd< wnh \uy specxhc low value oi
max viscosity (110 AU, _

The time zmdx 10 decrease maxinmuim vxscosm' for 100 AU daring cons’
tiruous heating of gelatinized slurry. denoted as stability of paste consistency,:
also varied among the investigated rice cultivars in the range 01 1.8-5.5 min.-

Correlation between Physico-chemical Characteristics of. Mﬁ}ed Rice
and its Behavior during Cooking

"EE & ;vsmts of performed correlation analyses betwccn physico-chemical
cs of evaluated rice culiivars are given in Table 4. Significant
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carrelarions (£ -2 0.05) were found among some parameters of milled rice
appearance, their chemical composition, and changes of the grains during-
cooking, The shape of the grains positively correlated with fength (r = 0.89)
and negatively with width (r =-0.83), as a consequence of its ,mlauon (Lof
Wo, but also negatively with thickness (r =-0.72). Between length and thick-
ness of the grains. negative correlation (r=-0.63) was found; however, .

between width and thickness, positive correlation (r = 0.62) was found. ”‘hc;_ i

protein content positively correlated with width (r=0.61)- and - thicknes
(r=10.64), but negatively with shape (r=-0.6). These correlations are vc,d
sitnilar to those found among indica rice varieties by Tetens et al. {1 1997), This :
is usetul imformation to identify varieties of rice richer with proteins. ‘
The rice behavior during cooking 1s a very important characteristic about
consumers and food manufacturers. The results have shown that grains behav-
tor during cooking significantly correlated with some physico-chemical char-
actcrislir\; of niHed ricc A Signiﬁcant positive cm‘relution was found betwecn :

with feng g
during cooking, a part of water is absorbed by the proteins., the ékﬁ»nga’tmn ratio
atter 15 miw of cooking has shown a significant positive’ correlation .with

wnylose (7= 0.61) and protein (1 =90.65) content. The shape of the grains after
I“» min < gcmkmg was positively correlated only with amylose content
(r=0.63). The elongation ratio {1L4/Lo) attained during minimum cooking time-
has shown @ significant positive correlation with the width (7= 0.88) and

thickness (7 \} 73y and negative correlation with the shape of the grains
(r=-0.74). The correlation of elongation ratio (Lt/L.o) with protein content.

{r=1{.09). dnd also with elongation ratio after 15 min of cooking (r = 0.77y1is"

very important. Similar positive correlations were found between elongation

ratio of Bungladesh indica rice varieties -ahd width and pmtem content by
Tetens eral (19973, Based on the above-mentioned finding. 4t can be con-
chaded that amylose content has an influence en-elongation ratio after 15 min
of cooking, but not on the elongation ratid attained during minimum cooking
rime. host probably during 15 min of cooking and swelling of starch granules, - -
amylose was completely dissolved. The résults (Table 3) have shown that the .

evaluated rice cultivars, with exception of one (Osogovka) are with low "

amvlose contents. After dissolving of amylose, penetration of water is facili=
tated, and in general swelling of proteins contributed to additional elongations. |

of rice grains. As a result of that. elongation ratio (Lt/Lo) -after pr()l'ongedf g

cooking from 13 min o minimum cooking time correlated only with protein - ¢
yent, ihnuoh it is well known that high-protein rice absorbsmore water”

il sl(m rrate and has prolonged cooking time (Kadan eral. 1997}, among

evaluated rice cultivars, any significant correlation between protein comtent
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CHARACTERISTICS ()l— MIL LE D }\1(_}: (JR.A]\LS AND Gh AI'}NMAH()‘\I PROPH\HFS OF

Variable k [ 'J,b Viscosity Paste
- stability

Length, mm LT 0.74% )28
Width, mm 0.34 ~(1.28 } 0.15
Thickness, mm o 0.56* ~—{0.48 ~0.25
Shape, (length/widihy R R 061 0027
Elongation ratio after {5 min cooking 029 ; 041 oo 023
Shape tlength/widih) after 15 min voal\mg, 0540 034 -0.03
MCT), nmins i 0.33 . =016 ~(0.45
Elongation ratio after minimum time of cog 021 =047 013
Alkali spreading value (ASV) test (number L0534 - 041 ~0.14
Amylose (%) Good =047 0.28 0.25
Protein content(e/100 dm) R 0.52 ~0.47 S—0.02
To (i - 100 =0.91* ~0.24
Ty (Cy T e o ~075% =006
Viscosity (ALh 100 0.02
Paste stability {(mins) ST 00
# Significant at P < 0.05. . .

MOT, mintmuwn cooking time; To, onsct te : ml‘c;.’f]"x.rmx« i mperature.

spreading value sigiifi-
0.57) dnd negatively
ipe has positive influence
xtarch swelling; however, proteins associ-
~ ording to Hamaker and
le-to disruption.

and minimum cooking tme wag not found. Alk
canlly correlated with the shape’of the rice grdm'
with protein content (r = —0.64). {n c,ssc:nnal the-s
on the rate of water absorption an
ated with the starch granules by dist
Griffin (1993). make the swollen: I 4nu}uk,sr, SUS

Correlation between Physicochemical Cha racteristies of Milled Rice

and Rice Flour Gelatinization Béhévior -

Generally. most of the rice is uomumad as coakcd grain. However, in
recent times, there has been a src:czd) increase in. nev' ‘processes and products
involving rice flour as an ingredient, It imposes know ledge of relations
between physico-chemical properties of rice graing and gelatinization behav-
ior of flours. The onset gelatinizatio ] mmpeutuw ;i ,ucglﬂ_ouxs havc shown
significant positive Londdnon w’ hr ‘
fength (r=-0.57) of milled gfams
informed that long grain varietie gcnudﬂy thL hi t dmy}osc contcnl and
gelatinization temperature. However; evaluated flours: prepared of rice variet-
ies with longer grains had lower onsu temper: am;c 0;( gddam/auon but flour
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of thicker rice graing had higher onset temperature of gelatinization. Viscosify
o.i' ace Boar shurry has shown a significant positive correlation with the fength

=0.74) and shape (7= 0.60) of the rice grains and high negative {.QJI&.MUOH :
w 'Eh onset (Toy and masimum (Tmax) gelatinization terperature (r = -0.91 a3
and = 075y, respectively. Hamaker and Griffin (1993) in comparing of three

J

rice varieties. with short, medium and long grains found that v xsc oSy Was - .

higher in Hom of long grain rice, ‘
Most of the evaluated rice varieties were with medium lcng[h The pow :

tve cotrelation of Hours viscosity with lengths of the grains indicated that‘
good paste consistency could be achieved with lower quanmy of flour if itis’
obtained from rice cultivars with longer grains. Reasonably, the temperaturas
of max gelatinization positively correlated with protein content (r = (.65). -
There was no significant correlation between stability of paste consistency and
any of rice physico~-chemical characteristics found.

The above-mentioned results suggested obtaining of guantitative rela- -
tions as equations of the first order (Eqs. 1 and 2) for predicting of elongation -
"zu‘io of rice grains, and viscosity of the rice flour during cooking, on the base

i physical characteristics of milled rice grains. ' i

Elongation ratio (Lt/Lo) = —1.425 + 0.996 Width (7 = 0.8806) (1)

Viscosity (AU) = — 1,671 + 418.06 Length  (r = 0.7353) )

tvely good correlation of the predicted equations with adeqguate - :
ph}.f:\;is.‘ai characteristics of the wmm } 1ave shown that appmmnu of xml!cd Jmc_f

- graing msd loLu Jmmv L.OO}\IH”

CONCLUSIONS

Fvaluated rice samples were japonica varieties. Differences in physico-
chemical dm acteristics of different rice varieties were observed. They had™
high protein (7.82-9.729%) and low amylose (12-19.4%) contents, except one
ciiftivar that imu an intermediate amylose content (23.3%). The correlation
analyses have shown good correlations exist between some characteristics of
milled vice grains and elongation ratio of the grains as well as vmcosuy of me_ ;
flour during cooking.
Onthe basis of this results could be concluded that appearance of milled ,

rice gratns could be used as indicator for predicting their clongation ratio and
viscosity of flour during cooking. It means that during cooking of grains with :
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greater width, a larger elongation 5 uuld he Obwl ed, and pd%td with higher
viscosity could be expecled du:nw .cooking rice: ﬂoux p«oduucd of longer
arains, W -

These results indicate that (hﬁuem amounts 01 rice ﬂom are needed for
preparing paste with aapxoprmm good consistency. Thus, the length of grains
could be used as criteria in selection’of rice variety for flour production. For
special applications with lower quanutv of rice flov ioblfmmd from rice vari-
eties with Tonger grains would give pastc with c,nou\fh‘oood consistency.

o
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