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ABSTRACT

Most of the rice produced in Portugal is of the Carolino type, botanically
classified as Oryza sativa ssp. Japonica. Nowadays, thisriceisplaying a
vital rolein Portuguesericetrading, and therefore the aim of thiswork was
to evaluate some cultivars as to biometric characteristics, water uptake
ratio, cooking time and textural properties.

Five types of Carolino rice were collected for analysis. Biometric
characteristics (Iength, width, length/width ratio) were eval uated using an
automatic biometric equipment. Other morphological characteristicswere
evaluated: whitevitreous, total whiteness, vitreous percentage, percentage
of chalky area and kett (using a colorimeter). Texture was evaluated on
compression by texture profile analysis with a texturometer.

The samples studied showed biometric characteristicsto be commercially
classified as long grains type-A. The results indicated that one of the
sampleswas quite different from the others, presenting less adhesi veness,
and lower hardness, springiness and cohesiveness. Also some differences
were found between different rice samplesregarding colour characteristics,
cooking time and water absorption. © 2016 Trade ScienceInc. - INDIA
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INTRODUCTION

Rice(Oryzasativa L .) isoneof themost important
cered scultivated worl dwide, constituting thebasicfood
for alarge number of human beings, sustaining two-
thirds of theworld population-3. Riceisoneamajor
cereal crop, which has an important role in human
nutrition, beingrichin fibreand antioxidants*®. Rice
starchisparticularly important for determination of
cooked rice quality and nutrition based on its
physicochemical propertiesand digestibility®.

Carolinoriceisoneof themost popular cultivarsof
ricewidely consumed in Portugal, and it belongsto

Japonicasubspecie. Grain-typepreferencesvary among
consumer groups. Themarketing valuesof riceasan
agriculturad product depend onitsphysicd quditiesafter
harvesting. The percentage of wholegrainisthe most
important parameter for therice processing industry,
related with acommon demand of al rice consumers,
that thegrain, or head rice, must bewel| polished and
unbroken. The polishing processaimstoimprovethe
physica propertiesaswell asthe sensory charectaristics
of rice, and & thesametimeincreasingitsstaibilty during
storagel®-'1.,

The geometric structureand weight of ricekernels
determinethephysical characteristicsand typesof rice
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grains (shape, volume and density). Grain shape,
consdering thelength and theratio of kernel lengthto
kernd width, isused by thericeindustry in Portugd to
classfy riceinto threetypes.short or round grain (length
<5.2mmandlength/widthratio < 2.0), mediumgran
(length between 5.2 and 6 mm and length/widthratio <
3), andlong grainriceexisting intwo groups, onewith
length > 6 mm and length/width ratio of 2-3, and other
with length >6 mm and length/widthratio < 323,

The economicvaueof ricedependsonitscooking
and processing quality, which canbemeasuredinterms
of water uptakeratio, grain elongation during cooking,
solidsin cooking water, cooking time and texture
properties. Furthermore, consumers’ choice of rice
varietiesislargely based on grain and cooking qualities.
Rice quality differs according to the variety and
processing method used. The differencesin quality,
which aremainly attributed to differencesin colloidal
structure and the extent of swelling of any variety of
rice on cooking have always been used as index of
qualityt,

Withinanindividua rice particle, various processes
occur during cooking. The heating, water uptakeand
swelling of the rice particle, al involve diffusive
processes™®. Whenwaeter ispresent at sufficiently high
temperatures, the starch undergoes a gelatinization
transformation. Many rice studies have concentrated
on the soaking of ricegrainsat fixed temperaturesor
the parboiling process. For temperatures bel ow 50°C,
the grains absorb a limited amount of water up to
approximately 30% moisture content (wet basis). The
resulting grainsare not cooked becausethe starch has
not undergone gelatinisation!*®, From common
experiencewithsmal samples, itisknownthat soaking
rice grains in water at 25°C for about one hour is
required before cooking at temperatures above 70°C
for 20 minutes or more. Aswater istaken up by arice
particle, the starch granules undergo agelatinization
process, theterm generdly used to describetheswelling
and hydration of thegranular starch*.

The objective of this work was, therefore, to
evduatefivecommercia Carolinoricecultivarstraded
and consumed in Portugal, in relation to biometric
characteristics, water uptakeratio, cooking timeand
texture properties.
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MATERIALS& METHODS

Sampling

Fivetypesof Carolino ricewerecollected fromthe
Portuguesetrade market, and they were coded witha
number (the cultivar list was not revealed due to
confidentiality). Flours were produced for texture
measurements using a SK 100 Cross Beater Retsch
hammer mill withal mm sieve. After, they weresieved
througha0.5mmseve.

Biometric characteristics

Biometric characteristics of al rice grainswere
evaluated, using an automatic S21 (LKL, Brazil)
biometric equipment and a C-300 (Kett, USA)
colorimeter. Theevduated characteristicswerelength,
width, and length/ width ratio. Other morphological
characteristics were evaluated: white vitreous, total
whiteness, vitreous percentage, percentage of chalky
areaand kett. These determinationsweredoneusing
anautomatic S21 (LKL, Brazil) biometric equipment
and aC-300 (Kett, USA) colorimeter. An average of
700 grainsfor each cultivar wereanalysed regarding
thesecharacteristics.

Cookingtime

This was determined according to Oko et al.[*4
methodol ogy with some modifications. 50 g of whole
rice kernel sfrom each samplewere boiled in 500 ml
distilled water. After 10 minutes 20 kernels were
removed at one minute intervalsuntil cooking. The
cooking timewasfinish when cooked ricewas pressed
between two glassplates until no white corewas| eft.
Thisprocedurewas donethreetimesfor each sample.

Water absorptionratio

Thiswas determined a so following the procedure
described by Oko et al.* with some modifications.
100.0 g of wholericekernelsfrom each Carolinorice
samplewere cookedina1000 ml distilled boiling water
bath. The cooking time for each sample was in
accordance with the cooking timea ready determined.
After cooking, the samplesweredrained by removing
thesuperficid water from the cooked rice. The cooked
sampleswerethen weighed accurately and the water
uptakeratio wascd culated astheratio of fina cooked
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weight to uncooked weight.
It was also measured the water absorption ratio
after 13 minutesboilingfor al thearomaticricesamples.
These procedureswere donethreetimesfor each
sample.

Textureproperties

Thetextureprofileandysis(TPA) for aromaticrice
gelswas made by atexturometer (TA.XT.Plusfrom
Stable Micro Systems). The rice samples were
prepared according to CEE Regulation n.© 2580028,
and a cake with 4 cm high and 5 cm diameter was
shaped inside aspecific mold made purposdly for this
experiment. Thetexture profileanadysswascarried out
by atwo cycle compressiontest donewith aflat P/75
probe and aload cell of 30 kg. The pre-test, test and
post-test speed was 1 mm/s and the distance was 2
mm. TPAswere performed in 10 rice cakesfor each
sample and the textural properties measured
werhardness, adhesiveness, resilience, cohesiveness,
springinessand chewiness.

Theextrusonforcewasa so determined according
to 1SO 11747:20121*9, The extrusion force test was
donewith ariceextrusionrig (probe HDP/RE) and a
load cell of 50 kg. For this the cooked rice was
introduced into theextrusionrig for analysis. Thetest
mode was compression and the settingswere 1.6 mm/
sfor test speed and 52 mm for distance. Also inthis
case 10 replicationswere made.

Satistical analysis

The results are presented as mean value and
corresponding standard deviation for each case.
Pearson correl ation coefficients(r) for thereationships
between properties were calculated. Results were
andysed using the SPSS® for Windows version 21.0
software.

RESULTS& DISCUSSION

Thelength of theanaysed samplesof Carolinorice
varied between 6.05 mm for sample C5 and 6.60 mm
for sample C3, and thewidth varied from 2.27 mmin
sample C4 to 2.59 mm in sample C3 (Figure 1).
Therefore, thesample C3wastheonewithbigger grains,
for showinghigher vauesin both dimensions. However,

sample C4 wasthat with thebiggest ratio length/width
(2.82). Still, dl the samplesanalysed are commercidly
classified aslong grainstype-A, becausethey present a
length higher than 6 mm and theratio length/width [ower
than 3mm, but higher than2 mm (Figure 1). Thelength
and the ratio length/width presented an inverse
association, with acorrelation coefficient of r =- 0.87
(corrdationsignificant at the0.05level).

The C5 samplepresented the highest totd whiteness
(190) and vitreawhiteness (131) among the samples
analysed, but alow plastered area (16%) (Figure 2).
The Carolino rices showed agreat discrepancy inthe
plastered arearesults, varying from 13% and 40%, for
samples C1 and C2 respectively. Therewasaperfect
negativerel ation between the percentage of vitreaarea
and the percentage of plastered area (r = -1.00)
(corrdationsgnificant at the0.01 level). Thecorrdation
analysisa so reveal ed astrong correl ation between the
total and vitreawnhiteness(r>=0.74), and it was observed
somevariability inthe color measurements. For al the
samples the kett parameter (whiteness of all grain)
showed high values, between 36 and 46, respectively

8 Lenght (mm)  EWidth (mm) Ratio Lenght/Width
7
6
5
4
3
2
1
0
c1 c2 c3 ca s
Sample

Figurel: Length, width and length/width ratio of Carolino
rice samples
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Figure 2 : Whiteness, vitrea, plastered area and kett of
Carolinoricesamples
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for samples C1 and C2. Kett showed a moderate
correlationwith cookingtime (r = 0.66). The degree of
milling or polishing (e.g. polishing timeand polishing
pressure) isanimportant factor thet influencesthequaity
of milledrice. Excessve polishing oftenleadstoahigh
degree of breakage and also the nutritive value is
reduced considerably comprising asignificant loss of
natura fibré?, In contrast, alow degreeof milling can
yield alow-qudity head ricewhichwill reduceitsmarket
value as aresult of the incomplete removal of the
deuronelayersfromthekernd™. Themilling operation
will influence morphological characteristicsaswhite
vitreous, total whiteness, vitreous percentage chalky
area, and kett (reflectiveindex). These characteritics
could be changed after cooking, asit is the case of
chalkiness. The chalkinessis animportant physical
property asit can determinewhether aparticular rice
sampleattractsacompetitivepriceonthemarket, mainly
becauseit cannot be seen after cookingi?:-24.,

Therice cooking quality characteristicseval uated
included optimum cooking timeand water absorption
ratio. Among al therice samples, the C4 had thelowest
cookingtime (Figure3). The cookingtimevaried from
17 min (sample C4) to 22 minutes (sample C2), witha
water uptake between 143.9 g (sample C1) and 182.5
g (C4) after achieving the cooking point. To compare
thedifferences between the samples, the cooking time
was a so determined after 13 minutes of cooking, and
theresultsshowed that thewater abosorption varied from
101.9 g to 139.6 g, for samples C3 and C4,
respectively. Thevariationinthe cookingtimecould be
traced toitsgdlini zationtemperaturesincegddinization
temperature positively determinesthe cooking time of
rice. It has been asserted that the higher the value of
gelatinization temperature, thelonger timeit takesto

Cooking time (min)
25

20

15

10

Ccl c2 c3 ca c5

Samples
Figure3: Cookingtimeof Carolinoricesaples
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cook therice. Cooking timeisprimarily related to the
surface areaof the milled rice and unrel ated to other
grain propertied?”#l, |nfact our results showed just a
significant correl ation between the cooking timeand the
L/W ratio (r =-0.74).

Water uptakeisconsidered animportant economic
attributeof riceasit givesanindirect measureof volume
increase upon cooking?27, Thewater absorptionratio
was determined at the cooking timefor each sample
andto dl samplesafter 13 minutesof cooking, in order
toevaduated| the samplesat the same conditions(same
cooking time) and when they were compl etely cooked.
For the same cooking time, al the Carolino cultivars
presented similar water uptake values (Figure4). In
spiteof this, the sample C4 presented the highest water
absorption ratio (2.83 and 2.40, respectively for
cooking time and after 13 minutes), meaning that it
cooked quickly and with high water uptake. Oneof the
possible explanations to those differences could be
attributed to amyl ose content. Amylose content might
beresponsiblefor high water uptakeratio, sincerice
with high amyl ose content tendsto absorb morewater
upon cooking427,
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Figure4: Water absorption at the cooking time (WA (C))
and after 13minutes(WA (13min)) of Carolinorice samples

Figure 5 showsthehardnessand chewinessfor the
rice samplesanaysed by meansof TPA test. Hardness
correspondsto theforcerequired to deform the product
to agiven distance, representing theforceto compress
between molars, bitethroughwithincisorsor compress
between tongueand pdae. Thechewinessisthe number
of chews(at 1 chew/sec) needed to madticatethesample
to a consistency suitable for swallowing®1, The
hardness varied between 2.01 N and 3.54 N, for
samples C4 and C3, respectivey, and chewinessvaried
intherange 0.79-1.84 N for the same samples. This
resultsisexpected, sincethesetwotextural parameters
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Figure5: Hardnessand chewinessof Carolinoricesamples

1:0 210
areintrinsically related, al so as demonstrated by the
strong correlation found between the hardnessand the
chewiness(r=0.92) (correlation significant at the 0.05
leve).

Thetextura propertiesresilience, springinessand
cohesivenessarerepresented in Figure6.

Cohesivenessrepresentstheinterna forcesinthe
food, which maintain the sample cohesive and
correspondsto the degreeto which the sampledeforms
beforerupturingwhen bitingwiththemolars. Springiness
ishow well aproduct physically springs back to the
original shape after being deformed by partial
compression. Resilienceisthe strain energy per unit
volumetoalimit of proportiondity, i.e. theenergy used
when applying aforceto amateria without occurring
rupture, with or without any residual straini??2?, The
valuesof resiliencevaried from 20.84% (sample C1)
t032.41% (sample C5), whiletheva ues of springiness
varied between 65.47% (sample C4) and 85.91%
(sample C2), and thevauesof cohesivenessvariedin
the range 58.70-77.8% for samples C4 and C5,
respectively. In general the samples showed a high
gpringinessand cohes veness, with sample C4 presenting
thelowest values. Cohesiveness wasfound strongly
correlated with other variables, namdy theratiolength/
width (r =-0.94, corrdation sgnificant at the0.01 leve),

M Cohesiveness (%)

& Springiness (%)

‘ o Resilience (%)

,‘-—1
! ! | ! |
0 20 40 60 80 100

Figure 6 : Cohesiveness, springiness and resilience of
Carolinoricesamples

cookingtime(r=0.71), hardness(r =0.66), resilience
(r=0.74), springiness (r = 0.74) and chewiness (0.85).
In thisway, cohesiveness tendsto be higher for rice
grainswhich are more spherica anditincreaseswith
increasing cookingtime.

Figure7 showstheval ues of adhesivenessfor the
rice samplesanaysed. Adhesivenessisrelated to the
forcerequired toremovethe materia that adherestoa
specific surface, such aslips, palate or teeth?l, The
Carolino rice when cooked is expected to be sticky,
and thereforeit is not surprising the high values for
adhesivenessregistered, varying between 4.58 N.sand
8.45 N.s (absolute values), for most of the samples,
with just one exception, sample C4, which showed a
very low absolute value of adhesiveness (1.47).
Adhesivenesswasfound strongly negatively correlated
withvitreawhiteness (r =-0.94, correlation significant
at the0.01 level), with cooking time (r =- 0.75) and
cohesiveness (r = -0.74). This signifies that with
increasi ng cooking timeand for morecohesivesamples,
the adhesivenessismore negative, and thereforemore
adhesive,

M Adhesiveness (Ns)

(o]

c4

c3

Samples
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Cl
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Figure7: Adhesivenessof Carolinorice samples

Theextrus onforcemeasuresthekernd resistance
to extrusion after cooking™, andispresentedin Figure
8 for the samples at study. The lowest value was
registered for sample C1 (0.34 kg/m?) and the highest
for sample C3 (0.45 kg/m?). The sample C3 showed
the highest value for extrusion force and aso for
hardnessin the TPA compression test. Theextrusion
forcewasfound strongly correlated with rice kernel
length (r =0.80).

Thetextural propertiesof cooked ricearegrestly
influenced by the ratio between amylose and
amylopectin, aswell asby thepattern of a-amylolysist®.
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Alsothedegreeof milling wasfound to haveinfluence
onthetextureof rice®Y. Soakingisan essentid process
todiffusewater insidericegrainandit improvesthe
palatability of cooked rice, however, theconditionsfor
thisprocess may influence cooked ricetexture®2.

M Extrusion force (Kg/cm2)

-
c1 i
|

0.0 0.2 0.4 0.6
Figure8: Extrusion forceof Carolinoricesamples

CONCLUSIONS

Generaly it could be concluded that the Carolino
riceseva uated are classified aslong type-A rice, which
isagood characteristic to the Portuguesetrade, because
long kernel ricesare market |eaders due to consumers
wishesand needs. Furthermore, they presented high
vauesof whiteness, whichisa sovaued commercidly.
The Caralinoricesamplesevd uated showed differences
cons deringthecolour characteristics, mainly inthetota
whiteness, plastered areaand % vitrea. Thesample C2
exhibitedwesk physcd characteridics, epedidly milling
recoveries, dueto the high incidence of chalkinessor
plastered area.

Generaly, thetextura propertiesof the Carolino
rice cultivarstested were similar, but the C4 cultivar
presented somedistinguished characteristics, beingless
hard, less cohesive, less elastic and less adhesive.
Finaly, the C4 samplecookedin lesstimeand absorbed
ahigher quantity of water when it was cooked.
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