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ABSTRACT

Same physicochemical andcooking characteristics correspondngto different varieties and ommecial sanples of
ricewere andysed. Sane mecharical properties determined by boh, the viscodastograf andthe Instrom Universal
Food Testing Machine were also andysed. Gelatinization time (Gt), gdatinization endthermand anylose content
were determined. The results showved thatthere was avery goodcorr elation between gédatinizationtenperatureand
Gt, while no ndiceable crrelation anong dhers phsycochemical characteristics was observed. Regarding the
mechanical properties, both methods permited to show signifi cant differences amongmost of the sanples. Howeve,
when the samples order obtained with hardness(Instrom) valueswas conparedwith tha corresponding tofirmness
(Viscoel astograf) values, some discreparcieswere observed. This could beattributableto the nurber of grains and
the cooking time used in each method There was goodlinear correlation between hardnessand anylose content.
On the contrary, none othe \iscoelastograf parametersare corr elated well with amylose. An interesting pdnt was
that the dope of the regresson line obtained between firmnessand cooking time could be utili sed as a measure of
cooking resistance of each sample andwasrelated to he rate of water absorpton.
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INTRODUCTION step in quality asssament. Texture is defined as
“the sensory manifestation d the structure of food
and the manner in which that structure reacts to

applied force’ (Szczesnick, 1968. Rice texture is

Rice is consumed principally as a whde grain and,
therefore, the texture of the whde grain is a matter

of primary importance. Different cultivars of waxy
and nonwaxy rice are usually classfied according
to their grain dmensions, amylose cortent,
amylograph corsistency, gdatinisation properties
of the extracted starches and the texture (from both
Instrom hardness and sensory measurements) of
cooked rice (Juliano, 1982 Juliano, 1985.

Texture is an important attribute of food
acoeptance by consumers and as guch, a critical

I Author for correspondence

affected by factors sich as rice variety, amylose
content (AM), gdlatinisation temperature (GT) and
procesdng factor ( Meullenet et al., 1998.

Conwventiorally, sensory and processng qualities
of rice have been assessd by a cortribution o
preference sensory and physicochemical properties
evaluations. Sensory evaluations are generally
preference rating d flavor and texture, with the
emphasis in texture attributes. Through statistical
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methods, rdationships between sensory and
physicochemical  properties are determined,
allowing assssment of sensory quality for a target
population a application (Champagne, 1997).
Preference patterns may be a function d cultural
and social factors (such as stuations of usage,
attitudes towards cooking), indvidual factors
(sociodemographic  dharacteristics,  invavement
and expertise in food innowtiveness broad
sengitivity) and product attributes  (sensory
dimensions like aspect, flavour and texture are
paramount), but they are sddom included in
marketing experiments because of the difficulties
encountered in  “objectivating’”  consumer
asesanents. Other attributes are important, some
related to services attached to the product (easy
cooking, packaging), other more related to image
(brand aigin o product) (Francois et al., 1997.
Preference in matter of appearance, taste and
texture are very variable from one consumer to
anather, some of them prefer the aromatic rice and
the raw milled rice, others like the parboiled
rice and dhers the most conventional rice
(Martinet al., 1997).

Anather important aspect is the rdationship
between price and quality. Rice standard do na
fully explain price variations, other quality criteria
such as cooking, that are nat incorporated into rice
standard also cortribute to price differentials.
People from different region have different taste
and preferences. The term rice standard refers to
those characters reated to traditional criteria, and
the term rice quality includes cooking cuality
(Juliano and Kaosa, 1991).

The objective of this work was to evaluate the
cooking properties of different good aiality rice
varigies and ther rdation with some physico-
chemical characteristics and mechanical properties
of cooked rice.

MATERIALS AND METHODS

Eight rice varigties, mill ed by standard method and
characterized by their amylose and alcaly test
values (Table 1) were provided by the Instituto
Nacional de Tecndogia Agropecuaria (INTA -
Corcepcion & Uruguay - Argentina). These
samples were used for the evaluation d some
physico-chemical and cooking characteristics and
mechanical properties. Four commercial samples
(two o them were parboiled rice) taken from the

market were also included in the evaluation:
Fortuna, Barbara, Barbara Parboiled and Quick
(anather parboiled trade mark). Following
determinations were carried aut:

Amylose content (AM), gdatinization temperature
or onset temperature (GT), pick temperature (PT)
and ¢datinization enthalpy (AH) were obtained by
DSC (Mestres et al., 1996 and the values reported
are means of duplicates.

Table 1 - Characteristics of the sdleded varieties

Samples Am%)//loose* Alcili test
Santa Anita (Aromatic) 24 6.2
Micro 547 (Aromatic) 285 3.8
Micro 208 (Aromatic) 29 6
Cocodrie 244 3.7
El Paso 271 7
Don Juan 239 4
Tacuari 231 3.8
IRGA 28.2 7

*Juliano method (1971); ** Little et d (1958).

Gdatinization time (Gt) was evaluated by the
French Standard (Norme Francaise, 1999.
Viscodasticity properties. Firmness (F) and
Absorption (Abs) were deermined by the
Viscodastograf according to the French Standard
(Norme Francaise, 1993. Cooked rice hardness
(average pressure, P), by an Instrom Universal
Food Testing Machine (Modd 1140 using an
Ottawa Texture Measurement System Cell, with a
cooking time of 20 minutes and according to
Rousst et al. (1995. ANOVA were made using
the LSD methodfor 95% confidence limit.

RESULT S AND DISCUSSION

DSC and Gelatinization time

Table 2 shows the values obtained from DSC
(amylose, gdatinization temperature, pick
temperature and ¢gatinization enthalpies) and the
gdatinisation time. It was observed that amylose
values obtained by the DSC method were in
average 2.4 uwnits lower than the ones by Juliano
method, being in the range of 0.4 to 3.6. Fortuna
showved the lowest AM value and together with
Irga and Paso hed the lowest GT. On the other
hand, Paso and Irga showed the lowest Gt. There
was a very good correlation between GT and Gt
(r = 0.99), in agreament with Juliano results
(Juliano, 1998.
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Table 2 - DSC results and Gelatinization Time

73

Samples AM (%) GT (°C) PT (°C) AH (J/g) Gelatinisation

(DSC) (DSC) (DSC) (DSC) Time Gt (min)
Santa Anita (Aromatic) 213 68.6 76.4 9.19 16
Micro 547 (Aromatic) 251 714 787 9.17 145
Micro 208 (Aromatic) 254 70.6 779 103 165
Cocodrie 228 704 78.0 9.9 16
El Paso 26.7 58 67.0 9.24 13
Don Juan 205 722 79.6 104 165
Tacuari 214 715 786 9.93 155
IRGA 250 58.6 67.2 7.25 125
Fortuna 180 58.2 68.8 111 155
Barbara 24.2 616 701 9.81 15
Barbara Parbail ed 242 e e e 16
Parbail ed Quick 229 e e e 15

AM: amil ose; GT: gelatinization temperature; PT: peek temperature

The others possble correlations to be made were
very poor, the only ore to be mentioned was
between pick temperature (PT) and GT (r = 0.69).
The traditional inverse correlation between alkali
test and GT was very poor.

Juliano (1990 pointed aut that the methods used
for quality asssanent (amylose, alkali test, etc)
were inadequate for rice of similar amylose
content.

Instrom results

Table 3 shows the presaure values from the Instrom
(including the ANOVA results) for the @oked rice.
The ANOVA indcateeal that there were significant
differences among groups of samples. Fortuna,
Cocodrie, Don Juan and S.Anita were the softest
while Quick, Micro 547, Barbara and Barbara
Parboiled were the hardest. There was good linear
correation between Presaure and Amylose content,
which was better when AM from DSC was used.
The correspondng parameters are shown in Table 4
(Presaure was the dependent variable and AM by
DSC was the independent variable. The ANOVA
indcated that the standard error of the estimation
wass0.10266and the correation coefficient wasr =
0.871 These results were in agreement with those
of Juliano (1998.

Viscoelastogr af results

Table 5 shows the ANOVA results for Firmness
and the dope of the linear regresson with the
cooking time. As in the case of Instrom presaire,
there were significant differences among goups of
samples. Tacuari was the softest one followed by
Cocodrie and Micro 547. These three samples

could be considered as the softest group, which
was also those with the highest absorption, while
the firmest were the parboiled samples (Barbara
Parboil ed and Quick).

Table 3 - Instron Pressure mean values

Significant Presaire
Sample differences K glem?
(a<0.05
Fortuna €) 0.95
Cocodrie (ab) 0.99
Don Juan (ab) 1.06
SAnita (ab) 111
Tacuari (b,c) 114
IRGA (c,d) 1.29
Micro 208 (d,e 1.36
El Paso (d,e 1.40
QUICK (d,ef) 1.45
Micro 547 (ef) 1.50
Barbara ) 157
Barbara Parbail ed () 1.56
Table 4 - Regresson analysis.
Intercept Slope

Estimate -0.173 0.0599
Standard error 0.2948 0.01278
T value -0.5883 4.687
Prob. level 0.575 0.00224

Presaure (Instrom) =f (AM); =a+bx

When these results were compared with the
Instrom values, some cortradictions appeared, for
example, Fortuna which showed the lowest.
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Table 5 - ANOVA results. Firmness mean values at their Gt and sope of the linear regresson, for Firmnessvs

cooking time
Significant Firmnesss Mean
Sample differences (a<0.05) values Slope R
Tacuari @ 17.55 -2.42 0.98
Cocodrie (b) 2120 -2.29 0.97
Micro 547 (b,c) 2197 -1.61 091
SAnita (c,d) 24.70 -1.96 091
Micro 208 (d) 2513 -2.53 0.97
Don Juan (e 28.70 -3.21 0.90
Barbara () 3573 -3.94 0.87
IRGA () 36.40 -1.91 0.92
El Paso (9) 4945 -1.61 0.85
Fortuna (9) 5210 -1.55 091
QUICK (h) 64.30 -1.26 0.94
Barbara Parbail ed (h) 64.65 -0.94 0.89

* Firmnessis the height ratio o the compressed and uncompres®d rice.

Presaure, was included in the group of samples
with hgh Firmness  This effect could be
explained on the basis that in the viscodastograf
only three grains were put on the machine plate
and those with the highest width (Fortuna was the
only ore wide type variety, among samples) gave
higher Firmness values. On the other hand
Barbara, with  high presaure values dhowed
intermediate  Firmness and Don Juan with
minimum presaure values dowved intermediate
Firmness These discrepancies could be due to the
different cooking time used in each method (20
min. in the Instrom ore and Gt in the
Viscodastograf) and consequently the amount of
water uptaken were nat comparable. Ancther
aspect to be considered was the dfect of surface
area on the water absorption (Bhattacharya, 1979.
An interesting point was the analysis of the
decreasing rate of Firmness with cooking time,
which was measured by the slope of the regresson
line. It was possble to classfy the samples in four
groups: a) High decreasing rate (Barbara and Don
Juan), b) intermediate decreasing rate (Micro 208
Tacuari, Cocodrie, S Anita and Irga), c) Low
decreasing rate (El Paso, Micro 547 and Fortuna)
and d very low decreasing rate (Quick and
Barbara P). The dope of the regresson line could
be used to sdect varieties with a desired cooking
resistance, for example, excluding the parboiled
samples (which showed the lowest decreasing
rate), El Paso and Fortuna (with high Firmnesg
showed low decreasing rate and consequently high
cooking resistance. On the other hand, Barbara and
Don Juan (with intermediate Firmnesg showed the

highest decreasing rate, hence their low cooking
resistance could be a negative df ect on Firmness
Table 6 shows the ANOVA results for Absorption,
mean values at the Gt and the slope of the linear
regresson with the cooking time. It was observed
that Tacuari, Micro 547 and Cocodrie showed the
highest absorption, being in agreement with the
lowest Firmness Among these three samples,
Tacuari showed the highest increasing rate of
absorption. On the other hand, Fortuna and he two
parboiled samples owed the lowest absorption
with intermediate increasing rate of absorption.
An interesting case was Irga that having the lowest
Gt and intermediate Firmness and Absorption
showed ahighabsorptionincreasing rate.

Finally, no corrdation was fount between the
viscodlastograf parameters with amylose, but there
was a negative linear correation between
Firmness and Absorption with a corrdation
coefficient, r =-0.73.

These results <owed that differences in
mechanical resistance among samples depended
on the methoddogy used to evaluate cooking
quality of rice (Firmness or Hardnesg and as it
was pointed aut by Juliano (1998, the Instrom
hardness correlate with AM and also, was a very
good measurement of texture. On the other hand,
Viscodastograf is very useful to evaluate cooking
properties, particularly when orly a small amount
of sample is available and can gve very good
information oncooking resistance.
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Table 6 - ANOVA results: Absorption means values at their Gt and slope of the li near regresson, for Absorptionvs

cooking time
Significant Absor ption*Mean
Sample differences (a<0.05) values Slope R

Fortuna @ 2520 0.0619 0.94
QUICK (b) 2.64 0.0713 0.99
Barbara P (b,c) 2.67 0.0696 0.98
SAnita (c,d) 272 0.051 0.85
El Paso (c.d,e 2.73 0.0769 0.96
Micro 208 (d,e) 2.77 0.0310 0.89
Don Juan (d,e 2.78 0.0619 0.88
IRGA G) 2.80 0.0931 0.99
Barbara (ef) 2.81 0.0719 0.96
Cocodrie (f,0) 2.88 0.0759 0.95
Micro 547 (9) 292 0.0687 0.96
Tacuari (9) 2.92 0.0833 0.93

* Absorption isthe weight ratio of cooked and uncooked rice.

The evaluation d the present group of varities CONCLUSION

would real also ahers methoddoges sich us
chain length analysis of the amylopectin branches,
as it was pointed aut by Ong and Blanshard (1995
that with the diversification d cultivars of rice,
properties of cooked rice were becoming less
predictable. The clasdcal rdationships between
the amylose (AM) content or grain dmensions and
the final properties of cooked rice were nat always
followed. For example, rice with higher amylose
and more long chain amylopectin  (AP) tend to
have hard cooking properties, whereas rice with
lower amylose content and shorter chain
amylopectin tend to have a softer texture. The
longer AP chain behave like an amylose chain o
branched form of amylose, which suggest that the
longx chains of starch whether from AM, AP or
intermediate material could be responsible for the
texture of rice.

Furthermore with the increasing knawledge of the
structure of starch ganules and the starch
fractions, new screesning methods to evaluate
properties guch as AP staling would evolve. Ge
consistency (GC) has been shown to be mainly
due to AP. Hard GC corresponds mainly to
longx chain lengh AP, common in low GT, high
AM content rice. Advances in the knowledge of
granules gructure and fine structure of AP and
AM shauld facilitate the development of simple
test that measure varietal difference in AP staling
(Juliano, 1997).

There was very good corrdation between
gdatinization temperature and ¢gatinization time.
There were good linear corrdation between
Instrom Presaure (Hardnesg and amylose content,
which was better when AM from DSC was used.
With regard to the Viscodastograf results, no good
corrdation were found between the viscod astograf
parameters with amylose, but there is a negative
linear correlation between  Firmness and
Absorption. The dslope of the regresson line
obtained with Firmnes vs cooking time, could be
used to sdect varigties with a desired cooking
resistance, for example ecluding the parboiled
samples (which showed the lowest decreasing
rate), El Paso and Fortuna (with high Firmnesg
showed low decreasing rate and consequently high
cooking resistance. On the other hand, Barbara and
Don Juan (with intermediate Firmnesg showed the
highest decreasing rate, so the low cooking
resistance would impair the Firmness

A Sensory texture Profile and Consumer
Preferences Analysis sould be dore as scond
steps of the Cooking Quality Evaluation and a
comparison with the cooking test should be dore
for this group of varieties.
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RESUMO

Qito variedades e quatro amostras comerciais de
arroz de boa qualidade foram analisadas com
rdacdo a dgumas caracteristicas fisico-quimicas e
de cozimento. Algumas propriedades mecanicas
foram avaliadas utilizandose tanto o
viscoamilégrafo como 0 eguipamento Instron
(Instron Universal Testing Machine), tais como, o
tempo de geatinizagdo (Gt), a endderma de
gelatinizacgdo e o contelddo de amilose. Os
resultados mostraram que &iste uma boa
corrdlagcdo entre a temperatura de gelatinizagdo e
Gt, contudo réo foi observada corrdacéo relevante
entre outras caracteristicas fisico-quimicas. Em
rdacdo as propriedades mecénicas, ambos o0s
méodcss  pemitiram  nostrar  significantes
diferencas entre algumas amostras. Existe uma boa
corrdacdo linear entre dureza e contedo ce
amilose, por outro lado, nenhum dos parémetros
viscodastograficos apresentaram boa corrdacéo
com a amilose. Um pornto interessante é que a
inclinacdo da reta de corrdagdo linear obtida entre
firmeza e tempo de cozimento pode ser utili zada
como uma medida da resisténcia a cozimento de
cada amostra e relacionada ataxa de absor¢do de

agua.
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