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ABSTRACf - Twenty-eight Brazilian rice cullivars proceeding flOm lhe Gennplasm Center of lhe 
Intemalional Rice Research Institute (lRRI), were tested as to lhe grain quality characteristics. Amy­
lose contents gelaIinization temperature and gel consistency were analyzed.and discussed. The per­
centage of amylose content ranged flOm 15.0 to 27.0% by lhe simplilied hand method and from 16.0 
to 26.0% on lhe autoanalysís method. The alkali test values range<! flOm 2.0 to 7.0 for spreading, By 
lhe gel consistency melhod, the lengtb ranged from 27.0 to 98.0 mm. The evaluated cultivar. sbowed 
gel consistency which encompassed from bard, medium, mediumly soft and soft The cultivars IAC 
47, Lageado, EEA 201, Paga Dívida, BEPG 261, Vermelho Pernambuco, Dourado Agulha, IAC 416, 
Canela de Ferro and EBPG 269 were selected with excellent cooldng and eating characteristics which 
will be able to serve as gene sources in the rice breeding program for grain quality. 

Index terms: grain quality, amylose content, gel temperature, gel consistency, a1kali testo 

CARACfERfsTICAS CULINÁRIAS 
EM CULTIVARES DE ARROZ DE SEQUEIRO E IRRIGADO 

RESUMO - Vinte e oito cultivares brasileiras de arroz oriundas do banco de germoplasma do Instituto 
Internacional de Pesquisa de Arroz (IRRI), foram testadas quanto às caracterlsticas de qualidade de 
grilos. Teores de amilose, temperatura de gelatinização e consistência de gel foram analisados e discu­
tidos, A percentagem do teor de amilose variou de 15,Oa 27,0% pelo método manual simplificadoede 
16.0 a 26.0% com o método de auto-análise, Os valores do teste de expansão em alkali que indica a 
temperatura de gelatinização variaram de 2,0 a 7.0, Para o método de consistência de gel, o compri­
mento variou de 27,0 a 93,Omm. As cultivares avaliadas apresentaram fone. média. medianamente 
fraca e fraca consistência de gel. As cultivares IAC 47. Lageado, BEA 201, Paga Dívida, EEPG 261. 
Vermelho Pernambuco, Dourado Agulha, IAC 416, Canela de Ferro e EEPG 269 foram selecionadas 
com exoelentes características culinárias que poderão servir como fontes de genes nos programas de 
melhoramento de arroz no Brazil para qualidade dos grãos. 

Termos para indexação: qualidade dos grãos, teores de amilose, temperatura de gel, consistência de 
gel, teste de expansão em a1kali. 

INTRODUCTION 

In BraziJ' s rice breeding programs, emphasis has 
been given on grain yield wilh little attention lO grain 
quality. Recent changes in marlret acceptability to-
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gether wilh increased yield resulted in lhe growing 
importance of breeding programs, and lhe develop­
ment of high yielding varieties has been of major 
CORcem in such programs. 

In Brazil me majorily of lhe population prefers 
rice wilh long, slender, and translucent grain lhat 
produces a high grain expansion ratio and a non­
sticky product after cooking (U sberti Filho el ai., 
1986). 

Many papers have reported rice grain qualíly re­
lated lo varíetal differences in cooking and eating 

properties (Jones, 1938; luliano el ai" 1964a and 
I 965). 
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Starch is a major constituent of milled rice which 
díffers widely among varieties (Juliano, 1979). TIle 
amylose content of lhe rice starch is the principal 
factor in volume expansion, tendemess, and g10ss 
scores of cooked rice regardless of the water/rice 
ratio used during eooking (Juliano, 1972). TIle ge­
latinization of rice starch is positively correlated with 
the time required to cook milled rice (Beachell & 
Haliek, 1957 and Juliano et aI., 1965). TIle amylose 
content of starch is negatively correlated with ten­
demess, cohesiveness and g10ss scores of milled rice 
with a fixed ratio ofrice waler (Julíano el a!., 196~) 
while having the same amylose COnlent may be dif­
ferentiated by the tendemess of cooked rice by the 
gel consistency test (Cagampang et aI., 1973). 

In the Genetic Evaluation and Utilization (GEU) 
program of the International Rice Research Insti­
tute (IRRI), malerials with intennediate amylose 
contenl, intennediate gelatinization temperature and 
50ft gel consistency are the most importaol objec­
tives of the rice breeding program (Klush el ai., 
1979). 

TIlis paper deserihes the cooking and ealing char­
acteristics of Brazilian rice varieties that can be uti­
lized in rice breeding programs for specific grain 
quality in Brazil. 

MATERIALS AND METHODS 

Twenty-eight BraziJian varieties of rice were obtained 
from lhe Intemational Rice Germplasm Center (lRGC) 
oflhe Intem.tional Rire Research Instilule (IRRI) as rough 
rice of aboul 5 grams each. The rough rice samples were 
debulled wilh a satake husker and milled in a lest lube for 
milling rice for 30 minutes Aboul 2/10 of lhe tube was 
mled wilh aluminum oxide (AIO,). 

Flours for lhe amylose analysis were obtained wilh 
lhe UDY Cyclone MiII. Samples were powdered using a 
40 - mesh sieve. With flours of gel consistency. 10 grains 
were ground into a fine flour (aboul 100 - mesh) for 55 
seconds in a Wig-L-Bug amalgamator. 

For lheamylose test, loomgoofeach sample was placed 
in a 100m1 volumetríc flask and I ml of 95%elhyl alcohol, 
plus 9m1 IN NaOH were added and lhe míxlure was 
heated over a boiling water bath for 10 minutes. removed, 
and left lhe samples for I bour lO cool at room tempera/ure 
and diluted to 100 ml wilh distílled water. Three standard 
samples ofknowo amylose conteot; IR 24, IR 64 and IR 8 
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with low, intermediate and high amylose content 
respectively were used as checks. 

Amylose content in rice is detennined by several 
methods mos! of which are based 00 lhe method of 
Willíamsel ai. (1958). Juliano (1971) modif..,d lhe basic 
methodfor more speedy analysis bolh manually and semi­
aulomatically. 11 is called the Símplífied Amylose 
Procedure and lhis method was used to evaluate lhe 
materiais from Ihis experimento 

For lhe gel consistency test, IOOmg of powder in 
duplicate were placed into 13 x loomm cultores tubes 
(Pyrex n· 9820) and wetted wilh 0,2ml of 95% elhanol 
containing 0,025% thymol blue. The tube was shaken to 
dispersethe starch, 2.OmI oCO.IN KOH was immediately 
added and lhe mixture was dispersed using a Vortex Genie 
(Scientific Industries, Springfield, Mass., 'Setting of 6). 
The lubes were covered wílh glass marbles and placed for 
8 minutes inlo vigorously boiling water b.1h to reflUl<. 

The samples were Ihen removed from lhe water bath, sei 
room temperature for S minutes, and tben cooled in an 
iced water bath for 15 minutes. The tubes were )aid 
borizontaily over ruled paper graduated in millímeters and 
lhe lenglh of lhe gel was measured from lhe botton of lhe 
test tube to lhe gel front. 60 minutes Jater. The 
classificalíons used were: hard (27mm - 35mm), medium! 
hard (36mm - 4Omm), medium (41mm - 6Omm) and low 
(6lmm - lOOmm). This test was base<! on lhe metbod 
described by Cagampang el ai. (1973). 

Alkali test as an index for gelatinization temperature 
(Little el ai., 1958) was also performed. Six whole milled 
rice grains were placed in small transparent plastic boxes 
containing 10 ml of 1.700/. patas,ium hydroxide (KOH) 
solution. The boxes were covered and left undisturbed 
for 23 hours in an incubator ntaintained at 3O"C. Two 
replications were used for each rice sample. CP 231, IR 
36 and IR 42 wilh high, intermediate and low gelatinization 
lemperalure respectively were used as checks. 

RESULTS AND DISCUSSION 

Commercial rice varieties may he grouped on the 
basis of Iheir apparent amylose contenl inlo waxy 
(I to 2% amylose), low amylose (12 to 20%), inter­
mediate amylose (20 to 25%), moderately high amy­
lose (25 to 27%), and high (> 27%) (International 
Rice Research Institute, 1972). 

TIle results of tests to measure the amylose con­
tenl is sbown in Table I. TIl. percentage of amylose 
content ranged from 15 to 27% by simplified manual 
method and!Tom 16 to 26% by autoanalyzer method. 
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T ABLE 1. AmyIose content by slmpHlled manual amI auloanalyzer melhod of 28 brazilian rice varietles. nuu. 
11188. 

% Amylose content 
Acession Typeof 

Variety number number Simplif. Au~ 
Man metbod" ScoreC 

EEEA30 39020 Inigated 15.0 16.0 Low 
IR 24 (check) Inigated 17.0 17.0 Low 
IRGA407 2fHl2 Inigated 18.0 18.0 Low 
EEA402 311023 Inigated 17.0 18.0 Low 
&IaIais 24479 Upland 19.0 18.0 Low 
Pérola 39090 Upland 19.0 19.0 Low 
Verm. Pernambuco 39105 UpIand 21.0 20.0 1ntermediaIe 
Jaguari 39074 UpIand 23.0 20.0 1ntermediaIe 
Lageado 50490 Inigated 23.0 20.0 Intermediate 
ChaIão 39006 Upland 23.0 20.0 Intermediate 
EEA201 26021 Inigated 20.0 20.0 1ntermediaIe 
EEPG261 55859 UpIand 21.0 21.0 Intermediate 
Dourado Agulha 3302 Upland 23.0 21.0 Intermediate 
Iguape aguIba 6465 Upland 23.0 21.0 Intermediate 
Dourado 39012 Upland 23.0 21.0 Intermediate 
Dourado precoce 39019 UpIand 22.0 21.0 lntennediate 
IR 64 (cbeck) Inigated 23.0 21.0 Intermediate 
Pagadfvida 39085 UpIand 23.0 21.0 Intermediate 
IAC47 19649 Upland 22.0 22.0 1ntermediaIe 
IAC25 19642 UpIand 21.0 22.0 1ntermediaIe 
IAC 164 55860 Upland 22.0 22.0 Intermediate 
EEPG269 55858 UpIand 22.0 22.0 1ntermediaIe 
Canela de ferro S0448 Upiand 23.0 22.0 1ntermediaIe 
Agulha precoce 38982 UpIand 23.0 22.0 1ntermediaIe 
Cana roxa 38998 InigJUpland 23.0 22.0 Intermediate 
De abril 38986 Inigated 23.0 22.0 1ntermediaIe 
IAC416 39048 Inigated 24.0 23.0 1ntermediaIe 
AgulhaFSAV 39075 Inigated 23.0 23.0 Intermediate 
IAC 1246 19645 Upland 22.0 23.0 Intennediate 
IAC 165 55861 Upland 24.0 24.0 lntennediate 
IR 8 (check) Inigated 27.0 26.0 High 
a Base<! on simpliÍIed manual method (Julíana. 1971) 
b Base<! an simplified autoana1yzer method (Juliano, 1971) 
c Amylose af milled rice Higlt (25%). Intermediate (20 - 25%) and Low (8 - 19%) 

lt was observed that there were no dífferences be­
tween lhe twa methods. lherefore, in lhe absence of 
autoanalyzer method. lhe simplified manual proce­
dure can be adopred (Table I). The results obtained 
are in accordance wilh lhe findings of WilJiams et 
aI. (1958) who observed varietal difference in amy­
lose content of 14.2 to 25.6 for Louisiana varieties 
aod 13.6 to 23.1 for Texas varieties. However, lhe 
rice starch varies widely in amylose content from 

0;8 to 1.3 for waxy and 3.1 to 37.2% for non waxy 
varieties (Reyes et aI., 1965) but Juliano et aI. 
(l964b) found lhe amylose content of milled rice 
sarnp1es ranged from 2.8 to 5.7 of dry weight for lhe 
four waxy rices. Julíano et a1. (l964b) studying 
physicochemical properties of rice found in lhe 
amylose content of milled rice samples. which is 
witbin the range found in tbe sample. shown in 
Table 1. 
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Comparing lhe type ar culture, it was observe<! 
(Table 1) that 70% oflhe irrigated varieties bad inter­
mediate amylose contento With the exception of 
Perola and Batatais, alI other Upland varieties bad 
intermediate amylose conten!. The data indicates Ihat 
most of varieties tested had acceptable amylose 
scores and ean be utilized in the rice breeding pro­
gram for specific grain quality. 

The time required for cooking is determined by 
gelatínization temperature wilh a low of55° to 69°C, 
intermediate (70° to 74°C) or high (75· to 79°C). 
The alkali digestion. as an indieation of gelatíniza­
tion temperature, is shown in Table 2. The alkali 

spreading among lhe materials tested ranged from 
3.08 (EEA 402) to 6.75 (EEA 301) and 71% ofva­
rieties shcwed intermediate gelatinization tempera­
ture. 

Ali improved varieties from the Agricultura! 10-
stitute of Campinas - Brazil (IAC) bad ao interme­
diate gelatinization temperatore (70"-74°C). How­
ever, Usberti Filho et alo (1968) bad found low gela­
tinization in 84% of uplaod and írrigated advanced 
Iines from IAC, which included the varieties IAC 
25.IAC 165, IAC47 andIAC 164 which wereevalu­
ated in Ihis experiment (Table 2). The difference may 
have been influenced by environmental eOnditions 

TABLE 2. Gelatinization temperature and gel consisteucy ar 28 brazilian riee varieties. IRRI, 1988. 

Alkali spreading a GeJatinization Gel C. b onslStency 
Variety (value.) temperature (mm) score 

IR 42 (check) 7.00 Low 29.0 Hard 
EEA301 6.75 Low 53.5 Medium 
Batatais 6.58 Low 61.0 Medium-soft 
IRGA407 6.33 Low 70.5 Medium-soft 
EEA 201 6.33 lntermediate 82.5 Soft 
Canela de ferro 5.33 Inlerrnediate 66.0 Medium·soft 
IR 36 (check) 5.16 Intermediate 
IAC 1246 5.00 Intennediate 59.5 Medium 
De abril 5.00 Intennediate 51.5 Medium 
Vermelho Pernambuco 5.00 Interrnediate 61.0 Medium-soft 
EEPG 269 5.08 I nterrnediate 67.0 Medium-soft 
IAC25 4.91 Imermediate 54.0 Medium 
IAC 165 4.66 Interrnediate 45.0 Medium 
EEPG261 4.74 Intermediate 70.0 Medium-soft 
IAC416 4.58 Inlerrnediate 67.0 Medium-.oft 
Dourado agulha 4.91 Intermediate 59.5 Medium-soft 
19uape agulha 4.58 Intermediate 50.0 Medium 
IAC47 4.08 Intermediate 95.0 50ft 
A.ESAV 4.08 Intennediate 27.0 Hard 
IAC 164 4.41 Interrnediate 34.0 Hard 
PagadIvída 4.50 Intermediate 68.0 Medium-soft 
Lageado 4.08 Interrnediate 98.0 Soft 
Dourado precoce 4.16 Intermediate 51.0 Medium 
Cana roxa 4.16 Intennediate 38.5 Medium-hard 
Dourado 4.41 Interrnediate 55.5 Medium 
Agulha precoce 4.58 Interrnediate 54.0 Medium 
Jaguari 3.99 High - interrnediate 75.0 Medium-soft 
Chatão 3.83 High - intermediate 49.0 Medium 
EEA402 3.08 High - intennediate 84.0 Soft 
Pérola 3.49 High - intermediate 67.0 Medium-soft 
CP 23.1 (check) 2.00 High 
IR 32 (check) 70.0 Memum-soft 
IR 48 (check) 57.0 Medium 

a Based on alkali spreading value (Little et aI., 1958); Low (6-7); Interm. (4·5); High·intenn. (3) and High (2). 
b Based on Standard Evaluation System for Rice (IRRI, 1983); Hard (35 mm); Medium-hard (36 - 40 mm); Medium 

(41 ·60 mm); Medium-soft (61 ·80 mm). 
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such temperature during ripening which affects lhe 
gelatinization lemperature (Klush et aI., 1979). A 
high ambient temperature during grain development 
results in a starch wilh higher gelatinization tem­
perature (KIush et ai., 1979). Beachell & Stansel 
(1963) have shown lha! low temperature results in 
bigher amylose contenl and lower gelatinization tem­
perature of lhe starch. 

The gel consistency lesl, which complemenled 
lhe tesl for amylose, was also used lo evaluate lhe 
rice lines. Among lhe varieties tested lhe gel (mm) 

ranged from 27 lo 98 rmd 36% of varieties did nol 
have gel consistency values predicted from amylose 
content (Tables I and 2). The dalaare in accord wilh 
Cagampang el ai. (1973) who reported thal lhe vari­
eties having lhe same amylose content may be dif­
ferentiated in lhe eating quality of eooked rice by 
lhe gel consisteney test, and that factors other Ihan 
amylose, Amylopectin ratio, influence gel consis­
tency. 

In Table 3, lhe selected cultivars wilh suitable 
cooking and eating characteristics are found. It was 
observed lhat ali seleeted materiais showed inter­
mediate amylose contento Whereas for lhe Irait -
gelatinization lemperature, except for lhe cultivar 
Paga Dívida, ali lhe others presenled intermediate 
gelalinizalion temperalure. With relation to gel 

consistency, 70% of lhe selected materiais, showed 
mediumly weak gel consistency (Table 3). These 
selected materiais presented suitable cooking and 
eating characteristics which will be able to serve as 
excellent sourees of genes in rice breeding programs 
aiming ai good cbaracteristics of grain quality. 

CONCLUSIONS 

l. No differenee was found between the Iwo 
melhods utilized lO delermine amylose contenl. 
Therefore, in the absenee of the auloanalyzer 
melhod, lhe simplified manual procedure can be 
adopted. 

2. Eighty-two percent of varielies tested were of 
intermediale amylose content and can he utilized in 
lhe rice breeding program for cooldng ealing char­
acteristics. 

3. Among lhe varielie. evaluated, IAC 47, 
Lageado, EEA 20 I, Paga Dívida, EEPG 261, 
Vermelho Pernambuco, Dourado Agulha, IAC 416, 
Canela de Ferro, and EEPG 269, were found lo have 
desirable cooking and eating cbaracteristics and may 
he utilized in rice breeding for specific grain qual­
ity. 

TABLE 3, Donor parents selected wilh cleslrable grain quality cbaracteristics ror riee breed­
ing prngram in Brazil. IRRI, 1988. 

Gelatinization b 
Variety Amylose contenta temperature Gel consistency 

c 

IAC47 Intermediate Intennediate 80ft 
Lageado Intermediate Intermedíate 80ft 
BBA201 Intermediate intermediate-Iow 80ft 
l'lIga dfvida Intennediate Intennediate Medium-soft 
EEPG 26\ Intermediate Intermediate Medium-soft 
Vermelbo pernambuco Intermediate Intennediate Medium-soft 
Dourado agulha Intermediate Intennediate Medium-soft 
IAC 416 Intennediate Intennediate Medium-soft 
Canela de ferro Intennediate intennediate Medium-soft 
EEPG269 Intermediate Intermediate Medium-soft 

• Amylose of milled rice: Intennediate (20 - 25%) 
• Based on alkali spreading value (Little el ai., 1958): Low (6 - 7) and Intennediate (4 - 5) 
• Based on standard Evalualion System for Rice (IRRI, 1983): Medium-soft (61 - 80 mm) and 80ft 

(8Omm). 
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