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Abstract The Choice of rice varieties by farmers and consumers and the rate at which farmers in Ebonyi state go for new
rice varieties at the expense of indigenous varieties have become a source of worry to scientists in Nigeria. We assessed the
cooking quality and physico-chemical characteristics of 15 selected indigenous and five newly introduced hybrid rice va-
rieties grown in Ebonyi State, Nigeria. Significant variation (P<0.05) was detected among the 20 rice varieties for all the traits
evaluated. The results showed that all the five newly introduced hybrid rice varieties do not swell appreciably during cook-
ing. The grains of Cv.“China” had the highest elongation values of 3.2 + 0.00 mm. “E4197” has the best physical appearance
but easily dissolves in water during cooking. Most of the physico-chemical characteristic such as amylose, amylopectin, gel
consistency and gelatinization temperature were significantly correlated (positively or negatively) with some of the cooking
quality traits (elongation during cooking, solids in cooking water and optimum cooking time), indicating that efforts aimed at
selecting rice varieties with improved cooking quality traits would warrant a consideration of the physico-chemical attributes
of the rice grain. The overall cooking quality and physico-chemical attributes of some of the indigenous rice varieties were
even relatively better than the newly introduced hybrid varieties. Farmers should, therefore, be critical in accepting new
varieties that may not be comparably outstanding in cooking quality and physico-chemical characteristics, in order to pre-
serve the integrity of the all-cherished indigenous rice varieties of Ebonyi State, Nigeria.
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China; and red rice in parts of southern India. Many coun-
tries have signature rice recipes, such as sushi, fried rice,
curry, paella, risotto, pancit, and beans with rice. There are
also many sweets and candies made from rice.

The agronomic classification of rice into glutinous and
non-glutinous or translucent rice includes qualitative char-
acteristic of the endosperm. The glutinous rice type is by far
the most important; accounting for about 90-100 % of the
total in different countries. The non-glutinous type is not

1. Introduction

Rice is a food crop of world-wide importance and forms
the foundation of the diet of over 3 billion people, consti-
tuting over half of the world’s population[1]. It is widely
cultivated throughout the world and has become the second
most important cereal in the world after wheat in terms of
cultivation, due to a recent decline in maize production|[2]. It

is utilized mostly at the household level, where it is con-
sumed as boiled or fried with stew as in Nigeria. Different
cultures have different preferences regarding the taste, tex-
ture, colour and stickiness of the rice varieties that they
consume. For example, dry flaky rice is eaten in South Asia
and the Middle East; moist sticky rice in Japan, Taiwan
Province of China, the Republic of Korea, Egypt and northern

* Corresponding author:

ubi.benjamin@yahoo.com (Ubi B. E.)

Published online at http://journal.sapub.org/fph

Copyright © 2012 Scientific & Academic Publishing. All Rights Reserved

sticky when cooked while the glutinous types have a soft
endosperm that is composed of dextrin instead of starch.
When cooked, they become sticky but are more preferred by
some people due to softness after cooking. Fat content is
higher in non-glutinous rice than glutinous rice and the pro-
tein content is lower in the glutinous than in the
non-glutinous rice type. Varieties of rice are classified ac-
cording to cooking properties on the basis of gelatinization
temperature[3].

Pomeranz[4] reported that rice composition differs ac-
cording to the variety and processing method used. Among
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the many forms which rice is processed, parboiling of rice is
widely used which is the hydrothermal treatment of raw rice
prior to milling. The quality of milled parboiled rice is being
assessed based on physical parameters like degree of milling,
percentage head rice, broken grain, chalkiness, red streak
grain, grain size, colour, and shape at 1000g weight. Except
for Burkina Faso and Niger, rice is a staple crop throughout
West Africa, especially in Cote d’Ivoire, the Gambia, Guinea,
Guinea Bissau, Liberia, Senegal and Sierra Leone. The River
Niger drainage system is a major rice-growing environment
in the region. Nigeria has a leading role in rice production in
West Africa, ranking highest as both the producer and con-
sumer of rice in the sub-region with production figures
slightly above 50%][5].

The economic value of rice depends on its cooking and
processing quality, which can be measured in terms of water
uptake ratio, grain elongation during cooking, solids in
cooking water and cooking time. Rice varieties with amylose
content of more than 25% absorb more water and have a
fluffy texture after cooking[6]. Within an individual rice
particle, various processes occur during cooking. The heat-
ing, water uptake and swelling of the rice particle all involve
diffusive processes. When water is present at sufficiently
high temperatures, the starch undergoes a gelatinization
reaction. Many rice studies have concentrated on the soaking
of rice grains at fixed temperatures[7] or the parboiling
process. For temperatures below 50°C, the grains absorb a
limited amount of water up to approximately 30% moisture
content (wet basis). The resulting grains are not cooked
because the starch has not undergone gelatinisation. From
common experience with small samples, it is known that
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. As water is taken up by a rice particle, the
starch granules undergo a gelatinization reaction, the term
generally used to describe the swelling and hydration of the
granular starch[8].

Linear elongation of rice on cooking is one of the major
characteristics of good rice. Some varieties expand more in
size than others upon cooking. Length-wise expansion
without increase in girth is considered a highly desirable trait
of high quality rice[9]. Soaked milled rice of high gelatini-
zation temperature elongates less during cooking than low
and intermediate gelatinizing rice. Thus, Gelatinization tem-
perature correlates positively with grain elongation 10].

Thus far, most of the published research on cooking and
eating qualities in rice have focused on physico-chemical
properties i.e. amylose content (AC), Gel consistency (GC)
and gelatinization temperature (GT) which are directly re-
lated to rice cooking quality. Apparently, the amylose con-
tent reported for rice samples ranges from 24.6 - 28.8% and
the level vary within each location. Amylose consists of
linearly linked glucose molecules and is relatively resistant
to digestion, hence the term “resistant starch”. This means
that rice varieties with a greater proportion of starch in the
form of amylose tend to have a lower glycemic index.
Amylose content of milled rice has been found to correlate

positively with hardness values of cooked rice and nega-
tively with stickiness values[10]. Cooking quality of rice
mainly depends on amylose content and gelatinization tem-
perature. Amylose contents determine the texture of cooked
rice. Rice varieties with amylose content of more than 25%
absorb more water and have a fluffy texture after cooking.

Rice starch is usually digested quite rapidly, compared to
other starchy foods such as noodles, sweet potato or cassava.
This leads to a prompt and pronounced increase of the blood
glucose level (= high glycemic index) after the ingestion of
rice, similar to that of white bread or pure glucose[19]. Rapid
starch digestion is regarded as unfavorable, because fast
digestion can cause a sensation of hunger only shortly after
the ingestion of rice, and the energy released is quickly used.
Farmers cultivating rice landraces in the Philippines reported
a relatively long feeling of satiation after the ingestion of
certain varieties.

Consumers’ choice of rice varieties are largely based on
grain and cooking qualities. More so, the high rate of influx
of hybrid varieties and other new rice varieties to local
farmers who then abandon their hitherto cherished indige-
nous varieties without critical comparison is unacceptable.
Rice quality differs according to the variety and processing
method used[4]. The differences in quality which are mainly
attributed to differences in colloidal structure and the extent
of swelling of any variety of rice on cooking have always
been used as index of its quality.

Traditionally, Ebonyi farmers are rice producers growing
many varieties and prone to accepting any new varieties with
seemingly better grain yield without considering other
qualities. Therefore, there is need to assess the quality of new
hybrid varieties being introduced into the state and compare
them with the local varieties in order not to lose the already
existing varieties which may be better than the new ones in
overall merit. The overall objective of this study is to carry
out a critical comparison of adapted indigenous and the
newly introduced rice varieties in Ebonyi State with a view
to determining their nutritional worth, and advising farmers
and consumers accordingly. The specific objectives of this
work is, therefore, to evaluate the grain quality characteris-
tics such as cooking quality (e.g. water uptake ratio, grain
elongation, cooking time and solids in cooking water),
amylose, and amylopectin contents, gel consistency and
gelatinization temperature of some local and some newly
introduced hybrid rice varieties in Ebonyi State.

2. Materials and Methods

2.1. Plant Materials

A total of fifteen rice cultivars were collected from Ebonyi
rice farmers at their farm sites during harvest: five rice cul-
tivars from each of the three senatorial zones of Ebonyi State.
In addition, five new hybrid rice varieties were collected
from the Alliance for Green Revolution in Africa (AGRA)
research project at the Biotechnology Research and Devel-
opment Centre of Ebonyi State University, Abakaliki. The
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different rice cultivars were all planted and grown under the
same conditions. At maturity, the rice grains were harvested,
processed and taken to the Cereal Services Laboratory, Na-
tional Cereals Research Institute, Badeggi, Niger state for the
analysis of cooking quality and physico-chemical charac-
teristics as described below.

2.2. Analyses of Amylose and Amylopectin Contents

The amylose and amylopectin were analyzed by published
standard methods. The evaluation method described by
Perez et al. [1987] was used to analyze amylose content
while the amylopectin content was by the difference method.

2.3. Characterization of Rice for Cooking Quality and
other Physico-Chemical Parameters

2.3.1. Water Uptake Ratio

This was determined by cooking 2.0 g of whole rice ker-
nels from each treatment in 20 ml distilled water for a
minimum cooking time in a boiling water bath and draining
the superficial water from the cooked rice. The cooked
samples were then weighed accurately and the water uptake
ratio was calculated as the ratio of final cooked weight to
uncooked weight. Water uptake ratio = (weight of cooked
rice) / (weight of uncooked rice sample).

2.3.2. Solids in Cooking Water

This was determined by drying an aliquot of the cooking
water in a tarred evaporating dish to evaporate the water as
steam. The weight of the empty Petri dish was measured and
recorded (W)). This was followed by measuring the weight
of the Petri dish and aliquot (W;). The weight of the Petri
dish and the dry aliquot was measured (W3). The amount of
solid in cooking water was now calculated as: W; — W,
where W, = weight of empty Petri dish, W, = weight of
empty dish + dry aliquot (W3).

2.3.3. Cooking time

This was determined by boiling 2.0 g of whole rice kernels
from each treatment in 20 ml distilled water, removing a few
kernels at different time intervals during cooking and
pressing them between two glass plates until no white core
was left. Optimum cooking time was taken as the established
cooking time plus two (2) additional minutes.

2.3.4. Grain Elongation during Cooking

This was determined by first measuring the initial grain
length (L) before cooking. The final length (L,) after
cooking was then measured. The grain elongation during
cooking was then calculated as: L; — L,, where L= initial
grain length before cooking, L; = final length after cooking.

2.3.5. Gelatinization Temperature (GT)

This was indexed by alkali spreading test [11]. The degree
of spreading of individual milled rice kernel in a weak alkali
solution (1.7% KOH) at room temperature (32+2°C) was

evaluated on a 7-point numerical scale[12]. Each test was
conducted three times, each time, 10 intact milled grains
were placed on a petri dish to which 15 ml of 1.7% KOH was
added. The grains were carefully separated from each other
and incubated at ambient temperature for 23 hrs to allow
spreading of the grains. Grains swollen to the extent of a
cottony center and a cloudy collar were given an alkali
spread value (ASV) score 4 and used as check for scoring the
rest of the samples in the population. Grains that were un-
affected were given ASV of 1 and grains that were dispersed
and disappeared completely were given a score of 7. A low
ASV correspond to a high gelatinization temperature; con-
versely, a high ASV indicates a low GT.

2.3.6. Gel Consistency

This was determined based on the consistency of milled
rice paste that has been gelatinized by boiling in dilute alkali
and then cooled to room temperature. Tubes were laid
horizontally on a table lined with millimeter graph paper and
total length of the gel measured in millimeters

2.4. Statistical Analysis

All data were analyzed by the Analysis of Variance
(ANOVA) procedure using SAS software version 9.1 (SAS
Institute, 1998). Differences were declared statistically sig-
nificant when P < 0.05. Where significant differences were
detected, the means were separated by the least significant
difference (LSD) at 5% probability level. Interrelationships
among traits values were estimated using the Pearson cor-
relation coefficient.

3. Results

3.1. Variation in Amylose, Amylopectin, Gel Consistency
and Gelatinization Temperature (GT) Characteris-
tics among the 20 Evaluated Rice Cultivars

The values of the physico-chemical characteristics such as
amylose, amylopectin, gel consistency and gelatinization
temperature of the grain among the 20 cultivars used in this
study is shown in Table 1. Highly significant variation (p<
0.0001) was observed among these four physico-chemical
parameters. The amylose content among the varieties studied
ranged between 19.50-25.51%, with a mean value of
22.9142.01%. “Awilo” and “E4313” had the highest per-
centage of amylose, followed by Chinyereugo, E4077,
E4212 and MASS II. On the other hand, Farol4 (I) and
Farol4 (II) recorded the least value for percentage amylose
(Table 1).

The values for amylopectin content ranged between
74.42-80.50%, with a mean value of 75.95+9.45%.
“Faro14(I1)” and “Faro14(Il)” had the highest percentage of
amylopectin, followed by “Mass III” and “Mass 1I” while
“Awilo” and “Mass I” had the least percentage of amy-
lopectin, followed by E4314, Chinyereugo, E4077 and
E4212. “E4197”, “Farol4 (II)” and “Onuogwu” had the
highest values for gel consistency of 54.00, 53.33 and 53.33
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mm, respectively; while “Farol5 (I)” had the least value of
43.00 mm followed by “E4077” (44.67 mm), “Mass (I)”
(48.67 mm) and “China” (47.67 mm). The range of values
was between 43.00 - 54.00 mm with a mean value of
49.7+42.97 mm. The gelatinization temperature ranged from
low to high. Majority of the farmers’ varieties were of in-
termediate gelatinization temperatures, while three out of the
five newly introduced hybrid varieties had low gelatinization
temperatures.

3.2. Variation in Cooking Quality Characteristics among
the 20 Evaluated Rice Cultivars

The rice cooking quality characteristics evaluated in-
cluded water uptake ratio, grain elongation during cooking
(mm), solids in cooking water (g), and optimum cooking
time (i.e. normal cooking time plus 2 min). Highly signifi-
cant differences (p < 0.0001) were observed for these grain
quality characteristics among the 20 cultivars used in this
study (Table 2). “Farol5 (I)” had the highest value for water
uptake followed by “China”, while “Ezichi” had the least
followed by “Mass I”” and “Mass II”. The range of values for
water uptake ratio varied from 1.13-3.35 with a mean value
0f 2.24+0.56. Other cultivars had relatively high values. The
values of grain elongation during cooking among the varie-
ties studied ranged between 1.08-3.20 mm with a mean value
of 2.044+0.76 mm. Grains of “China” variety had the highest
elongation value, followed by “Sipi” and “Farol5 (II)”,
while “Canada” and “E4077” had the least values. It is
worthy of note that all the newly introduced hybrid varieties
showed very low values for grain elongation.

The values for solids in cooking water for all the varieties
studied were between 0.01 and 1.05 with a mean value of
0.23+0.25. “E4197” had the highest value for solids in

cooking water followed by “Farol5 (II)”, while “Farol5 (I)”
showed the least value, followed by “Sipi”, “Awilo”, “E4314”
and “Cooperative”. The optimum cooking time similarly
varied significantly among the rice cultivars ranging from 19
— 26 min with a mean value of 21.4542.24 min. “Awilo” and
“FARO 15” took the longest time to cook, followed by
“China” and Farol5 (I)”, while “FARO 14(I)”, “E4077”,
“E4212” took the shortest time interval to cook; and others
took average time to cook.

Significant correlations were observed among the phys-
ico-chemical and grain quality attributes as shown in Table 3.
Water uptake ratio was significantly correlated with grain
elongation during cooking, solids in cooking water, optimum
cooking time, and gelatinization temperature, though the
observed correlation coefficients were relatively low (Table
3). The positive direction in these observed correlations
suggest that these grain quality attributes will simultaneously
increase in rice cultivars having an increasing value for water
uptake ratio. Similarly, significant correlations were detected
between grain elongation during cooking and optimum
cooking time (r = 0.478, p <0.0001), amylose content (r = -
0.380, p=0.003), and gel consistency (r = 0.299, p = 0.020).
The negative value of correlation between grain elongation
during cooking and amylose content, indicates that cultivars
that elongate more during cooking would likely have a de-
creased content of amylose. Furthermore, a significant but
low correlation value was obtained between optimum
cooking time and gelatinization temperature (Table 3). Sig-
nificant but negative correlation values were obtained be-
tween amylose content with amylopectin and gel consistency,
suggesting that rice cultivars selected for high amylose
content may be invariably low in amylopectin content and
gel consistency.

Table 1. Variation in Physico-chemical Characteristics Observed among the 20 Rice Cultivars*

S/no. Cultivar Amylose (%) Amylopectin (%) Gel consistency (mm) Gelatinization behavior
1 Awilo 25.514 74.494 50.00PEF Intermediate
2 Canada 21.32" 78.68" 49.00¢ Intermediate
3 Faro 15 (I) 23.63" 76.37* 52.005¢ Intermediate
4 Faro 14 () 19.55% 80.45" 49.33CHEF Intermediate
5 Sipi 22.22¢ 77.78% 51.33"¢ Low
6 Faro 15(I) 24.07° 75.59% 43.00" Low
7 Faro 14 (II) 19.81% 80.19* 53,3384 Intermediate
8 China 4 24.39PF 75.61% 47.67 Intermediate
9 Chinyereugo 25.00% 74.954 53.00% Intermediate
10 Massl 20.24 79.74 48,679 Low
11 Onuogwu 21.15% 78.85% 53.3354 Low
12 Cooperative 23.10" 76.90* 50.33PF Intermediate
13 Mass (IT) 24.815¢ 74.42% 47.00' Intermediate
14 Mass (I1T) 20.66' 79.34% 48.336 Low
15 Ezichi 21.41" 78.594 52.338C Intermediate
16 E4314 25.1584 74.854 49.00¢ Low
17 E4197 24.45°¢ 75.554 54.00* Low
18 E4077 25.138 74.874 44.67% Low
19 E4212 24.878 75.134 48.00" Intermediate

20 E4334 21.41" 78.594 49.67%" Intermediate
Mean SE 22.91+2.01 75.95+9.45 49.7+2.97
Pro. 0.0001 0.0001 0.0001
LSDy.05 0.36 14.92 1.65

*Means followed with the same letter in each column are not significantly different (p<0.05).
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Table 2. Variation in Cooking Quality Characteristics Observed among the 20 Rice Cultivars Used in this Study*

Grain elongation dur-

Solids in cooking Optimum Cooking time

S/n Cultivar Water uptake ratio ing cooking (mm) water (g) (i.e.+ 2 minutes)
1 Awilo 2.65°¢ 2.92° 0.03" 26%
2 Canada 2.67¢ 1.08" 0.01 238D
3 Faro 15 (I) 2.44FP 2.62% 0.06" 24B¢
4 Sipi 2.67° 3.06° 0.08"™ 209F
5 Faro 14 () 2.37% 2.78° 0.01’ 196
6 Mass 111 2.50° 1.20% 0.30" 22FP
7 Faro 14 (II) 2.50° 2.40° 0.40° 215CP
8 Faro 15 (IT) 330" 3.00° 0.70° 2654
9 Chinyereugo 2.30° 2.60° 0.20" 22FCP
10 China 2.80° 3.20% 0.50°¢ 2450
11 Onuogwu 2.04" 2306 0.01’ 23FP
12 Co-operative 1.56' 1.36" 0.10™ 209F
13 Mass (I) 1.24' 1.18% 0.01" 209F
14 Mass (II) 1.16% 2.60" 0.36%P 20F
15 Ezichi 1.14% 2224 0.29% 2280
16 E4077 2.00" 1.10- 0.16%" 19¢
17 E4197 2.50° 1.30’ 0.95% 209
18 E4212 2.20° 1.40' 0.21% 196
19 E4314 2.50° 1.30’ 0.09¢™" 209F

20 E4334 2.20° 1.30° 0.156H 21F

Mean +SE 2.24+0.56 2.04+0.76 0.23+0.25 21.4542.24
Prob. 0.0001 0.0001 0.0001 0.0001
LSDy s 0.08 0.07 0.02 1.82

*Means followed with the same letter in each column are not significantly different (p<0.05).

Table 3. Correlation Coefficients among the Physico-chemical and Cooking Quality Characteristics among the Rice Cultivars*
WUR GEDC SICW OCT AMY AMPTN GC GT
WUR 1.00 0.293 0.255 0.397 0.060 -0.230 -0.053 0.261
’ (0.023) (0.049) (0.002) (0.650) (0.077) (0.686) (0.044)
0.121 0.478 -0.380 -0.063 0.299 0.047
GEDC 1.00 (0.356) (<0.0001) (0.003) (0.634) (0.020) (0.723)
0.047 0.003 -0.241 0.133 -0.064
SIew 1.00 (0.722) (0.983) (0.064) (0.311) (0.626)
-0.016 -0.254 0.107 0.266
ocT 1000 (0.904) (0.051) (0.417) (0.040)
-0.305 -0.264 0.052
AMY 1.000 (0.018) (0.042) (0.690)
0.144 -0.070
AMPN 1.000 (0.272) (0.596)
0.101
GC 1.000 (0.444)
GT 1.000

Note: WUR = Water uptake ratio, GEDC = Grain elongation during cooking, SICW = Solids in cooking water, OCT = Optimum cooking time,
AMY = Amylose content, AMPTN = Amylopectin content, GC = Gel consistency, GT = Gelatinization temperature. * Values in brackets indicate

probability levels.

4. Discussion

Rice varieties with a greater proportion of starch in the
form of amylose tend to have a lower glycemic index.
Amylose content of milled rice has been found to be posi-
tively correlated with hardness values of cooked rice and
negatively with stickiness values[10]. Cooking quality of
rice mainly depends on amylose content and gelatinization
temperature. Amylose contents determine the texture of
cooked rice and rice varieties with amylose content of more
than 25 % absorb more water and have a fluffy texture after
cooking[6]. “Awilo” and “Mass I” had the highest percent-
age of amylose, while “Faro14 (I & II)” recorded the least
value for percentage amylose, followed by “Mass (111 & II)”.
This means that “Awilo” and “Mass (I)” will be ideal for the

use of diabetic patients, since starchy foods with high amy-
lose level are associated with lower blood glucose level and
slower emptying of the human gastrointestinal tract com-
pared to those with low levels of this macromolecule[6].
Feeding with cooked rice high in amylose instead of
cooked rice low in amylose may be effective to control se-
rum blood glucose and lipids[13]. More so, Cristiane et al.
[14] reported that serum triglyceride and cholesterol levels
significantly decreased after consumption of a diet rich in
amylose compared to a diet rich in amylopectin (low amy-
lose). Interestingly, amylose and amylopectin are signifi-
cantly correlated in a negative direction (r=-0.305, p <0.018),
indicating that rice varieties high in amylose would invaria-
bly be low in amylopectin content. Shin et al.[15] also re-
ported that the high resistant starch (HRS) in rice reduced
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serum cholesterol and LDL cholesterol may be due to resis-
tant starch fermented to produce propionate which reduced
serum and hepatic cholesterol. On the other hand, “Faro14 (I
& II)” had the highest percentage of amylopectin followed
by “Mass (III & II)”. Amylopectin is composed of glucose
molecules with branched links and is less resistant to diges-
tion. This means that rice varieties with a greater proportion
of starch in the form of amylopectin tend to have a higher
glycaemic index (GI). The starch of waxy rice varieties
consists of amylopectin only. These varieties absorb less
water upon cooking and have a sticky texture[6]. Foods with
a higher GI are, in principle, more quickly digested than
those with a lower GI value.

Rice starch is usually digested quite rapidly, compared to
other starchy foods such as noodles, sweet potato or cassava.
This leads to a prompt and pronounced increase of the blood
glucose level (high glycemic index) after the ingestion of
rice, similar to that of white bread or pure glucose[6]. Rapid
starch digestion is regarded as unfavorable, because fast
digestion can cause a sensation of hunger only shortly after
the ingestion of rice, and the energy released is quickly used.
Therefore, “Awilo” and “Mass I’ with the least percentage of
amylopectin may be better suited than other varieties in this
regard, as it had the highest percentage of amylose which
indicates relatively lower glycemic index and could be
recommended as appropriate diet for diabetic patients.

In all the rice samples, “E4334” variety had the longest
cooking time. The variation in the cooking time could be
traced to its gelatinization temperature since gelatinization
temperature positively determines the cooking time of rice. It
has been asserted that the higher the value of gelatinization
temperature, the longer time it takes to cook rice[16]. Indeed,
based on this study, significantly positive correlation was
observed between gelatinization temperatures and cooking
time, though the r-value was low. According to Bhattacharya
and Snowbhagya[16], cooking time is primarily related to
the surface area of the milled rice and unrelated to other grain
properties.

Based on gel consistency classification, all the rice va-
rieties studied could be classified to be medium. However,
based on ranking, “Faro 15 (I)” and “E4077” should be said
to be harder than others. When cooked, rice types with hard
gel consistency harden faster than those with a soft gel con-
sistency. Rice with soft gel consistency cook more tenderly
and remain soft even upon cooling. Therefore, “E4197”,
“Farol4 (II)” and “Onuogwu” would be preferred by con-
sumers due to their tender texture[17]. The correlation be-
tween percentage amylose and gel consistency was negative
in direction, suggesting the unlikelihood of correlated re-
sponses in selecting for these traits.

It is worthy of note that all the newly introduced hybrid
varieties showed very low values for grain elongation. Lin-
ear elongation of rice on cooking is one of the major char-
acteristics of good rice[9]. Grain size and shape largely de-
termine the market value and consumer acceptance of rice,
while cooking quality is influenced by the properties of
starch. Some varieties expand more in size than others upon

cooking. Length-wise expansion without a corresponding
increase in girth is considered a highly desirable rice grain
quality trait[9]. In this regard, “China” could be said to be of
high quality since it recorded the highest value for grain
elongation during cooking. Grain elongation during cooking
is affected by over cooking as this may lead to disintegration
and curling of the cooked rice grain[18]. In such cases, under
cooking could be a recommended option in order to avoid
curling of the cooked rice grain[18].

The values for water uptake ratio obtained for the rice
varieties were comparable with the values reported by Frei
and Becker[6]. “Farol5 (II)” had the highest value of water
uptake ratio. Amylose content might be responsible for high
water uptake ratio, as Frei and Becker[6] had reported that
rice with high amylose content tends to absorb more water
upon cooking. This might also be as a result of high moisture
content of the rice varieties[19]. However, the correlation
between amylose and water uptake ratio was surprisingly not
significant. Therefore, the relationship between amylose
content and water uptake ratio needs to be clarified in sub-
sequent studies. It is worthy to note that high water uptake
ratio affects the palatability of the cooked rice negatively.
Solids in cooking water (loss in solids) affect the stability of
the cooked rice[18]. The variation in values may be as a
result of the variation in rice consistency, seen in the bursting
of the grains during and after cooking, as they are of different
varieties[20]. “E4197: IR68” variety lost a very high amount
of solids in the cooking water. Webb[21] proposed that
parboiling of rice grain reduces the rate of disintegration
during cooking than the corresponding raw rice. Most of the
physico-chemical characteristics (water uptake ratio, amy-
lose, amylopectin, gel consistency and gelatinization tem-
perature) were significantly correlated (positively or nega-
tively) with some of the cooking quality traits (grain elon-
gation during cooking, solids in cooking water, optimum
cooking time), which indicates that efforts aimed at selecting
rice varieties with improved cooking quality traits would
warrant a consideration of the physico-chemical attributes of
the rice grain.
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