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Abstract

Imported rice is perceived to have better cooking properties than locally grown rice in Nigeria and
it has increased its market share while reducing patronage for local rice. Rice in Nigeria has many
applications, including consumption as whole cooked grain or dumpling or use as an adjunct in making
beverages. Eighteen varieties of parboiled milled local rice and three imported rice varieties, coded Ip1,
Ip2 and Ip3, were studied for their cooking and functional properties using standard methods. There
was a significant (p< 0.05) increase in the dimensions of all the rice varieties when cooked. There was
a 25 g increase in the grain weight and an elongation ratio of more than 1.26 in all the rice varieties.
Ghesua had the highest cooked grain weight (68.67 g) while Omor-Mas (6.00) and R-Bus (6.00) had
the highest volume expansion ratio (VER). The VER was more than 3.00 for all the rice varieties.
All the local rice varieties imbibed less water (17.67-25.33 ml) compared to the imported rice varieties
(26.00-27.67ml) before they reached their optimum cooking time. The imported rice varieties were
of soft gel consistency (89.67-73.50 mm) and intermediate amylose content (20.71-23.14 %) while the
local rice varied in amylose and gel consistency. Abakiliki-Mas (27.00 mm) and R-8 (33.67 mm) were
of hard gel-consistency, intermediate (21.11 %) and high amylose (27.21 %) content respectively and
have not been exploited although they would be appropriate for making canned rice, dry mixes and
rice-noodles.

Keywords: Oryza sativa L; Dimensions; Elongation ratio; Volume expansion ratio; Gel consistency;
Amylose

Introduction

Rice is the staple food for over 3 billion people,
constituting over half of the world’s population

(Abiona, ; Anonymous, ; Danbaba et
al., ; Imolehin & Wada, ; Muthayya,
Sugimoto, Montgomery & Maberly, ; Oko
& Ugwu, ; Sanusi, Akinoso & Danbaba,

) especially in India, China, other parts of
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Asia, and Africa (Akaeze, ). Nigeria has
been the largest rice producing country in West
Africa since 1980 and the third largest in Africa,
after Egypt and Madagascar (Imolehin & Wada,

). Since the 1960s when rice was served
mainly at banquets and celebrations in Nigeria,
it has become one of the basic foods in the Ni-
gerians’ diet, with consumption rising from 8
kg per person in 1960 to 27 kg per person in
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2007 (Diagne, Bamba, Manful & Ajayi, ).
This led to importation of rice from Thailand
and USA as the quantity produced in Nigeria
was not enough for the masses. Today, import-
ation is sustained and imported rice is preferred
over local rice in Nigeria because of its cleaner
general appearance and perceived better cooking
properties than locally grown rice. Rice quality
is partially determined by the genetic makeup
of a variety but mainly by a variety of subject-
ive and objective factors (Bida, ; Mutters &
Thompson, ). Among the qualities determ-
ined objectively are the cooking and functional
properties of the rice grain (Webb, ).
Cooking properties’ evaluation is essential in or-
der to know the way in which each rice vari-
ety will react when heated in boiling water at a
temperature of 100+2°C. Rice exhibits different
characteristics when cooked including tendency
to cling together, ability to become fluffy and
lie separate, expansion in volume and length, in-
crease in weight and loss of rice solids. Food
vendors prefer rice with high volume expansion
ratio (VER) in order to increase profit from sales.
For increased satiety, rice with higher weight gain
is prescribed. In Chinese cuisine, short-grain
rice is preferred because the grains are sticky
or mushy and are easier to eat with chopsticks
(Webb, ). In the US, the preference is for
long grain rice that becomes fluffy and lies sep-
arately when cooked.

Rice is consumed as whole grain cooked rice
along with sauce, Jollof or fried rice, local bever-
ages and dumpling in Nigeria. Some of the
most important uses and processing applications
of rice include boiled or steamed whole-grain
rice for consumer use; dry breakfast and baby-
food cereals; brewers rice; canned rice such as
in soups, puddings and mixes; quick cooking,
other convenience and specialty food products;
rice flour as a thickener in sauces, gravies and
puddings; rice starch for industrial and other
processes; and preparations for certain types of
fermented foods (Webb, ). Amylose con-
tent and gel consistency can highly influence pro-
cessing qualities of rice, which can vary based
on the varieties as evaluated by Thomas, Wan-
Nadiah and Bhat ( ) for Malaysian rice and
Bhonsle and Krishnan ( ) for aromatic rice
varieties in Goa India.
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There are limited studies and paucity of inform-
ation on the cooking and functional character-
istics of rice milled and consumed in Nigeria
(Akaeze, ) which makes Nigerians limit their
use of local rice and perceive that imported rice
has better cooking properties than local rice. It
is imperative to evaluate the cooking and func-
tional properties of the rice varieties as this will
influence their post-harvest handling (Sanusi et
al., ). Parameters determined as indices of
the cooking properties of rice were physical di-
mensions, elongation ratio (ER), weight increase
(WI), volume expansion ratio (VER), water up-
take ratio (WUR), minimum and optimum cook-
ing time, solid loss in water (SLIW) and volume
of water absorbed (VWA). Parameters determ-
ined as indices of the functional properties were
amylose content and gel consistency. The object-
ive of this study was to determine the cooking
and functional properties of local rice varieties
sold in South-East Nigeria and also establish how
they correlate.

2 Materials and Methods

2.1 Materials

Eighteen varieties of parboiled milled domestic
rice were obtained from different rice processing
units and markets in Enugu (FARO 44, Fadama,
Fortin 16 and Fortin 16, old variety), Anambra
(Omor-Mas, R-Bus, FARO 40, Igboukwu rice,
Aguleri rice, Taraba rice and B-G) and Ebonyi
(Akpujie, kpurukpuru, Afikpo-Mas, Abakiliki
Mas, R-8, 306 and Geshua) states as represen-
ted in Tables 1-4. Three imported parboiled rice
varieties were purchased from Ogige market in
the Nsukka Local Government Area of Enugu
State, Nigeria. The imported rice varieties served
as a control and were coded as Ipl, Ip2, and
Ip3. The imported rice varieties were procured
based on cost (Ipl), commonly consumed rice
variety (Ip2) and difference in length size (Ip3).
The samples collected were manually cleaned us-
ing plastic trays in order to remove contamin-
ants such as husk, shrivelled kernels (defectives),
stones and seeds. All samples were stored at
254+2°C, in a moisture free environment, until
needed.
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2.2 Methods

The cooking method adopted was as described
by Odenigbo, Ngadi, Ejebe, Woin and Ndindeng
( ). Four grams of each rice variety were
placed in a beaker containing 60 ml (V1) of dis-
tilled water. The rice grains were cooked in a wa-
ter bath at 100+1 °C. Measurements were taken
after 10 minutes of cooking and every minute
thereafter. The measurements involved collec-
tion of 5 grains from the cooking vessel and press-
ing between two glass slides. The time when a
minimum of 95% of the collected boiled grains no
longer displayed an opaque core or un-gelatinized
centers was recorded as the Minimum Cooking
Time (MCT). The rice was allowed to simmer
for another 2 min to ensure that the core of all
grains had been gelatinized. This additional 2
min after the MCT was referred to as Optimum
Cooking Time (OCT).

Cooked grain dimensions

Cooked grain dimensions were determined by the
method described by Bida ( ).

Cooked grain length

Ten cooked whole rice grain samples of each vari-
ety were randomly selected and the length of
the grains measured using a digital calliper (0.1-
100mm A&D Company Limited). The mean
value of each variable was determined and noted
as Ly. The value obtained was recorded as each
sample’s cooked grain size.

Cooked grain shape

Ten optimum cooked whole rice grain samples
of each variety were randomly selected and the
width of the cooked grains were determined us-
ing a digital calliper (0.1-100mm A&D Company
Limited) and noted as Wds. The length/ width
ratio of the samples were calculated using Equa-
tion (1). The mean value of each variable was
obtained and the value obtained was recorded as
the grain shape for each sample.

L_ L
W Wds

(1)
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Thickness of cooked rice grain

Ten cooked whole rice grain samples of each vari-
ety were randomly selected and the thickness
of the grains measured using a digital calliper
(0.1-100mm A&D Company Limited). The mean
value was obtained and recorded as each sample’s
thickness.

One-thousand (1000) cooked grain weight

One hundred optimum cooked kernel represent-
ative sample (triplicates) for each variety were
randomly selected. The weight of each sample
was determined using a 500g capacity weighing
scale (Electronic Pocket Scale Model EHA251).
The value obtained was multiplied by 10. The
cooked 1000 kernel mean weight of the samples
were obtained and noted as Ws.

Volume of cooked grains (VCG)

Volume of cooked grains (Vo ml) was determined
by a displacement method as described by Gari-
boldi ( ). The optimum cooked rice grains
were removed from the water bath and allowed
to drain off excess water. The wet cooked grains
were placed on filter paper to blot out excess wa-
ter. Ome hundred cooked grains were counted
and put in a measuring cylinder containing 20 ml
of water (V3). The new volume of water after the
cooked grains were added to the measuring cyl-
inder was noted as (V4). The volume of cooked
grains was obtained by subtracting the Volume
of water containing cooked-rice grains from the
initial volume of water contained in the measur-
ing cylinder (Equation 2).

Va(ml) =Vy— V3 (2)

Where, V3 = volume of cooked rice grain (ml),
V4 = New volume of water after the cooked
grains were added to the measuring cylinder (ml)
V3 = volume of water used in determining
volume of cooked grain (ml).

Density of cooked rice grain (DCG)

Density of a cooked rice grain was obtained by
dividing one-thousand grain weight of cooked rice
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grain with its volume (Equation 3)

Density(g/ml) = % (3)
2

Determination of minimum and
optimum cooking time

The minimum and optimum cooking times were
determined according to the method described
by Odenigbo et al. ( ).

Quantity of water absorbed

Quantity of water Vg (ml) absorbed by rice
samples was determined as described by Gari-
boldi ( ). The remaining distilled water, after
the rice reached its optimum cooking time, was
measured in a volumetric flask and its volume
recorded (V). Quantity of water absorbed was
obtained by subtracting the volume of remaining
distilled water from the initial volume of water
used in cooking rice samples (Equation 4).

Ve(ml) = Vi — Vs (4)

Where, Vg = volume of water absorbed by rice
sample (ml);

V1 = initial volume of water used in cooking rice
sample (ml)

V5 = volume of water remaining after cooking
rice (ml)

Volume expansion ratio (VER)

Volume expansion ratio was determined accord-
ing to the method described by Gariboldi ( ).
The volume expansion ratio (Vg) was calculated
using Equation (5)

Va

V=2
8 V7

(3)
Where, V3 = volume of cooked rice (ml) and
V7 = volume of raw rice (ml).

Weight increase (WI)

The increase in weight of rice samples was ob-
tained as described by Gariboldi ( ). The
cooked rice grains were removed from the water
bath and allowed to drain off excess water. One
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hundred (100) cooked rice grains were weighed
(W2) and multiplied by 10. The increase in
weight was obtained by subtracting the weight of
cooked rice grains from the uncooked rice grains
W1 (Equation 6).

Ws(g) = Wa — W (6)

Where, W3 = weight increase of cooked rice (g);
Wy = weight of cooked rice (g)
W, = weight of raw rice (g)

Elongation ratio (ER)

Elongation ratio of rice grain samples was de-
termined according to the method of Odenigbo
et al. ( ). Ten optimum cooked grains of each
sample were measured using a digital calliper
(0.1-100mm A&D Company Limited). Average
length of the cooked grains (Ls) was divided by
average length of 10 uncooked grains sample (L)
for each variety and Equation (7) used to evalu-
ate their Elongation ratio.

ER =22
R I

(7)

Water uptake ratio (WUR)

Water Uptake Ratio was determined according to
the method described by Bida ( ). The op-
timum cooked grains were strained and placed on
filter paper to remove excess water and weighed.
The WUR was determined as shown in equation
8

WUR = —2 (8)

Degree of agglutination (solid loss in
water)

The Resistance of kernels to become sticky on
boiling (degree of agglutination) was determ-
ined according to the method described by Gari-
boldi ( ). All the water used for boiling rice
was drained off and afterwards evaporated. The
amount of solid matter lost while cooking rice
samples was obtained and weighed. The weight
obtained is the degree of agglutination expressed
in grams Ws.
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2.3 Functional properties

Gel consistency (GC) determination

Gel Consistency (GC) of the rice samples was
determined according to the method of Cagam-
pang, Perez and Juliano ( ). 100 mg rice flour
of 12% moisture was placed in 13 x 100mm cul-
ture tubes. The powder was wet with 0.2ml 95%
ethanol containing 0.025% thymol blue. The
tube was shaken and 2.0ml of 0.2N KOH ad-
ded immediately and the mixture dispersed. The
tubes were covered with glass marbles and placed
for 8 minutes in a boiling water bath. After-
wards, the samples were removed and kept at
room temperature for 5 minutes, and then cooled
in ice cold water for 15 minutes. The tubes were
removed afterwards from ice water and laid ho-
rizontally over a ruled paper graduated in milli-
metres and the length of the gel from the bot-
tom of the test tube was measured after 30-60
minutes. The rice was classified based on these
categories: Soft = 61-100 mm, Medium= 41-60
mm, Hard= 26-40 mm

Amylose content determination

Amylose Content (AC) was determined accord-
ing to the method of Juliano ( ). 100mg of
rice flour was poured into a 100 ml volumet-
ric flask. 1ml of 95% ethanol and 9 ml of 1 N
NaOH was added to the rice flour and the mix-
ture heated for 10 minutes in a boiling water
bath. After heating, the mixture was cooled and
made up to 100 ml volume with distilled water.
5 ml of the 100 ml solution was taken and put
into another 100 ml volumetric flask. 1 ml of 1 N
acetic acid was added and 2 ml Todine-potassium
iodide solution added subsequently. The volume
of the mixture was made up to 100 ml with dis-
tilled water. The sample was shaken and allowed
to stand for 20 minutes and the per cent Trans-
mittance determined at 620 nm using a colori-
meter. Amylose content of the samples was de-
termined in reference to a standard curve (graph)
and expressed on percent basis.

ASam €
Amylose(%) = [Amylose]stq - Tpl 9)
std

where [Amylose]siq is the Amylose content of
standard in

Amylopectin(%) = 100 — % Amylose  (10)

Based on amylose content, milled rice is classi-
fied in “amylose groups”, as follows: waxy (1-
2% amylose), very low amylose content (2-9%
amylose), low amylose content (10-20% amylose),
intermediate amylose content (20-25% amylose)
and high amylose content (25-33% amylose)
(Bida, ).

2.4 Statistical Analysis

The study adopted a completely randomized
design (CRD). The data generated were subjec-
ted to one way analysis of variance (ANOVA) us-
ing SPSS version 20.0. Means were separated us-
ing Duncan’s Multiple Range Test (DMRT) and
significance was accepted at 0.05 level of probab-
ility (Akande, Onyegbula, Salawu, K Oladipo &
Adetunji, ).

3 Results and Discussion

3.1 Cooked grain dimensions

Table 1 shows the length, width, thickness and
length-width ratio of raw and cooked domestic
rice varieties marketed in South-East Nigeria.
There was a significant (p < 0.05) increase in
the length, width and thickness of all the rice
varieties when cooked. All of the raw medium
and long grain rice varieties became extra-long
grains when cooked as described by the FAO
(Foot note Table 1). Akpujie had the highest
cooked grain length (10.19 mm) compared to Ip2
an imported rice variety (9.95 mm). Ipl had the
highest length-width ratio (3.52 mm) compared
to Abakiliki Mas a local rice variety (3.20 mm).
Table 2 shows the weight, volume and density
of raw and cooked domestic rice varieties sold in
South-East Nigeria. There was a significant (p
< 0.05) increase in the volume and weight of all
the rice grains when cooked. There was an in-
crease of more than 25 g in weight of all the rice
varieties when cooked. Geshua had the highest
cooked grain weight (68.67 g) compared to Ip3
(59.33 g). FARO 40 had the highest cooked grain
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Table 1: Length, Width, Thickness and Length-width ratio
Sold in the South-East Nigeria
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of Raw and Cooked Domestic Rice Varieties

Rice variety LRG (mm) LCG (mm) WRG(mm) WCG (mm) TRG(mm) TCG (mm) L/WRG L/WCG
Imported Rice Variety

Ipl 7.19%040.35 9.48"°£0.64 2.03940.15 2.7194£0.19 1.69°£0.12 2.33¢/£0.25 3.57°4+0.34 3.52°+0.19

1p2 7.07%0°£0.27 9.95%+0.57 2.08"7£0.12 2.871940.16 1.7700¢de 40,11 2.307+0.09 3.40%°+0.19 3.47°40.27

p3 6.117+0.47 9.020%€+0.42  2.007£0.12 3.01%7+£0.26  1.68°+0.11 2.45%7+0.18  3.08°¢+0.20  3.03"¢9¢+0.33
Enugu State

Faro 44 6.86"°%f £0.31  9.20°040.43 2.24%F9h£0.13  3.13¢¢/£0.22  1.8390°+£0.12  2.44%7+0.18  3.08°%£0.20  2.95"d¢/9+0.17
Fadama 6.1299 £0.56 8.099"+£0.39  2.21¢/9h+£0.20  2.94°79+0.18  1.86%°+0.16 2.469¢/£0.21  2.79/9h+£0.21  2.78/9"+0.19
Fortin 16 6.419M7£0.27  8.35/9"+£0.98  2.26°¢/9+0.17  2.90/9+0.35 1.88%+0.11 2.429¢/£0.16  2.84°79+£0.27  2.90°%/9+0.38
Fortin 16 (old variety) 6.4579"7+£0.54  8.60%/9+0.26  2.19¢/9"+£0.21  2.95¢/9+£0.36  1.85%°+0.14 2.317+0.23 2.999¢/94£0.43  2.98>¢d¢ +£0.41

Anambra State
Omor-Mas
R-Bus

Faro 40
Igboukwu rice

6.25"%7 +0.30
6.60%°79"+£0.51
6.55°/9M1£0.41
6.077%+0.44

8.669¢/9+£0.60
9.48"°£0.90

8.97¢4¢f £0.57
8.46°79"+0.61

2.29°4¢/ £0.09
2.17¢9M7 £0.22
2.17¢79M7 £0.12
2.40%¢440.13

Aguleri rice 6.339M7£0.56  8.6249¢/9+£0.47  2.57°+0.13
Taraba rice 6.71¢0¢f9+0.36  8.87°¢/ £0.87  2.1479Mi +(.21
B-G 6.50°/9M17+0.39  8.96°4/ £0.44  2.41"°+0.24
Ebonyi State

Akpujie 7.47°+0.76 10.19°40.62  2.330¢de+0.17
Kpurukpuru 5.69FF+0.15 7.89"+0.72 2.47%+0.12
Afikpo-Mas 6.72¢4¢/940.35  9.23°04+0.43 2.119"740.13
Abakiliki Mas 7.00°¢£0.30 9.11¢4£0.51 2.109"7 £0.12
R-8 6.63%°79"£0.38  9.22°110.35 2.22¢797+0.18
306 6.93%4£0.61  8.72%/£0.84  2.18°/9M+0.12
Geshua 5.55540.31 8.099"£0.47  2.57%+0.27
Mean 6.53+0.62 8.91+0.81 2.24+0.22
LSD0.05 0.38 0.54 0.15

CV (%) 6.6 6.9 7.4

3.25%¢4+0.31
3.10°%¢/ £0.37
3.01%7 £0.17
3.25P¢440.15
3.40°+0.25
3.21%¢¢+0.30
3.31°°£0.31

3.45°+0.25
3.42°+0.37
2.999¢/ £0.22
2.8719+0.26
3.06°%°7 £0.15
3.13¢%¢ £0.19
3.70%+0.30
3.13+0.34
0.23

8.5

1.73%¢de£0.08
1.70%+0.16
1.829%¢1 10,06
1.8220¢d4(.10
1.86%0+0.10
1.68°£0.15
1.84%%¢£0.11

1.78b¢de 10,10
1.83%0¢£0.11
1.70%+0.22
1.66°40.13
1.72¢%£0.08
1.779%¢de 10,07
1.74bde+0.13
1.77+0.14
0.11

6.9

2.620¢440.23
2.439¢/ £0.24
2.52¢4¢/+0.15
2.637°440.21
2.59%°1+0.19
2.53bedef £0.25
2.73%0¢+0.21

2.91%+0.26
2.769°+£0.16
2.55¢d¢+().33
2.4991 £0.23
2.59°¢4£0.16
2.63%°1£0.36
2.749¢4(.29
2.5440.26
0.20

8.8

2.749"+0.10
3.07%°£0.35
3.03%/ £0.19
2.54M40.22
2.45140.22
3.17°1+£0.36
2.739"+0.26

3.220¢0 40,24
2.309£0.14
3.207°040.21
3.3570°£0.29
3.027¢/ £0.40
3.18%4£0.28
2.18740.19
2.95+0.44
0.24

9.1

2.699"+0.30
3.07°°440.21
2.98b¢def £0.19
2.60"40.22
2.53"+£0.19
2.79%¢/9h +0.31
2.73797+0.32

2.950¢def9£0.17
2.349£0.30
3.12¢0.33
3.20°40.29
3.010¢d¢f +0.19
2.799¢/9h 40,32
2.21940.17
2.89+0.40

0.24

* Values are means= standard deviation of replicate determination. Means in the same column carrying similar superscript are not significantly (P>0.05) different.
Extra-long grain rice = 7.00 mm and above, Long grain rice =6.00 to 6.99 mm, medium grain rice = 5.00 to 5.99 mm, short grain rice = less than 5.00 mm.

LRG= Length of raw grain, LCG= Length of cooked grain WRG= Width of raw grain, WCG= Width of cooked grain, TRG= thickness of raw grain,
TCG= thickness of cooked grain, L/WRG=Length-width ratio of raw grain, L/ WCG=Length-width ratio of cooked grain

volume (80.00 ml) compared to Ipl (73.33 ml)
while Ip3 had the highest cooked grain density
(1.93 g/ml®). The cooked grains were less dense
than the raw grains as a result of the increase in
volume of the rice grains when cooked (expan-
sion of the starch granules) and a non-variation
or change in the molecular mass of the cooked
grains.

3.2 Other cooking properties of
domestic rice varieties

Table 3 shows other cooking properties of do-
mestic rice varieties sold in South-East Nigeria.
Ip3 had the highest ER (1.50) compared to a
local rice variety (1.46) though there was no sig-
nificant (p > 0.05) difference between them. The
elongation ratios of all the local rice varieties
were more than 1.26 of its raw grain length when
cooked. The values of ER (1.27-1.50) were within
those (1.08-3.20) reported by Oko, Ubi and Na-
hemiah (2012) for selected local and newly in-
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troduced rice varieties in Ebonyi State, Nigeria.
Thomas et al. (2013) reported ER values of 1.37-
1.77 for six different rice cultivars in Penang,
Malaysia. Yadav, Khatkar and Yadav (2007) had
earlier reported ER values of 1.52-1.89 for some
Indian rice (oryza sativa L.) cultivars which were
similar to those (1.29-1.74) reported by Singh,
Kaur, Sodhi and Sekhon (2005) for 23 milled
varieties of Indian rice. Geshua had the highest
weight increase (49.67 g) compared to an impor-
ted rice variety (41.33 g).

Omor-mas and R-Bus had the highest VER
(6.00) compared to an imported rice variety
(5.00). There was an expansion ratio of more
than 3.00 for the rice varieties’ raw grain volume
(3.03-6.00) when cooked (Table 3) except for
Fadama (2.0). These rice varieties with high
VER would produce rice with higher volume
than those with less VER, of the same quantity,
when cooked and this is desirable. According to
Akaeze (2010), imported rice swelling capacity
is mostly preferred by restaurants and fast food
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Table 2: Weight, Volume and Density of Raw and Cooked Domestic Rice Varieties Sold in South-East

Nigeria

Rice variety

RGW(g)

CGW (g)

Imported rice variety

Ipl 21.00°%¢/940.00 51.339"+4.16
Ip2 19.339"4£0.58 57.33¢4¢f943.05
Ip3 18.00°+1.00 59.330¢def +4.16
Enugu State

Faro 44 23.00%0£0.00 50.009"+0.00
Fadama 20.679¢794£0.58  50.009"0.00
Fortin 16 20.679¢794£0.58  46.67"£3.05

Fortin 16 (old variety)

Anambra State
Omor-Mas
R-Bus

Faro 40
Igboukwu rice
Aguleri rice
Taraba rice
Ebonyi State
B-G

Akpujie
Kpurukpuru
Afikpo-Mas
Abakiliki Mas

21.33bcdef 1,15

20.679¢79+0.58
21.67%4+1.53
22.67%¢£0.58
22.33b¢d+0.58
24.33%41.53
19.6779h+£0.58

22.679b°+1.53
22.33b¢d+1.15
20.00¢/940.00
19.339M4£0.58
20.33¢/940.58

52.67¢79"+1.15

62.67%0°+£13.31
53.334¢f9h 41,15
56.00°%¢/94+4.00
52.0019"£2.00
60.67°¢4+1.15
54.009¢F 92 +0.00

60.00%°%€ 42,00
66.00%0+£2.00
66.67°0+£3.06
52.67¢/9"+3.06
55.33¢def944.16

R-8 19.339"4£1.53 56.00°4¢f946.00
306 20.679¢794£0.58  60.00°°%€+3.46
Geshua 19.00M+1.73 68.67°+1.15
Mean 20.9041.74 56.7326.73

SE 0.54 2.35

CV (%) 4.5 7.2

VRG (ml) VCG (ml®) DRG(g/ml) DCG (g/ml?)
16.67%4+5.77  73.33%°+£11.55  1.33%°+0.58  0.707+0.10
13.33904£5.77  53.33°%€+11.55 1.67%0+0.55 1.13bcdef +0.23
10.00°40.00  33.33/£11.55  2.00°+0.10 1.97%40.72
13.339045.77  40.00%f£0.00 1.679040.64 1.30°¢440.00
20.00%40.00  40.00°f£0.00 1.0340.06 1.30%¢440.00
13.33%°45.77  60.00°°+£0.00  1.67°°+0.64  0.77¢f+0.06
13.33%045.77  60.00°°¢40.00  1.73%°+0.59  0.90%/+0.00
13.339045.77  73.339°+11.55  1.73%°+0.55  0.879¢/+0.31
13.33%045.77  73.33%°x11.55  1.67*°+0.62  0.77¢/£0.12
20.00%+0.00  80.00%=£0.00 1.53%°4£0.06  0.73/40.06
18.33904£2.89  60.00°¢¢4+20.00  1.77%0+0.21 0.97¢def £0.31
18.33904+2.89  73.33%0+11.55  1.47°v+0.15  0.87%f+0.12
13.33%°42.89  73.33%°+11.55  1.40°°+0.40  0.77¢f+0.12
16.67%°4+2.89  50.009¢7+0.00  2.07°+0.15 1.20%¢4¢£0.00
16.67%°45.77  70.00a*£10.00  1.50%°+£0.67  0.97°%S+£0.12
10.00°40.00  50.009¢/+£10.00 1.43%°+0.00  1.40°°+0.36
11.67%°42.89  55.00°%¢£5.00  1.27°°+£0.38  0.93%/+0.06
15.00%°+5.00  60.00°¢+0.00  1.30%°+£0.57  0.93%/+0.06
16.679°+£2.89  65.0090<4+5.00 1.30%°+£0.26  0.87%f+0.06
13.33904£5.77  55.00°%€+5.00  1.53%0+0.64 1.07°¢def £0.06
10.00°40.00  50.009¢7+10.00 1.63%0+0.17 1.4340.35
14.60+4.61 59.44+14.68 1.58+0.45 1.04+0.36
2.42 5.21 0.28 0.13

6.91 14.89 0.81 0.37

28.7 15.2 31.6 21.8

* Values are means+ standard deviation of triplicate determination. Means in the same column carrying similar superscript
are not significantly (P>0.05) different
RGW= Raw grain weight, CGW= cooked grain weight, VRG= volume of raw grain VCG= volume of cooked grain,
DRG= density of raw grain DCG= density of cooked grain

outlets, which is one of the reasons why imported
rice consumption in Nigeria has expanded at the
expense of local rice market development. It is
clear that the above statement is not absolutely
correct as Omor-Mas and R-Bus, which are local
rice varieties, had the highest volume expansion
ratio among all the rice varieties. Food vendors
should use rice varieties with high VER in order
to increase profit from sales.

From Table 4, the water uptake ratio of Geshua
(3.63) was higher compared to Ip3 an imported
rice variety (3.30). WUR is a measure of the
rate at which the rice grains take up water and
increase in weight. WUR had a high positive
correlation (0.95) with weight increase. Geshua
and Kpurukpuru had the highest water uptake

ratio of 3.63 and 3.33 respectively, and thus had
higher weight. Geshua which had the least raw
grain weight (Table 1) among the local rice vari-
eties had the highest cooked grain weight of 68.67
because of its WUR. Grains with high WUR are
desirable as they will cause increase in weight
and increased satiety when consumed.

Kpurukpuru and Geshua had the highest op-
timum cooking time (OCT) of 45.33 and 40.00
minutes respectively compared to the imported
rice varieties (22.67-31.33 mins). However, a
significant percentage (33.33%) of the local rice
varieties had a lower OCT (17.00-21.33 mins)
than the imported rice varieties while a large
percentage (83.33%) of the local rice varieties
were within the range of OCT (17.00-29.33 mins)
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Table 3: Some Cooking Properties of Domestic Rice Varieties Sold in South-East Nigeria

Rice variety ER WI (g) VER
Imported rice variety

Ipl 1.32%£0.13  30.339M7£4.16 5.009°£2.65
Ip2 1.4190¢d4£0.07  38.00°%¢f9+2.65  4.33%b°+1.53
Ip3 1.50940.17 41.33bede 4513 3.3390¢4+1.15
Enugu State

Faro 44 1.35%+£0.11  27.00940.00 3.3390¢4+1.15

Fadama 1.33%¢44+0.14  29.33"+0.58 2.0°+0.00
Fortin 16 1.30940.13 26.007+2.65 5.00904+1.73
Fortin 16 (old variety) 1.34%¢£0.10  31.33/9"7£1.15  5.00%°£1.73
Anambra State

Omor-Mas 1.4090cd4+0.12  42.00°¢¢+13.74 6.00%+2.00
R-Bus 1.46°°+0.17 31.6779"54+2.08  6.00%+2.00
Faro 40 1.382bcd4+(). 10  33.33¢/9Mi4+4.04  4.00%°¢£0.00

Igboukwu rice

1.39abcd 1) 15

29.679M74+2.08

3.232b¢4() 68

Aguleri rice 1.387b¢d£0.18  36.33°4¢f9"+£2.08  4.00%°+0.00
Taraba rice 1.32%1£0.15  34.33%¢f9hi£0.58 5.7774+2.04
B-G 1.379bcd 40,13 37.33°def9h 1208  3.03°¢+0.46

Ebonyi State

Akpujie 1.389bcd+(0.18  43.67*°+3.06 4.50%b¢4+1.32
Kpurukpuru 1.4090¢44£0.16  46.67*°+3.06 5.00%°+1.00
Afikpo-Mas 1.3890¢d+0.10 33.33°f9Mi4£321  4.93%0+1.44
Abakiliki Mas 1.31°40.06  35.00%f9h4+3 61 4.33%bc4+1.53
R-8 1.3990¢d4£0.10  36.67°%f9"+£6.66  3.93%0¢40.40
306 1.27%40.15 39.33bcdef £3 79 4.60%°+1.64
Geshua 1.45%¢4+0.12  49.67°£1.73 5.009°+1.00
Mean 1.3740.14 35.83+7.14 4.40+1.54
SE 0.04 2.44 0.83
LSDO0.05 0.12 6.98 2.37

CV (%) 9.9 11.8 32.7

* Values are means + standard deviation of triplicate determination.
Means in the same column carrying similar superscript are not significantly
(P>0.05) different. ER=Elongation ratio, WI=weight increase,
VER=volume expansion ratio
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Table 4: Some Cooking Properties of Domestic Rice Varieties Sold in South-East Nigeria (Continued)

Rice variety WUR MCT (mins) OCT (mins) SLIW (g) VWA (ml)
Imported rice variety

Ipl 2.47%f940.21  20.6779%+£3.79  22.67/9"4+3.79  0.03*°+£0.06  26.33°°+1.15
Ip2 2.97%¢440.15 20.0079"£7.81  22.00f9M47.81  0.17%°4+0.12  26.00%°+4.00
Ip3 3.30%0+0.46 29.33°40.58 31.33¢40.58 0.20%0+£0.20  27.67%+2.52
Enugu state

Faro 44 2.209+0.00 20.6779M 4321 22,6779 4321 0.10%°¢4+0.10  25.00%0¢?+3.46
Fadama 2.43¢7940.06 15.007 £0.00 17.007 £0.00 0.1790¢£0.15  24.67%b°d€ 42 08
Fortin 16 2.27/940.12 17.679M74£2.08  19.679"7+£2.08  0.07°°+£0.06  24.337bcde42 59

Fortin 16 (old variety)

Anambra state
Omor-Mas
R-Bus

Faro 40
Igboukwu rice
Aguleri rice
Taraba rice
B-G

Ebonyi state
Akpujie
Kpurukpuru
Afikpo-Mas
Abakiliki Mas
R-8

306

Geshua

Mean
SE
LSDO0.05
Cv

2.50%¢/940.10

3.03%¢+0.70

2.474ef940.21
2.474ef940.15
2.377940.12

2.504¢f940.17
2.73¢def £0.06
2.67°%f94+0.21

2.97b¢d+(.21
3.33%4+0.15
2.70%def94+0.17
2.73¢def +0.15
2.90bcde (). 44
2.93bede 40 21
3.6394+0.32

2.744+0.43
0.15

0.42

9.2

23.67%/ +£0.58

36.67°+0.58
19.33F9Mii 4404
17.00"94+1.73
19.33/9Mi7 +0.58
26.33°4€+0.58
27.33°14(.58
26.00°% +3.61

21.67¢19"+0.58
43.33%40.58
16.33174+2.52
20.00/9M+1.73
22.674¢/9+2.89
26.33°%€ +0.58
38.00°+0.00

24.16£7.66
1.53
4.38
11.0

25.679¢/ £0.58

38.67°+0.58
21.33f9hMi 44 .04
19.00"741.73
21.33f9h13 40,58
28.33¢de+(.58
29.33°94(.58
28.00°% +3.61

23.67¢f9"+0.58
45.33%40.58
18.331742.52
22.00/9h+1.73
24.67%f942.89
28.33¢de (.58
40.00°40.00

26.16£7.66
1.53
4.38
10.2

0.10%°¢+0.00

0.10%°¢+0.00
0.13%0¢+0.15
0.137¢40.06
0.07%¢£0.12
0.07%¢+0.06
0.07°¢+0.06
0.27940.06

0.07°¢+0.06
0.13%0¢+0.12
0.137¢40.06
0.132¢40.06
0.00¢£0.00
0.07°¢+0.06
0.07°¢+0.06

0.11£0.10
0.05
0.15
82.3

17.67"+2.31

22.00bcdefah 49 65
22.00bcdefah 43 61
23.679bcde (). 58
22.67bcdefa 492 08
25.33%0¢ 42 08
23.002b<def £3.00
18.67/9"+1.53

18.67/9"+2.08
20.00¢f9"+3.46
22.670cdef9 40 58
20.33%¢f9h 49 59
21.00¢def9h +92 65
18.009"+1.73
17.67"+£2.52

22.25+3.64
1.45
4.15
11.3

* Values are meanst standard deviation of triplicate determination. Means in the same column carrying similar
superscript are not significantly (P>0.05) different.
WUR= water uptake ratio, MCT= minimum cooking time, OCT= optimum cooking time,
SLIW= solid loss in water, VWA= volume of water absorbed
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Nigeria
Rice variety Gelconsistency (mm) Gelconsistency  Amylose (%) Amylopectin (%) Classification
Behaviour based on Amyl-

ose Content

Imported rice variety

Ipl 80.00%%¢+10.00 Soft 20.719"4+1.11  79.29¢¢+1.11 Intermediate

Ip2 73.500¢4+27.50 Soft 23.14%7+0.41  76.86°79+0.41 Intermediate

Ip3 89.67%0+2.52 Soft 21.63/94+1.54  78.37%+1.54 Intermediate

Enugu state

FARO 44 88.00%£10.00 Soft 25.00%¢+0.80  75.00"7£0.80 High

Fadama 91.00%40.00 Soft 25.449040.58  74.56940.58 High

Fortin 16 97.00%£2.00 Soft 24.20°¢440.97  75.809"+0.97 Intermediate

Fortin 16 (old variety) 89.50%°40.50 Soft 26.07/94+1.54  73.93%4+1.54 High

Anambra state

Omor-Mas 91.67%4+4.51 Soft 26.08%40.22 73.92740.22 High

R-Bus 41.67¢£16.50 Medium 26.28%£1.05 73.727+1.05 intermediate

FARO 40 97.00%43.00 Soft 22.43¢7+0.63  77.57¢7+0.63 Intermediate

Igboukwu rice 94.25%+5.25 Soft 20.119"40.94  79.89°¢40.94 Low

Aguleri rice 93.67°+7.51 Soft 19.20"+0.38 80.80%¢+0.38 High

Taraba rice 93.00°£11.00 Soft 26.04°£0.15 73.967+0.15 intermediate

B-G 97.00%+3.00 Soft 23.749"£0.95  76.26°¢+0.95 Intermediate

Ebonyi state

Akpujie 69.27°?+9.25 Soft 18.31¢%4+0.38  81.6979"+0.38 Low

kpurukpuru 63.67°?+2.52 Soft 20.07%+0.65 80.72%0+0.65 Intermediate

Afikpo-Mas 92.83%+4.25 Soft 25.30"+0.63 74.70%¢40.63 High

Abakiliki Mas 27.00°+2.00 Hard 21.11¢7+£1.25  78.89¢7+1.25 Intermediate

R-8 33.67¢4+0.58 Hard 27.21940.64 79.29940.64 High

306 60.25%+4.25 Medium 23.149"+1.11 76.86°9+1.11 Intermediate

Geshua 89.0020+12.00 Soft 25.474¢f £0.41  74.53¢7940.41 High

Mean 78.70£22.60 22.2642.71 77.67£2.71

SE 5.36 0.50 0.50

LSDg.05 15.32 1.42 1.42

Ccv 11.8 3.9 1.1

* Values are means+ standard deviation of triplicate determination. Means in the same column carrying similar superscript are
not significantly (P > 0.05) different. Soft = 61 -100 mm; medium = 41 -60 mm; hard =26
-40 mm Waxy Rice (1-2% amylose), Very low amylose content (2-9% amylose), Low amylose content (10-20% amylose),

Intermediate amylose content (20-25% amylose), High amylose content (25-33% amylose).

for imported rice varieties. There is a posit-
ive correlation (0.76) between OCT and WUR
which shows that an increase in WUR will in-
crease cooking time. A reduced cooking time
is desirable because less energy and fuel would
be consumed during cooking. The minimum
cooking time for all the rice varieties ranged
from 15-43.33 minutes and the optimum cook-
ing time ranged from 17-45.33 minutes. This
is within the ranges reported by Thomas et al.
( ) and Oko et al. ( ). The extra-long and
long grains cooked for a shorter time (17-38.67
minutes) compared to the medium grains, Kpur-
ukpuru and Ghesua, that cooked for 40 and 45.33

minutes respectively which were also of interme-
diate and high amylose content respectively. Ni-
geria’s medium grain rice can be described as
harder cooked rice than its extra-long and long
grain rice. This is in contrast to domestic rice
in the United States where their extra-long and
long grain rice are harder cooked rice than the
short and medium grain rice (Webb, ).

Ip3 had the highest SLIW (0.20 g) compared to
Fadama a local rice variety (0.17 g) though there
was no significant (p > 0.05) difference amongst
them. The SLIW of a large percentage (88.89
%) of the domestic rice varieties were minimal
(0.03-0.13 %). This result was similar to values
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reported by Yadav et al. ( ) for gruel solid
losses of 0.025-0.52 g. Oko et al. ( ) also
reported solids in cooking water of 0.01-0.95 g
while Thomas et al. ( ) reported gruel solid
loss of 0.03-0.06 g. The minimal values obtained
for SLIW showed that there is less tendency of
the grains to cling together when cooked.

The imported rice varieties had the highest VWA
(26.00-27.67 ml) compared to a local rice (25.33
ml). All the domestic rice samples imbibed less
water when cooked than the imported rice vari-
eties. This is desirable and showed that local rice
varieties conserve water better than the impor-
ted rice varieties. From the results of the VWA
(Table 4), using the optimum cooking time the
quantity of water required to cook the grains to
its optimum level can be deduced.

3.3 Functional properties of
domestic rice varieties

The functional properties of domestic rice vari-
eties sold in South-East Nigeria are shown in
Table 5. Rice varieties of the same amylose con-
tent are usually differentiated by their degree of
gel consistency. Those of high amylose-soft gel
consistency are more-tender than those of high
amylose-hard gel consistency. Large percentages
(77.78 %) of the domestic rice varieties were of
soft gel consistency (63.67-97.00 mm) and did
not differ significantly (p > 0.05) from the im-
ported rice varieties (89.67-73.50 mm). Akpujie
and Igboukwu-rice were of low amylose-soft gel
consistency and will be suitable for use in baby
foods and breakfast cereals because of their abil-
ity to produce relatively stable gels which tend
to harden slowly during storage. Varieties with
softer gel consistency are preferred for baby foods
and cooked whole grains because of their higher
degree of tenderness. Low amylose-soft gel con-
sistency rice can also be used for popped rice and
puffed rice as a result of its greater expansion
volume (Juliano, ). In making fermented
rice cakes, varieties with intermediate amylose-
soft gel consistency are used such as Fortin 16,
FARO 40, Taraba rice, B-G and Kpurukpuru
because of their optimum volume expansion on
steaming and their soft texture. R-Bus and 306
were of intermediate amylose-medium gel con-
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sistency and can find use in breakfast cereals as
long as the water requirement is adjusted. Grains
with high amylose-hard gel consistency find ap-
plication in canned rice products and manufac-
tured noodles. Abakiliki-Mas and R-8 should be
used for canning purposes, rice-noodle manufac-
ture and other high-temperature treatment pro-
cesses because of their greater resistance to dis-
integration during cooking.

4 Conclusion

Akpujie had the highest cooked grain length
(10.19 mm) among all the rice varieties. Geshua
had the highest cooked grain width (3.70 mm),
Akpujie had the highest cooked grain thickness
(2.91 mm) and Ipl had the highest cooked grain
length-width ratio (3.52 mm). Geshua had the
highest cooked grain weight (68.67 g). FARO
40 had the highest cooked grain volume (80.00
ml), Ip3 had the highest cooked grain dens-
ity (1.93 g/ml3) and Ip3 had the highest ER
(1.50). Omor-mas and R-Bus had the highest
VER (6.00) and Geshua had the highest WUR
(3.63). Kpurukpuru and Geshua had the highest
OCT of 45.33 and 40.00 minutes respectively
while 83.33% of the local rice varieties had OCT
of 17.00-29.33 mins. Ip3 had the highest SLIW
(0.20 g) while the imported rice varieties had
the highest VWA (26.00-27.67 ml). Procurement
and consumption of local rice varieties is highly
encouraged for individuals, restaurants and fast
food joints as a better increased weight, high
volume expansion ratio, increased grain dimen-
sions and conservation of water during cooking
is obtained when compared with rice imported
into Nigeria from Thailand and USA. The do-
mestic rice varieties also have an elongation ra-
tio comparable to imported rice, therefore, the
statement that imported rice varieties had bet-
ter cooking quality than the domestic rice vari-
eties is not absolutely true. Most of the do-
mestic rice varieties were of soft gel consistency
but varied in amylose content, and therefore are
excellent not only for consumption as cooked
whole grain but in their diversification for mak-
ing breakfast cereals, baby foods, puffed rice,
popped rice, rice cakes, canned soups, dry mixes
and rice noodles which will eliminate food bore-
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dom and stereotyped consumption. Abakiliki-
Mas and R-8 should be used in making rice-
noodles and subjected to other high-temperature
processes which will limit over dependence on
Durum wheat grain.
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