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ABSTRACT

Variability and correlation for twelve grain characters (before cooking) and eight characters 
(after cooking) on distinct six lines viz. S1, S2, S5, 42(i), 42(ii) and 44(i) of Basmati rice 
were studied. Before cooking, the maximum hulling (%), milling outturn (%) and head rice 
recovery were recorded in S2 genotype. The highest kernel length and breadth of rice were 
also found in S2, whereas the highest kernel length and breadth ratio (L/B) of brown, rough 
and milled rice were observed in S2, S1 and S5 genotypes, respectively. After cooking, 
the highest kernel length and breadth were recorded in S2, while the highest length and 
breadth ratio was noted in 42(ii) genotype. The highest kernel elongation ratio and volume 
expansion were recorded in S5. The maximum alkaline spreading value and the minimum 
cooking time were found in S2. The L/B ratio of rough rice exhibited significant positive 
relationship with L/B of brown, milled and cooked rice.

Keywords: Variability, correlation, grain quality components, Basmati rice

INTRODUCTION

Rice (Oryza sativa L.; 2n=24) belonging 
to the family Gramineae is one of the 
important cereal crops. Bangladesh is the 
fourth largest producer and consumer of 
rice in the world, with annual production of 
33.834 million metric tons (BBS, 2013). It 
occupies 74.77% of total cropped areas and 
it alone constitutes about 90% of the total 
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food grain produced annually in the country 
(BBS, 2010).

Consumer demand for the fine rice 
varieties is high due to its good nutritional 
quality, palatability, aroma and taste. The 
demand of basmati rice has been increasing 
in Bangladesh as the country is approaching 
more prosperous in rice production (BRRI, 
2004). The climatic condition of Bangladesh 
is also suitable to produce quality Basmati 
rice. Besides yield, the grain quality of rice 
is the most important factor for deciding 
the profitability of the farmers as the grain 
quality decides the price in the market. 
Juliano and Duff (IRRI, 1991) reported 
that grain quality is second after yield 
as the major breeding objective for crop 
improvement. Quality of rice may be 
considered from the view point of size, 
shape and appearance of grain, milling 
quality and cooking properties (Dela Cruz 
& Khush, 2000). Quality of rice mainly 
depends on its intended end use by the 
consumers. All consumers want the best 
quality that they can afford. Traditionally, 
plant breeders concentrated on breeding for 
high yields. The quality of rice grain is not 
only dependent on the variety or genotype, 
but it also depends on the crop production 
environment, harvesting, processing and 
milling systems. As for example, the 
rice millers prefer varieties with high 
milling whereas consumers consider 
physicochemical characteristics (Meca & 
Juliano, 1981). The amylose content of 
rice is considered as the main parameter of 
cooking and eating quality (Juliano, 1972). 
Intermediate to high amylose rice with low 

to intermediate gelatinization temperature 
is preferred. Therefore, grain quality should 
be acceptable to farmers. However, there is 
very few information on qualitative data on 
before and after cooking in rice. 

Conceiving the above scheme in mind, 
the research work has been undertaken in 
order to study the milling, cooking and 
eating quality and grain appearance of 
different advance lines of Basmati rice.

MATERIALS AND METHODS

The experiment was conducted at the Sher-
e-Bangla Agricultural University, Dhaka, 
Bangladesh. Six different lines viz. S1, S2, 
S5, 42 (i), 42(ii), 44 (i) of Basmati rice and 
one check variety namely BRRI dhan29 
were used as experimental material. The 
experiment was laid out in a randomized 
complete block design (RCBD) with three 
replications. A comparative laboratory 
analysis on quality characteristics was 
completed at the laboratory of Bangladesh 
Rice Research Institute and at the laboratory 
of Sher-e-Bangla Agricultural University, 
Bangladesh. From each entry 200 g well 
dried paddy was hulled in a mini “Satake 
Rice Machine” to get brown rice. The 
brown rice was passed through “Satake Rice 
whitening and caking machine” to obtain 
uniform polished grains. The polished 
samples were sieved to separate whole 
kernels from the broken ones. The samples 
comprising of full shape grains were used 
to proceed for the study. Kernels length and 
breadth of rough rice, brown rice, polished 
rice and cooked rice were measured by 
digital slide calipers. Ten whole kernels 
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from each entry were used in each case. 
The size of polished grain was determined 
on the basis of average length viz. extra 
long (>7.50 mm), long (6.61 to 7.50 mm), 
medium (5.51 to 6.60 mm), short (5.50 mm 
to less) and shape was determined on the 
basis of length and breath ratio viz. slender 
(over 3.0), medium (2.1 to 3.0), bold (1.1 
to 2.0) and round (1.0 or less) (Ahuja et al., 
1995). Grain elongation ratio was computed 
by dividing the average length of cooked 
rice to the average length of raw rice. One 
gram milled rice kernels were used for 
the study of water absorption (uptake) 
percentage. The water absorption ratio was 
determined by weight of the sample was 
recorded before and after cooking. Volume 
expansion ratio was calculated as volume of 
cooked rice to volume of raw rice. The same 
procedure was repeated for each sample. For 
the measuring Gelatinizationtemperature 
sample from each entry was placed in small 
petriplates (5 cm wide) containing 10 ml of 
1.7% potassium hydroxide (KOH) solution. 
The petriplates were covered and placed in 
an incubator maintained at 30 ± 1°c for 16 
hours as suggested (Zaman, 1981). After 
16 hours of incubation, the petriplates were 
gently taken out from the incubator. Alkali 
spreading values of six grains of each entry 
were recorded separately and mean was 
calculated on a seven point numerical scale 
viz. high (1 to 3), intermediate (3.1 to 5.9) 
and low (6 to 7) (Jennings et al., 1979). For 
determining cooking time stop watch was 
used. The analysis of variance for different 
quality characters was performed following 
analysis of variance technique. When F was 

significant at the p < 0.05 level, treatments 
means were separated using Duncan’s 
multiple range test (Steel & Torii, 1960). 

RESULTS AND DISCUSSION

From the analysis of variance, it was 
observed that highly significant variation 
existed for all the characters studied (Table 
1). All the lines and check were showed 
clear-cut translucent endosperm appearance 
(Table 2). Grain appearance is largely 
determined by the endosperm opacity, 
the amount of chalkiness. IRRI (1979) 
classified the endosperm of rice based on 
endosperm opacity as waxy or non waxy. 
Waxy rice devoid of or have only trace 
of amylose content and are opaque. Non 
waxy rice has varying amylose level (2.1 
to 32%) and are dull, hazy or translucent. 
Chalkiness is undesirable in all segments of 
rice industry. Breeders select intensively for 
clear, vitreous kernels. Chalky kernels break 
easily, reducing milling yields. The present 
results for quality traits are in agreement 
with the findings of Sandeep (2003). Grain 
size and shape are the first criteria for the 
quality of rice that breeders consider in 
developing new varieties for commercial 
production (Adair et al., 1973). All the 
genotypes studied were slender in shape and 
extra long in size (Table 2). 

From the study of mean performance of 
quality characteristics before cooking (Table 
3) the line S2 had the maximum hulling 
percent (76.20%), milling percent (66%) 
and Head Rice Recovery (HRR) percent 
(79.34%). The minimum hulling percent 
(63.85%) and milling percent (51%) were 
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Table 1 
Analysis of variance (ANOVA) for different quality traits (before and after cooking)

Sl.
no.

Characters df Mean sum of square
Genotypes Error Genotypes Error

Before cooking
1. Hulling (%) 6 12 49.865** 7.56
2. Milling outturn (%) 6 12 63.719** 9.667
3. Head Rice Recovery (%) 6 12 95.862** 9.667
4. Grain length of rough rice (mm) 6 12 5.661** 0.042
5. Grain breadth of rough rice (mm) 6 12 0.084** 0.009
6. Grain length/breadth ratio 6 12 0.556** 0.031
7. Grain length of brown rice (mm) 6 12 3.312** 0.006
8. Grain breadth of brown rice (mm) 6 12 0.005ns 0.003
9. Grain length/breadth  ratio of brown rice 6 12 0.778** 0.013
10. Grain length of milled rice (mm) 6 12 1.530** 0.021
11. Grain breadth of milled rice (mm) 6 12 0.015** 0.001
12. Grain length/breadth  ratio of milled rice 6 12 0.490** 0.011

After cooking
1 Length of cooked rice (mm) 6 12 12.522** 0.098
2 Breadth of cooked rice (mm) 6 12 0.236** 0.041
3 Length/breadth ratio of cooked rice 6 12 1.762** 0.058
4 Cooking time (minutes) 6 12 5.857* 1.286
5 Elongation index 6 12 0.032* 0.009
6 Water uptake (%) 6 12 2913.714** 329.33
7 Volume expansion (%) 6 12 0.065** 0.008
8 Alkali spreading value 6 12 0.195** 0.024

* Significant at 5% level, ** Significant at 1% level, ns-non significant

recorded in S1 line. The minimum HRR 
percent (63.01%) was also foud in S1. The 
milling per cent ranged from 51 to 66% but 
Ahuja et al. (1995) reported a range of 67 
to 71 % for milling recovery in Basmati 
varieties. It assumes importance because it 
tells the actual yield of consumable product. 
A good milling quality includes high whole 
kernel recovery and less of broken rice. For 
the commercial success of a rice variety 
it must possess high total milled rice and 
whole kernel (HRR) turnout. If a variety 
possesses high broken percentage, its 

marketability will be reduced. The highest 
kernel length (12.61 mm) and breadth (2.63 
mm) of rough rice were recorded in line 
S2, while the highest length and breadth 
(L/B) ratio was found in S1. The lowest 
kernel length (8.65 mm), breadth (2.19 
mm) and L/B (4.13) ratio of rough rice were 
observed in check variety BRRI dhan29. In 
case of brown rice, the maximum kernel 
length and L/B ratio were recorded inS2 
but the maximum breadth (1.92 mm) was 
observed in 42(i). The minimum Kernel 
length (6.20 mm), Breadth (1.81 mm) and 



Grain Quality Component of Bashmati Rice

385Pertanika J. Trop. Agric. Sci. 39 (3): 381 - 391 (2016)

Ta
bl

e 
2 

En
do

sp
er

m
 a

pp
ea

ra
nc

es
, s

iz
e,

 sh
ap

e,
 A

lk
al

i s
pr

ea
di

ng
 v

al
ue

 (A
SV

), 
G

el
at

in
iz

at
io

n 
Te

m
pe

ra
tu

re
 (G

T)
 o

f s
ix

 
ad

va
nc

ed
 li

ne
s o

f b
as

m
at

i r
ic

e 
an

d 
ch

ec
k 

va
ri

et
y

Li
ne

s/
ch

ec
k

En
do

sp
er

m
 

ap
pe

ar
an

ce
Sh

ap
e

Si
ze

A
SV

A
lk

al
i d

ig
es

tio
n

G
T 

ty
pe

s

S1
Tr

an
sl

uc
en

t 
Sl

en
de

r
Ex

tra
 lo

ng
6.

00
H

ig
h

Lo
w

S2
Tr

an
sl

uc
en

t
Sl

en
de

r
Ex

tra
 lo

ng
7.

00
H

ig
h

Lo
w

S5
Tr

an
sl

uc
en

t
Sl

en
de

r
Ex

tra
 lo

ng
4.

25
In

te
rm

ed
ia

te
In

te
rm

ed
ia

te
42

 (i
)

Tr
an

sl
uc

en
t

Sl
en

de
r

Ex
tra

 lo
ng

4.
59

In
te

rm
ed

ia
te

In
te

rm
ed

ia
te

42
 (i

i)
Tr

an
sl

uc
en

t
Sl

en
de

r
Ex

tra
 lo

ng
4.

25
In

te
rm

ed
ia

te
In

te
rm

ed
ia

te
44

 (i
)

Tr
an

sl
uc

en
t

Sl
en

de
r

Ex
tra

 lo
ng

4.
25

In
te

rm
ed

ia
te

In
te

rm
ed

ia
te

B
R

R
I d

ha
n2

9
Tr

an
sl

uc
en

t
Sl

en
de

r
Ex

tra
 lo

ng
3.

83
In

te
rm

ed
ia

te
In

te
rm

ed
ia

te

Ta
bl

e 
3 

M
ea

n 
pe

rf
or

m
an

ce
 o

f q
ua

lit
y 

ch
ar

ac
te

ri
st

ic
s b

ef
or

e 
co

ok
in

g 
in

 d
iff

er
en

t l
in

es
 a

nd
 c

he
ck

Li
ne

s/
ch

ec
k

H
ul

lin
g 

(%
)

M
ill

in
g 

(%
)

H
ea

d 
R

ic
e 

R
ec

ov
er

y 
(%

)

R
ou

gh
 ri

ce
B

ro
w

n 
ric

e
M

ill
ed

 ri
ce

 (u
nc

oo
ke

d 
ric

e)
Le

ng
th

 
(m

m
)

B
re

ad
th

 
(m

m
)

L/
B

 ra
tio

Le
ng

th
 

(m
m

)
B

re
ad

th
 

(m
m

)
L/

B
 ra

tio
Le

ng
th

 
(m

m
)

B
re

ad
th

 
(m

m
)

L/
B

 ra
tio

S1
63

.8
5 

d
51

.0
0 

c
63

.0
1 

d
12

.2
5 

a
2.

24
 c

d
5.

48
 a

8.
57

 d
1.

85
 a

b
4.

64
 b

7.
25

 c
1.

59
 c

4.
57

 a
b

S2
76

.2
0 

a
66

.0
0 

a
79

.3
4 

a
12

.6
1 

a
2.

63
 a

4.
79

 c
9.

48
 a

1.
90

 a
b

5.
00

 a
8.

05
 a

1.
79

 a
4.

50
 b

S5
67

.3
0 

cd
56

.0
0 

bc
65

.8
2 

bc
d

12
.4

3 
a

2.
43

 b
5.

11
 b

c
9.

06
 b

1.
87

 a
b

4.
84

 a
7.

77
 b

1.
64

 b
c

4.
75

 a
42

 (i
)

69
.2

0 
bc

56
.7

5 
bc

67
.5

0 
bc

d
12

.2
7 

a
2.

34
 b

c
5.

25
 a

b
8.

73
 c

1.
92

 a
4.

55
 b

7.
60

 b
1.

69
 b

4.
49

 b
42

 (i
i)

69
.0

0 
bc

56
.5

0 
bc

73
.1

8 
ab

11
.4

5 
b

2.
25

 b
cd

5.
08

 b
c

8.
43

 d
1.

89
 a

b
4.

45
 b

c
7.

26
 c

1.
66

 b
4.

39
 b

44
 (i

)
69

.4
5 

bc
56

.9
3 

bc
65

.0
7 

cd
11

.6
6 

b
2.

31
 b

c
5.

04
 b

c
8.

19
 e

1.
91

 a
b

4.
29

 c
7.

22
 c

1.
58

 c
4.

56
 a

b
B

R
R

I 
dh

an
29

73
.8

0 
ab

60
.5

0 
ab

71
.0

5 
bc

8.
65

 c
2.

19
 d

4.
13

 d
6.

20
 f

1.
81

 b
3.

43
 d

5.
82

d
1.

66
b

3.
51

 c

R
an

ge
63

.8
5-

76
.2

0
51

-6
6

65
.0

7-
79

.3
4

12
.6

1-
8.

65
2.

19
-2

.6
3

4.
13

-5
48

6.
20

-9
.4

8
1.

81
-1

.9
2

3.
43

-5
.0

0
5.

82
-8

.0
5

1.
58

-1
.7

9
3.

51
-4

.7
5

M
ea

n
69

.8
3

57
.6

7
69

.2
8

11
.6

2
2.

33
4.

98
8.

38
1.

88
4.

46
7.

28
1.

66
4.

39
C

V
 (%

)
6.

94
5.

39
5.

57
5.

77
4.

10
7.

54
6.

89
7.

80
9.

54
5.

98
6.

95
7.

37
In

 a
 c

ol
um

n,
 m

ea
ns

 h
av

in
g 

si
m

ila
r l

et
te

r(
s)

 a
re

 s
ta

tis
tic

al
ly

 s
im

ila
r a

nd
 th

os
e 

ha
vi

ng
 d

is
si

m
ila

r l
et

te
r(

s)
 d

iff
er

 s
ig

ni
fic

an
tly

 a
s 

pe
r 0

.0
5 

le
ve

l o
f p

ro
ba

bi
lit

y 



Mahmuda Ratna, Shahnewaz Begum, Md Abu Kawochar, Shiuli Ahmed and Jannatul Ferdous

386 Pertanika J. Trop. Agric. Sci. 39 (3) 381 - 391 (2016)

L/B ratio (3.43) of brown rice were noticed 
in check variety BRRI dhan29. In case of 
milled rice, the utmost kernel length (8.05 
mm) and breadth (1.79 mm) were found 
in line S2 whereas, the utmost L/B ratio 
(4.75) was observed in S5. On the other 
hand the minimum kernel length (5.82 mm) 
and L/B ratio (3.51) of milled rice were 
found in check variety BRRI dhan29 and 
the minimum breadth (1.58) of milled rice 
was recorded in 44(i). Grains with short 
to medium length break less than the long 
grains during milling. Thus grain size and 
shape have direct effect on the yield of head 
rice. Shobha Rani (2003) reported that bold 
grains give low head rice recovery because 
of high breakage. Viraktamath (1987) 
observed that kernel breadth enhanced 
the milling output and HRR was strongly 
associated with milling percentage.

From the study of mean performance of 
quality characteristics after cooking (Table 
4) the maximum length of kernel of cooked 
rice (13.38 mm) was obtained from line S5 
which is statically identical to line S2 (13.36 
mm) and the minimum length was observed 
(6.68 mm) in check variety BRRI dhan29. 
The range of kernel length of cooked rice of 
studied genotype was 10.15 to 13.38 mm. 
Shobha Rani (2003) reported that the kernel 
length after cooking of nine released hybrids 
of India ranged from 10.2 to 12.4 mm and 
Soroush et al. (2005) showed that the cooked 
kernel length varied from 10.62 to 12.32 
mm, which were almost similar with the 
present study. These literatures supported 
the present study. During cooking rice grains 
absorb water and increase in volume through 

increase in length or breadth alone or length 
and breadth both. 

Breadth wise splitting is not desirable 
whereas length wise splitting (grain 
elongation) on cooking without increase 
in girth is considered trait in high quality 
premium rice such as basmati, which 
elongate almost 100 per cent on cooking 
(Khush et al., 1986; Sidhu, 1989). The 
utmost kernel breadth of cooked rice (3.12 
mm) was recorded from S2 and the shortest 
(2.19 mm) from BRRI dhan29. The highest 
ratio of kernel L/B (5.21) was found in 42(ii) 
and the lowest ratio (3.05) was in BRRI 
dhan29. Sandeep (2003) reported that kernel 
L/B ratio of 20 new genotypes ranged from 
2.04 to 3.95 after cooking. Considering this 
review, the studied genotypes were more 
superior. The highest kernel elongation 
ratio (1.72) was recorded in S5 and the 
lowest ratio (1.14) was in BRRI dhan29. 
Kernel elongation was primarily influenced 
by the kernel shape and size. The highest 
water absorption (294%) was recorded in 
line 44(i). The lowest water absorption 
(210%) was found in BRRI dhan29 which 
was statistically identical to S1 and S2 
(Table 4). Water uptake is considered an 
important economic attribute of rice as it 
gives indirect measure of volume increase 
on cooking. Zaman (1981) reported that 
the good cooking rice varieties have water 
absorption value ranging between 174 and 
275%. This result partially supported the 
present finding. He also reported that the 
majority of those showing pasty appearance 
have value as high as from 300 to 570%. 
The high water absorption is relatively less 
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y desirable characteristics and it would be 

desirable to select a variety or hybrid with 
moderate water absorption. According to 
Zaman (1981) water absorption rate of 
line S2 and S1 (214%) were moderate. The 
maximum volume expansion (4.41%) was 
found in S5 and the minimum (4.00%) was 
recorded in line 44(i). Volume expansion of 
kernels on cooking is considered another 
important measure of consumer preference. 
More volume of cooked rice from a given 
quantity is a matter of great satisfaction 
to an average rice consumer irrespective 
of the fact whether the increased volume 
is due to length-wise or breadth-wise 
expansion. Volume expansion by and large 
is determined by water uptake, however, 
subject to the influence of kernel texture 
(Zaman, 1981). The varieties which tend 
to show high volume expansion are sticky 
and give a pasty appearance on cooking. 
Invariably all the pasty cooking types have 
been found to be associated with higher 
water absorption. The pasty cooking closely 
related to high water absorption. Therefore, 
hybrids with low water absorption and 
high volume expansion are more desirable. 
Statistically significant variation was also 
recorded for alkaline spreading value for 
different advanced line of basmati rice 
(Table 4). The highest alkaline spreading 
value (7.00) was found in S2 and the lowest 
(3.83) was recorded in BRRI dhan29. Alkali 
spreading value is inversely related to 
gelatinization temperature (GT). GT is the 
range of temperature within which granules 
begin to swell irreversibly in hot water. 
Rice varieties having low GT start to swell 
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at low temperature during cooking than the 
rice varieties having intermediate or high 
GT (Nagato & Kishi, 1966). Rice varieties 
having intermediate GT produces good 
quality cooked rice. The lowest cooking 
time (16 minutes) was found in line S2 
and the highest (20 minutes) was recorded 
from BRRI dhan29. In order to find out the 
elongation ratio, the linear kernel elongation 
after cooking is compared to the original 
length of kernel before cooking (Irshad, 
2001).

The nature and extent of association 
between various characters pairs relating 
to quality attributes are presented in a 
sample linear correlation analysis (Table 
5). Correlation study reveals that in line 
hulling per cent had highly significant 
positive relationship with milling per cent, 
HRR per cent and with kernel breadth of 
milled rice. However, a significant negative 
relationship was observed with the L/B ratio 
of rough rice. Viraktamath (1987) found a 
similar correlation among these traits, which 
supports the finding of the present study. 
Milling per cent showed highly significant 
positive relationship with HRR per cent 
and Kernel breadth of milled rice. HRR 
per cent showed highly significant positive 
correlation with kernel breadth of milled 
rice and insignificant negative association 
with L/B ratio of rough rice, milled rice 
and cooked rice. Yadav and Singh (1989) 
also found HRR was negatively associated 
with the length/breadth ratio of rough rice, 
which supports the present study. Kernel 
length of rough rice exhibited highly 
significant positive relationship with the 

kernel length of brown rice, milled rice and 
cooked rice and the L/B ratio of rough rice, 
brown rice, milled rice and cooked rice. In 
addition, it also showed significant positive 
relationships with kernel breadth of rough 
rice and brown rice but with a significant 
negative relationship with elongation 
ratio. The kernel breadth of rough rice 
showed highly significant positive linear 
relationships with length and L/B ratio of 
brown rice, milled rice and cooked rice. 
The kernel L/B ratio of rough rice exhibited 
a significant positive relationship with the 
length and L/B ratio of brown rice, milled 
rice and cooked rice, although it showed 
a significant negative relationship with 
elongation ratio. The kernel length of brown 
rice exhibited highly significant positive 
relationships with the kernel length of milled 
rice and cooked rice and L/B ratio of brown 
rice, milled rice and cooked rice, although 
it showed a significant negative relationship 
with elongation ratio. The L/B of brown 
rice exhibited highly significant positive 
relationships with the length of milled rice, 
cooked rice and L/B of milled rice; it also 
showed significant positive relationship 
with the L/B ratio of cooked rice. The 
kernel length of milled rice exhibited 
highly significant positive relationships 
with the kernel length of cooked rice, L/B 
ratio of milled rice and cooked rice. The 
L/B ratio of milled rice exhibited highly 
significant positive relationships with kernel 
length and L/B ratio of cooked rice, but it 
showed a significant negative relationship 
with elongation ratio. The kernel length 
of cooked rice exhibited highly significant 



Grain Quality Component of Bashmati Rice

389Pertanika J. Trop. Agric. Sci. 39 (3): 381 - 391 (2016)

Ta
bl

e 
5 

G
en

ot
yp

ic
 a

nd
 p

he
no

ty
pi

c 
co

rr
el

at
io

n 
of

 v
ar

io
us

 q
ua

lit
y 

ch
ar

ac
te

rs
 

M
H

R
R

K
LR

R
K

B
R

R
l/b

 R
R

K
LB

R
K

B
B

R
l/b

 B
R

K
LM

R
K

B
M

R
l/b

 M
R

K
LC

R
K

B
C

R
l/b

 C
R

W
U

V
E

ER
A

SV

H
r g

0.
97

8*
*

0.
84

5*
*

-0
.3

45
0.

34
5

-0
.7

77
*

-0
.1

83
0.

00
5

-0
.2

15
-0

.1
23

0.
76

8*
-0

.4
97

-0
.2

1
0.

24
9

-0
.3

27
-0

.2
73

-0
.3

61
0.

25
9

0.
34

4
r p

0.
92

1*
*

0.
48

7
-0

.2
93

0.
33

-0
.6

71
*

-0
.1

56
-0

.0
1

-0
.1

76
-0

.1
18

0.
56

2
-0

.4
02

-0
.1

93
0.

16
6

-0
.2

82
-0

.1
94

-0
.1

85
0.

21
2

0.
26

9

M
r g

0.
87

4*
*

-0
.1

62
0.

52
8

-0
.6

68
*

0.
01

1
0.

09
8

-0
.0

15
0.

07
0

0.
83

7*
*

-0
.3

23
-0

.0
21

0.
32

4
-0

.1
99

-0
.2

6
-0

.3
51

0.
11

9
0.

42
8

r p
0.

49
3

-0
.1

36
0.

49
9

-0
.6

04
*

0.
01

-0
.0

2
0.

00
7

0.
06

9
0.

66
2*

-0
.2

52
-0

.0
11

0.
22

3
-0

.1
61

-0
.2

43
-0

.2
1

0.
16

2
0.

34
1

H
R

R
r g

-0
.0

87
0.

46
6

-0
.5

03
0.

11
3

0.
10

8
0.

09
7

0.
13

3
0.

87
6*

*
-0

.2
75

-0
.0

87
0.

11
9

-0
.1

57
-0

.3
47

-0
.1

62
-0

.0
06

0.
47

8
r p

-0
.0

77
0.

33
1

-0
.3

9
0.

10
6

0.
10

2
0.

08
2

0.
11

0
0.

74
2*

-0
.2

53
-0

.0
7

0.
09

3
-0

.1
21

-0
.1

52
-0

.2
38

0.
00

7
0.

40
7

K
LR

R
r g

0.
73

1*
0.

82
2*

*
0.

97
6*

*
0.

68
9*

0.
96

6*
*

0.
96

5*
*

0.
16

0
0.

95
6*

*
0.

95
1*

*
0.

02
4

0.
86

2*
*

0.
24

7
-0

.2
07

-0
.8

21
**

0.
31

1
r p

0.
66

6*
0.

77
3*

0.
96

8*
*

0.
46

9
0.

93
9*

*
0.

93
0*

*
0.

15
0

0.
90

8*
*

0.
92

9*
*

0.
02

6
0.

81
7*

*
0.

23
-0

.2
06

-0
.6

48
*

0.
31

K
B

R
R

r g
0.

21
2

0.
83

**
0.

55
3

0.
82

**
0.

86
0*

*
0.

65
7*

0.
60

8*
0.

81
8*

*
0.

37
5

0.
54

0.
01

-0
.3

01
-0

.5
83

0.
54

3
r p

0.
04

3
0.

74
4*

0.
52

8
0.

67
9*

0.
74

2*
0.

56
3

0.
50

6
0.

73
5*

*
0.

37
3

0.
43

9
0.

05
5

-0
.2

92
-0

.3
12

0.
46

7

l/b
 R

R
r g

0.
70

6*
0.

52
2

0.
70

0*
0.

66
3*

-0
.3

15
0.

85
9*

*
0.

67
4*

-0
.2

74
0.

77
7*

0.
33

7
-0

.0
51

-0
.7

02
*

0.
00

8
r p

0.
66

3*
0.

18
1

0.
67

9*
0.

61
0*

-0
.2

84
0.

78
6*

0.
61

4*
-0

.2
85

0.
71

7*
0.

26
1

-0
.0

35
-0

.6
03

*
0.

02
4

K
LB

R
r g

0.
68

4*
0.

99
2*

*
0.

99
4*

*
0.

32
9

0.
90

6*
*

0.
93

3*
*

0.
06

4
0.

81
9*

*
0.

18
4

-0
.1

72
-0

.7
92

*
0.

37
3

r p
0.

45
1

0.
97

6*
*

0.
97

7*
*

0.
30

6
0.

88
0*

*
0.

91
9*

*
0.

05
6

0.
78

4*
0.

16
9

-0
.1

56
-0

.6
17

*
0.

36
5

K
B

B
R

r g
0.

58
4

0.
73

2*
0.

24
6

0.
66

5*
0.

63
8*

-0
.4

77
0.

87
2*

*
0.

64
9*

-0
.6

60
*

-0
.5

37
-0

.0
7

r p
0.

24
9

0.
41

9
0.

07
6

0.
40

1
0.

43
4

-0
.0

25
0.

47
6

0.
40

6
-0

.4
04

-0
.3

53
-0

.0
38

l/b
 B

R
r g

0.
97

5*
*

0.
31

2
0.

89
5*

*
0.

92
6*

*
0.

15
2

0.
75

9*
0.

09
6

-0
.0

73
-0

.7
89

*
0.

42
2

r p
0.

95
8*

*
0.

30
3

0.
86

1*
*

0.
89

2*
*

0.
07

5
0.

73
1*

0.
08

4
-0

.0
61

-0
.5

89
0.

40
5

K
LM

R
r g

0.
36

5
0.

89
6*

*
0.

94
6*

*
0.

04
7

0.
84

4*
*

0.
23

3
-0

.2
29

-0
.7

52
*

0.
33

5
r p

0.
34

2
0.

88
5*

*
0.

92
2*

*
0.

02
8

0.
79

9*
*

0.
17

3
-0

.1
8

-0
.5

77
0.

31
7

K
B

M
R

r g
-0

.0
86

0.
23

0.
16

3
0.

13
6

-0
.4

2
-0

.2
18

-0
.0

38
0.

56
7

r p
-0

.1
34

0.
18

4
0.

01
1

0.
16

4
-0

.3
13

-0
.2

77
0.

08
0

0.
52

7

l/b
 M

R
r g

0.
90

2*
*

-0
.0

24
0.

83
7*

*
0.

44
9

-0
.1

41
-0

.7
86

*
0.

08
9

r p
0.

88
2*

*
0.

02
2

0.
76

2*
0.

33
9

-0
.0

56
-0

.6
45

*
0.

07
3

K
LC

R
r g

0.
19

8
0.

81
8*

*
0.

21
1

-0
.2

41
-0

.7
02

*
0.

32
5

r p
0.

19
6

0.
78

4*
0.

16
7

-0
.2

08
-0

.5
26

0.
31

8

K
B

C
R

r g
-0

.3
99

-0
.5

37
0.

16
6

-0
.1

53
0.

63
0*

r p
-0

.4
43

-0
.4

4
0.

18
9

-0
.2

76
0.

52
7

l/b
 C

R
r g

0.
49

1
-0

.3
42

-0
.5

41
-0

.0
58

r p
0.

42
5

-0
.3

29
-0

.2
85

-0
.0

47

W
U

r g
-0

.3
73

-0
.1

69
-0

.6
85

*
r p

-0
.4

08
-0

.0
21

-0
.6

25
*

V
E

r g
0.

36
3

-0
.1

8
r p

0.
12

8
-0

.1
72

ER
r g

-0
.5

17
r p

-0
.4

09

H
=H

ul
lin

g 
%

, M
=M

ill
in

g 
ou

ttu
rn

%
, H

R
R

=H
ea

d 
ric

e 
re

co
ve

ry
 %

, K
LR

R
=K

er
ne

l l
en

gt
h 

of
 ro

ug
h 

ric
e,

 K
B

R
R

=K
er

ne
l b

re
ad

th
 o

f r
ou

gh
 ri

ce
, l

/b
 R

R
=l

/b
 ra

tio
 o

f r
ou

gh
 ri

ce
, K

LB
R

=K
er

ne
l l

en
gt

h 
of

 b
ro

w
n 

ric
e,

 K
B

B
R

=K
er

ne
l b

re
ad

th
 o

f b
ro

w
n 

ric
e,

 l/
b 

B
R

=l
/b

 ra
tio

 o
f b

ro
w

n 
ric

e,
 K

LM
R

=K
er

ne
l l

en
gt

h 
of

 m
ill

ed
 ri

ce
, K

B
M

R
=K

er
ne

l b
re

ad
th

 o
f m

ill
ed

 ri
ce

, l
/b

 M
R

=l
/b

 ra
tio

 o
f m

ill
ed

 ri
ce

, K
LC

R
=K

er
ne

l 
le

ng
th

 o
f c

oo
ke

d 
ric

e,
 K

B
C

R
=K

er
ne

l b
re

ad
th

 o
f c

oo
ke

d 
ric

e,
 l/

b 
C

R
=l

/b
 ra

tio
 o

f c
oo

ke
d 

ric
e,

 W
U

=W
at

er
 u

pt
ak

e 
%

, V
E=

Vo
lu

m
e 

ex
pa

ns
io

n 
%

,  
ER

=E
lo

ng
at

io
n 

 ra
tio

, A
SV

=A
lk

al
i S

pr
ea

di
ng

 



Mahmuda Ratna, Shahnewaz Begum, Md Abu Kawochar, Shiuli Ahmed and Jannatul Ferdous

390 Pertanika J. Trop. Agric. Sci. 39 (3) 381 - 391 (2016)

positive relationship with the L/B ratio 
of cooked rice but it showed a significant 
negative relationship with elongation ratio 
at genotypic level. Chauhan et al. (1995) 
pointed out a significant positive correlation 
between cooked kernel length and kernel 
elongation, which is contradictory with 
the present study. The kernel breadth of 
cooked rice showed a significant positive 
relationship with alkali spreading value at 
genotypic level. Water uptake % exhibited a 
significant negative relationship with alkali 
spreading value but an insignificant negative 
relationship with volume expansion per 
cent and elongation ratio. Sood and Siddiq 
(1996) reported that water uptake showed 
positive and significant influence on volume 
expansion, and this finding is contradictory 
with the present study.

CONCLUSION

Considering overall performance in relation 
to cooking and eating quality point of view 

line S2 performed better and it can be 
used for further breeding purpose. From 
Correlation coefficient study, it can be 
concluded that L/B ratio of rough rice have 
strong positive relationship with the L/B 
ratio of brown rice, milled rice and cooked 
rice. Therefore, for the development of fine 
rice variety length and breadth of rough rice 
should be considered.

REFERENCES
Adair, C. R., Bolich, C. N., Bowman, D. H., Jodon, 

N. E., Johnston, T. H. Webb, B. D., & Atkins, J. 
G. (1973). Rice breeding and testing methods 
in U.S. In Rice in the United States:Varieties 

and Production, (pp. 22-75). Hand book-289 
(revised). Washington, USA: U.S. Dept. Agric.

Ahuja, S. C., Panwar, D. V. S., Uma, A., & Gupta, 
K.R. (1995). Basmati rice-The Scented Pearl. 
CCS Haryna Agriculture University, Hisar, 
India, p.63.

BBS (Bangladesh Bureau of Statistics). (2010). 
The Year Book of Agricultural Statistics of 
Bangladesh. Statistics Division, Ministry of 
Planning, Government Peoples Republic of 
Bangladesh, Dhaka. 

BBS (Bangladesh Bureau of Statistics). (2013). 
The Year Book of Agricultural Statistics of 
Bangladesh. Statistics Division, Ministry of 
Planning, Government Peoples Republic of 
Bangladesh, Dhaka.

BRRI (Bangladesh Rice Research Institute). (2004). 
Adhunik Dhaner Chash (Bangla), Pub. No. 
5. Bangladesh Rice Res. Institute of BRRI 
publication, Gazipur.

Chauhan, J. S., Chauhan, V. S., & Lodh, S. B. 
(1995). Cooking quality components and their 
interrelationships with some physico-chemical 
characters of rainfed and upland rice grain. 
Oryza, 79-82.

Dela Cruz, N., & Khush, G. S. (2000). Rice grain 
quality evaluation procedures. In R.K. Singh, U. 
S. Singh & G. S. Khush (Eds.), Aromatic rices 
(pp. 15–28). New Delhi, India: Oxford and IBH 
Publishing.

IRRI (1979).  Grain quality evaluation and 
improvement at IRRI. In G. S. Khush, C.M. 
Paule & N. M. De la Cruz (Eds.), Proceedings 
of workshop on chemical aspect of rice grain 
quality (pp. 22-31). Los Banos, Philippines, 
IRRI.

IRRI (1991). Rice grain quality as an emerging 
priority in National rice breeding programmes. 
In: B.O. Juliano and D. Duff (Eds.) Rice grain 
marketing and quality issues (pp. 55-64). IRRI, 
Los Banos, Philippines.



Grain Quality Component of Bashmati Rice

391Pertanika J. Trop. Agric. Sci. 39 (3): 381 - 391 (2016)

Irshad, A. (2001). Factors affecting rice grain 
quality. DAWN Group of Newspapers, Karachi, 
Pakistan.

Jennings, P. R., Coffman, W. R., & Kauffman, H. 
E. (1979). Rice Improvement (p. 186). IRRI, 
Manila, Philippines.

Juliano, B. O. (1972). Physico-chemical properties 
of starch and protein and their relation to grain 
quality and nutritional value of rice. In IRRI Rice 
Breeding (pp. 389-405). Los Banos, Philippines, 
IRRI. 

Khush, G. S., Kumar, I., & Virmani, S. S. (1986). 
Grain quality of hybrid rice. In Hybrid rice. 
Proceedings of the International Symposium 
on Hybrid rice, 6-10 October 1986, IRRI, 
Changsha, Hunan, China, 201-215.

Merca, F. E., & Juliano, B. O. (1981). Physicochemical 
properties of starch of intermediate amylose and 
waxy rices differing in grain quality. Starch, 
33(8), 253-260.

Nagato, K., & Kishi, Y. (1966). On the grain 
texture of rice, Varietal difference of cooking 
characteristics of milled white rice (in Japanese, 
English summary). Proceedings of the Crop 
Science Society of Japan, 35, 245-256.

Sandeep, K. (2003). Characterization and genetic 
analysis of new plant type traits in rice (Oryza 
sativa L.). (PhD thesis dissertation). IARI, New 
Delhi, India.

Shobha Rani, N. (2003). Quality considerations in 
developing rice hybrids. In: Winter school on 
advances in hybrid rice technology. (pp. 145-
159). B Mishra Project Directorate of Rice 
Research, Hyderabad, India.

Sidhu, G. S. (1989). Quality rice for export purpose 
(pp. 19-22). Annual ACIRIP Workshop held at 
CCS HAU Hisar, India.

Sood, B. C., & Siddiq, E. A. (1996). Current status 
and future outlook for hybrid rice technology 
in India. In Hybrid Rice Technology (pp.1-26). 
Directorate of Rice Research, Hyderabad, India.

Soroush, H. R., Eshraghi, A., Salehi, M. M., Ali, A. 
J., Nahvi, M., Allahgholipour, M., ... & Padasht, 
F. (2005). Kadous: an aromatic, high-yielding 
variety with good cooking quality. International 
Rice Research Notes, 30(2), 16.

Steel, R. C. B., & Torrie, J. H. (1960). Principles and 
procedures of statistics (pp. 377-398). New York, 
USA: McGraw Hall Book Publication.

Viraktamath, B. C. (1987). Heterosis and combining 
ability studies in rice with respect to yield, yield 
components and some quality characteristics. 
(PhD thesis dissertation). IARI, New Delhi.

Yadav, T. P., & Singh, V. P. (1989). Milling 
characteristics of aromatic rices. International 
Rice Research Newsletter, 14, 7-8.

Zaman, F. U. (1981). Genetic studies of some of the 
cooking and nutritive qualities of cultivated 
rice (Oryza sativa L.). (PhD thesis dissertion. 
University of Bihar, Buzaffarpur, India.




