May, 2015 Agric Eng Int: CIGR Journal Open access at http://www.cigrjournal.org

Physical properties of rough and brown rice of Japonica, Indica
and NERICA types
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Abstract: This research involved a study of the physical properties of rough and brown rice of various types. The effect of
kernel thickness on physical properties was analyzed. Fundamental physical properties, such as dimensions, mass, and
frictional characteristics, were measured for different fractions of rough and brown rice of seven different varieties:
Nanatsuboshi, Yumepirika, Oborozuki (Japonica type), IR-28, IR-50, IR-64 (Indica type), and NERICA-4 (NERICA type).
Results showed that, in both rough and brown rice, the physical properties of the NERICA type showed a closer relationship
with the Indica type than they did with the Japonica type. Moreover, statistical analysis indicated that the physical properties
were affected by kernel thickness within each variety of rough and brown rice. Such information could be helpful in
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designing facilities and machines required for rice processing and storage.
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1 Introduction

Information on physical properties of rice is most
relevant to all stages of its production, preservation and
utilization. Such information is essential to the design
of equipment required for activities such as harvesting,
drying, handling and storage, as well as that used for
transportation and processing (e.g., milling, cooking,
packaging and marketing). For this reason, determining
the physical properties of rice is the most important factor
in assessing its quality (Fofana et al., 2011).

Several authors have examined the physical properties
of rice in the last decades, and most of them have been
summarized and cited by Kunze et al. (2004) and
Bhattacharya (2011).

“New Rice for Africa (NERICA)”, is being adopted

Recently, a new type of rice,

across the African continent. Not enough is known
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about the physical properties of this new type, and some
studies have been carried out by Adebowale et al. (2011),
Shittu and Olaniyi (2012), and Agu and Oluka (2013).

Furthermore, kernel thickness influences milling
characteristics as well as physicochemical properties, as
discussed by Wadsworth et al. (1979) and Sun and
Siebenmorgen (1993).

Consequently, the objectives of this study are to
measure some of the fundamental physical properties as
well as to analyze the effect of kernel thickness on

physical properties of rough and brown rice of various

types.
2 Materials and methods

2.1 Rice samples and sample preparation

This study was conducted using rough rice of the
Japonica type, varieties Nanatsuboshi, Yumepirika and
Oborozuki, with average values of moisture content of
approximately 15% (135°C w.b.), produced at the
Hokkaido University farm, Sapporo, Hokkaido; both

rough and brown rice of the Indica type, varieties IR-28,
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IR-50 and IR-64, with average values of moisture content
of approximately 12% (135°C w.b.); and rough rice of the
NERICA type, variety NERICA-4, with 13% moisture
content (135°C w.b.), produced in Japan International
Cooperation Agency (JICA) Tsukuba International
Center, Ibaraki prefecture, Japan.

Un-fractioned samples of brown rice were obtained
with a laboratory rubber roll husker SATAKE type THU
(SATAKE Engineering Co., Ltd, Japan). The average
moisture content of brown rice in the Japonica, Indica and
NERICA varieties were approximately 15.5%, 12.5% and
13.1 % (135 °C w.b.) respectively.

Fractioned samples of both rough and brown rice were
created using a laboratory thickness grader SATAKE
type TWS.

2.2 Devices and methods for measuring physical
properties

The physical properties of all samples were measured
using the same equipment. The measurement methods, as
well as the devices used for measuring each physical
property, are summarized below.

2.2.1 Dimensional characteristics

Dimensional characteristics of rice kernels are related
to the individual grain properties (Kunze et al., 2004,
Bhattacharya, 2011). As proposed by Mohsenin (1986),
assuming rice grain as an ellipsoid, the slenderness ratio
L/W ratio and sphericity S, can be calculated using the
Equations 1 and 2 respectively, as a function of the three
principal diameters of rice grain, including length L in

mm, width W in mm, and thickness T in mm.

- SL:W €Y)

1
(L-W-T)3
- S, = 5 (2)

The volume of the kernel K, was determined by Equation
3, as suggested by Jain and Bal (1997).

- ] ©

Three principal dimensions, length L, width W, and

thickness T, of rough and brown rice were measured
manually using a dial caliper (Kori Seiki Ltd, Japan),

with 0.05 mm of precision. One hundred well-distributed

grains, randomly drawn from the test samples, were
measured.
2.2.2 Composition analysis of rice samples

Components of rough and brown rice were divided by
human observation and were expressed as a percentage of
weight. Components of rough rice were divided into the
following categories: regular kernels, empty kernels,
immature kernels, damaged kernels, brown kernels, husk
and foreign materials. Meanwhile, components of brown
rice were divided into the following categories: sound
whole kernels, immature kernels, chalky kernels, broken
kernels, damaged kernels, discolored kernels and dead
kernels, as suggested by Ohstubo (1995), and the Japan
Rice Millers Association (1997).
2.2.3 Moisture content

Moisture content (MC) was determined by the
Japanese Society of Agricultural Machinery (JSAM)
standard method: about 10 g of whole grain rice was
placed in a forced-air oven at 135°C for 24 hours and
moisture was computed on a wet basis.
2.2.4 Thousand-kernel weight

The thousand-kernel weight (TKW) was determined
by weighing 1,000 randomly drawn rough rice regular
kernels in an electronic balance (Sartorious, model BP
310 S, Germany), with 0.001g of precision.
2.2.5 Bulk density

Bulk density (BD) was determined using a grain
volume-weight tester (Brauer type, Kiya Engineering,
Tokyo, Japan). The total 150 grams of each rice sample
was inserted inside the grain volume-weight tester. Bulk

density was calculated from the volume measured (Vy,) as

150

- BD = (;75=)-1000 (4)

where V, is the volume measured, expressed as grams
per liter (g/L).
2.2.6 Static angle of repose

Static angle of repose (¢s) was obtained using a
perspex box as proposed by Bhattacharya (2011).

The box was designed and built at the Laboratory of
Agricultural and Food Process Engineering in the

Graduate School of Agriculture, Hokkaido University.
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The total of 400 grams was inserted into the box using a
funnel. The detachable door of the perspex box was
then flicked open, allowing the grain to fall. The angle
that the top of the pile made to the horizontal was read
from the angles etched on the transparent lateral wall of
the box to determine the static angle of repose, expressed
in degrees (°).

2.2.8 Static friction coefficient

Static coefficient of friction (i) was determined using
an inclined plane coefficient of friction tester as
suggested by Fraser et al. (1978), Dutta et al. (1988), and
Baryeh (2002).

The device was designed and built at the Laboratory
of Agricultural and Food Process Engineering in the
Graduate School of Agriculture, Hokkaido University.
The total 100 grams was loaded into a cylinder that would
permit direct contact between the rice grains and the test
surface, and was carefully placed on the test surface.
The handle was rotated gradually and steadily for an
accurate result. The angle at which the material started
to slide down the test surface was read from the digital
angle meter. The static coefficient of friction of the rice
grain on the test surface was calculated as
- u=tan-a (5)
where a is the angle at which the material starts to slide.

A conveyor belt made of a mixture of rubbers, the
material used for transporting rice in the rice industry,
was used as the test surface.

2.2.9 Grain fluidity

Grain fluidity (GF) was analyzed using a grain
fluidity tester (Yamashita 1992), designed and built at
Laboratory of Agricultural and Food Process Engineering
Hokkaido

University. The total 400 grams was inserted into a

in the Graduate School of Agriculture,
hopper closed with a stopper. The stopper was raised
while the rice flow was timed with the help of a sensor
situated near the exit of the hopper. Grain fluidity was
expressed as the weight of rice that flows in 1 second,
(9/s).

2.3 Data analysis

The means of the physical properties of rough and
brown rice by thickness fraction within each variety were
analyzed by one-way analysis of variance (ANOVA) and
Tukey-Kramer’s test to determine significant differences
among them with 95% of confidence. Linear regression
analysis was computed to assess the relationship among

physical properties.
3 Results and discussion

3.1 Thickness distribution of rough and brown rice

Frequency distribution for rough and brown rice
kernel thickness for each variety is shown in Figures 1
and 2 respectively. Samples of rough rice were divided
into four thickness fractions for each variety, with the
exception of the variety IR-64, which was divided into
three fractions. The variety IR-64 showed the biggest
difference in the percentage of each thickness fraction in
comparison with other varieties, which were more
uniform (Figure 1).

Meanwhile, samples of brown rice were divided into
three thickness fractions. The variety IR-50 indicated
the biggest difference in the percentage of each thickness
fraction in comparison with other varieties, which were
Additionally,

distribution showed that the NERICA type was more

more uniform (Figure 2). thickness
closely related to the Indica types than it was with the
Japonica type. For both rough and brown rice, NERICA
thickness distribution was found to be between the higher
thickness fractions of the Indica type and lower thickness
fractions of the Japonica type. For rough rice, the
NERICA type indicated similar thickness distribution to
variety IR-28 and, for brown rice, indicated distribution
closer to that of the IR-28 and IR-62 varieties. The
NERICA and Indica types showed lower thickness
distribution in comparison with the Japonica type for

rough and brown rice.
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Figure 1 Frequency distribution for rough rice kernel thickness.
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Figure 2 Frequency distribution for brown rice kernel thickness.

3.2 Composition analysis

One-way ANOVA showed that the mean of regular
kernel, damaged kernel, and immature kernel were
significantly different among the thickness fractions
within each variety. Significant differences were mostly
Within each
variety, the fraction containing thinner kernels had a

found between thinner and thicker kernels.

lower regular kernel percentage as well as a higher
percentage of damaged and immature kernels than the
fraction containing thicker kernels of rough rice (Table
1).

On the other hand, one-way ANOVA indicated that
mean sound whole kernel fractions, mean broken kernel
fractions, mean immature kernel fractions and mean
chalky kernel fractions were significantly different among

the fractions within each variety of brown rice.

Significant difference was mostly found between thinner
and thicker kernels among fractions within each variety.
Thinner kernels had a lower sound whole kernel
percentage, as well as a higher percentage of immature
kernel, broken kernel and chalky kernel than thicker
kernels within each variety (Table 2).

Composition analysis results could be helpful in the
handling process. Thinner kernels have been reported to
have distinct chemical and physicochemical properties
compared with thicker kernels (Wadsworth et al., 1979,
Bhattacharya 2011). Removing the thinner kernel could
reduce losses in the milling process as well as improve its
efficiency (Luh 1991). Removing thinner kernels of
rough rice could be helpful in increasing the efficiency of
the cleaning process as well as in minimizing undesirable

kernels such as damaged, immature and chalky.
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. (2011). Similar dimensional values of NERICA, Indica
Table 1 Average value of components of rough rice

Regular  Damaged  Immature and Japonica types of rough and brown rice were
Variet Thickness fraction kernel kernel kernel .
anety (RK) (DK) (IK) reported by Bamrungwong et al. (1987), Matsuzaki
mm % . ..
Unfractionated 950 a 23 ¢ 19 bc (1995), Klush (2005), Shittu and Olaniyi (2012) and Agu
Between 1.9&2.0 785 ¢ 62 ab 87 a
NERICA4 Between20821 921 b 45 b 32 b and Oluka (2013).
Between 2.1&2.2 936 ab 4.4 b 19 bc M h d b . f th
Between 22823 941 ab 52 b 05 ¢ oreover, —rough an rown rce o e
Unfractionated 96.4 bc 1.8 b 12 b : : :
Between 19220 834 d 59 a 56 a NERICA-Indica types and rough rice of the Japonica
IR-28 Between20&2.1 962 ¢ 22 b 15 b type as well as brown rice of the Japonica type could
Between 2.1&2.2 980 a 14 b 06 ¢
Between22&23 975 ab 22 b 03 ¢ produce “plug” and “funnel” flow considering that their
Unfractionated 955 a 15 b 16 b ]
Below 1.8 610 b 111 a 103 a slenderness is greater than 1.5 to 2.0 and less than 1.5 to
IR-50 Between 1.8&19 954 a 27 b 18 b . .
Between 19820 973 a 17 b 09 b 2.0 respectively as referred to by Bucklin et al. (2007).
Between 2.0&2.1 971 a 1.8 b 09 b .
Unfractionated 981 a 17 ¢ 01 a These kinds of flow patterns must be controlled because
Between 1.9&2.0 940 ¢ 5.6 a 00 b . . .
IR-64 Between 20821 966 b 34 b 00 b they transmit dynamic load from the grain to the
Between 2.1&2.2 97.1 b 2.9 b 00 b . . .
Unfractionated %83 a2 09 ¢ 05 b structure during the emptying of the bins.
Between 2.1&2.2 86.6 ¢ 8.1 a 20 a ~ i
Nanal‘tl?Ubos Between 22823 966 ba 35 b 00 b One-way ANOVA showed that mean thickness
Between 2.3&24 965 b 35 b 00 b fractions, mean length fractions, and mean width
Over 2.4 97.0 ba 3.0 b 00 b
Unfractionated 973 a 0.8 c 16 cb .
Between 21822 792 ¢ 111 a 55 a Table 2: Average values of components of brown rice:
Yumepirika  Between 2.2&2.3 928 b 47 b 24 b
. S. Whole  Immature Broken Chalk
Between 23824 948 b 12 bc 12 ¢ _ Thickness cernel cornel cormel kornel
Over 2.4 949 b 37 bc 14 ¢ Variety fraction (SWK) (IK) (BK) (CK)
Unfractionated 958 a 16 d 22 b mm %
) Between2.1&22 760 ¢ 115 a 94 a Unfractionated 69.7 b 43 b 14.6 ba 80 a
Oborozuki ~ Between2.2823 916 b 57 bc 27 b NERICA Between175&18 690 b 81 a 170 a 24 hbc
Between 2.3&2.4 936 ab 4.8 c 1.6 b 4 Between 1.8 & 1.9 823 a 23 cd 119 ¢ 13 ¢
Over 2.4 97 a 28 dc_14 b Between19&20 839 a 07 d 121 ¢cb 11 ¢
For each test, the mean followed by the same letter in the column within each Unfractionated 504 Db 07 b 257 b 20 a
type of rice do not differ statistically at 5% probability through the one-way Between 1.7 & 1.75 242 ¢ 20 a 695 a 10 a
ANOVA and/or Tukey-Kramer’s Test. IR28  Between175&18 5.7 b 09 b 454 b 08 a
3.3 Dimensional characteristics of rough and brown Between18&19 672 a 04 b 301 c 13 a
Unfractionated 61.2 c 15 b 318 b 26 a
rice IR-50 Below 1.7 289 d 22 a 629 a 13 b
) ) Between 1.7&1.75 677 b 14 b 264 ¢ 13 b
The NERICA and Indica types of rough rice can be Between175&18 784 a 15 b 178 d 07 b
. i i Unfractionated 856 b 00 b 108 b 18 a
classified as long and slender classes of grain, as their \Rgy DBetweenl7&175 736 ¢ 03 a 211 a 08 b
. : Between 1.75& 1.8 838 b 00 b 113 b 12 b
length exceeds 7.5 mm, and their slenderness exceeds 3 Between 18 & 19 908 a 00 b 55 ¢ 08 b
M hile. the J icat f h ri b Unfractionated 955 b 07 b 01 b 21 a
mm. eanwhile, the Japonica type Orrougn ricé Can bé  \naish  Between1.9&20 862 ¢ 22 a 04 a 52 b
e . L : oshi Between2.1&20 956 b 07 b 01 b 19 b
classified as a long and medium class of grain, since its Over 2.1 970 & 02 c 00 b 18 b
length comes within the range of 6.6-7.5 mm, and __Unfractionated 931 b 23 b 03 b 24 ba
Yumepir Between19&20 882 ¢ 38 a 06 a 26 a
slenderness within the range of 2.1-3 mm (Table 3). On ika Between2.1&20 954 a 18 b 03 b 14 b
Over 2.1 %2 a 17 b 01 b 14 b
the other hand, NERICA-Indica types of brown rice can Unfractionated 923 b 35 D 01 a 21 a
. ) . Oborozu  Between19&2.0 858 ¢ 71 a 01 a 18 a
be classified as long and medium classes of grain, as ki Between21&20 943 a 25 ¢ 00 a 13 a
Over 2.1 955 a 17 ¢ 00 a 18 a

their length is within the range of 6.61-7.5 mm, and their ] —
For each test, the mean followed by the same letter in the column within each type

slenderness within the range of 2.1-3 mm. of rice do not differ statistically at 5% probability through the one-way ANOVA
and/or Tukey-Kramer’s Test.
In addition, the Japonica type of brown rice can be . L . .
fractions, are significantly different among the fractions
classified as short and round, as its length is 5.5 mm or o ] . .
within each variety. Thinner kernels were shorter in
less and its shape is less than 2.0 (Table 4), as suggested

length and width than thicker kernels of rough and brown
by Luh (1991), Matsuzaki (1995), and Bhattacharya
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rice within each variety (Table 3 and 4). The regressions
of mean width on mean thickness are significant for
rough and brown rice of the NERICA-Indica types and
the Japonica type. The linear equations for the regression

of mean width on mean thickness for the NERICA-Indica

types are
W,=083-T.+1.01 r2=0.77 P =0.01
W,=091-T, +0.64 r2=046 P =0.01
and for the Japonica type is
W,=048-T,+232 1r2=046 P =0.01
W, =041-T, + 2.14 r2=0.63 P =0.001

The

subscripts r and b represent rough and brown rice

where W = width (mm) and T = thickness (mm).

respectively. The regression of mean length on thickness

L,=219-T, +488 12 =0.69

where L = length (mm).

P =0.001

Such information could be useful in the cleaning
process of rough rice, which works based on differences
in physical properties between grain and foreign materials.
Rice-cleaning machines such as scalping and screen
separators function based on the size and shape of the
objects to be separated, as reported by Wimberly (1983),
and Luh (1991).

In addition, one-way ANOVA indicated that mean
sphericity fractions are significantly different among
fractions within each variety of rough and brown rice.

Significant difference was mostly found between

thinner and thicker kernels among the fractions within

Table 3 Average values of dimensional characteristics of rough rice

Thickness Length Width Thickness L/wW Sphericity  Volume

_ fraction (L) (W) (T) ratio (Sy) (K)
Varlety Tal [a] 3
mm mm mm mm () () mm
n=100 n=100 n=100 n=100 n=100 n=100

Unfractionated 9.4 ab 28 b 21 ¢ 34 a 040 b 295 b

Between 1.9&2.0 9.1 ¢ 28 ab 19 e 32 ¢ 040 b 269 c

NERICA- 4 Between 2.0&2.1 93 b 29 a 20 d 32 ¢ 0.41 ab 294 b
Between 2.1&2.2 9.4 ba 29 a 21 b 3.3 bc 041 a 311 a

Between 2.2&2.3 95 a 29 ab 22 a 34 b 041 a 322 a

Unfractionated 96 a 2.8 dc 21 ¢ 34 a 040 ¢ 303 b

Between 1.9&2.0 94 ¢ 29 a 19 e 3.3 dc 040 c 288 ¢

IR-28 Between 2.0&2.1 94 c 28 ¢ 20 d 33 c¢b 0.40 bc 293 ¢
Between 2.1&2.2 95 bc 28 cb 21 b 34 b 0.41 ba 306 b

Between 2.2&2.3 9.6 ab 29 b 22 a 3.4 ba 041 a 323 a

Unfractionated 90 b 24 d 19 ¢ 37 a 039 d 222 ¢

Below 1.8 87 ¢ 25 ba 18 e 34 d 0.39 cb 211 d

IR-50 Between 1.8&1.9 87 ¢ 25 cb 19 d 35 ¢ 0.39 bc 216 cd
Between 1.9&2.0 9.0 ba 25 ¢ 19 b 3.6 ba 0.39 cd 230 b

Between 2.0&2.1 9.1 a 25 a 20 a 3.6 bc 0.40 ab 249 a

Unfractionated 96 b 26 b 20 ¢ 38 b 0.38 bha 26.7 ¢

IR-64 Between 1.9&2.0 93 ¢ 26 b 20 d 36 ¢ 039 a 252 d
Between 2.0&2.1 9.7 b 26 ab 21 b 37 b 0.39 ba 276 b

Between 2.1&2.2 10.2 a 26 a 21 a 38 a 0.38 b 305 a

Unfractionated 73 a 34 ¢ 24 c 22 a 053 ¢ 31.6 bc

Between 2.1&2.2 71 b 33 d 22 e 2.1 ba 052 ¢ 282 d

Nanatsuboshi  Between 2.2&2.3 72 a 34 bc 23 d 21 ba 053 ¢ 307 ¢
Between 2.3&2.4 72 a 34 b 24 b 21 c¢b 054 b 323 b

Over 2.4 73 a 35 a 25 a 2.1 dc 055 a 346 a

Unfractionated 74 bc 35 b 23 ¢ 21 ab 0.53 ab 325 ¢

Between 2.1&2.2 73 ¢ 35 b 22 d 21 b 052 b 309 d

Yumepirika Between 2.2&2.3 75 b 35 b 23 ¢ 21 a 052 b 325 ¢
Between 2.3&2.4 75 b 35 b 24 b 21 ab 053 a 338 b

Over 2.4 7.7 a 36 a 25 a 22 a 053 a 364 a

Unfractionated 74 a 34 ¢ 23 ¢ 22 a 052 ¢ 312 ¢

Between 2.1&2.2 72 b 33 d 22 d 2.2 ba 052 ¢ 285 d

Oborozuki Between 2.2&2.3 73 b 34 c¢cb 23 ¢ 2.2 ¢cb 053 b 310 ¢
Between 2.3&2.4 75 a 34 b 24 b 2.2 ba 053 b 329 b

Over 2.4 75 a 35 a 24 a 21 c¢b 053 a 343 a

For each test, the mean followed by the same letter in the column within each type of rice do not differ statistically at 5% probability through

the one-way ANOVA and/or Tukey-Kramer’s Test.
[a] (—) = non dimensional.

was only significant for rough rice of the NERICA-Indica

types. The linear regression equation is

each variety (Table 3 and 4). The regression of mean
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sphericity on thickness was only significant for rough rice

of Japonica types. The linear regression equation is

Sp,=0.06-T,+038 r?2=0.60 P =0.001
where Sp = sphericity (-).
Sphericity of the NERICA-Indica types was

This
result was expected considering the lower slenderness of

approximately 75% of that of the Japonica type.

the Japonica type in comparison with the NERICA-Indica
types. This sphericity data could be important for
determining terminal velocity, drag coefficient, and
Reynolds number important parameters, which are
necessary for designing pneumatic conveying systems,
fluidized bed dryers, as well as for cleaning the rough rice
of impurities, as maintained by Sablani and Ramaswamy
(2003).

The same results were reached by Khush (2005),
Adebowale et al. (2011), and Bhattacharya (2001).

According to one-way ANOVA study, the mean
thousand-kernel weight fractions are significantly
different among fractions within each variety of rough

and brown rice. Thinner kernels had lower weight than

thicker kernels of rough and brown rice within each
variety. The regression of mean thousand-kernel weight
on thickness was highly significant (P < 0.001) for rough
and brown rice. The linear regression lines are shown in
Figures 3 and 4 respectively.

The Japonica type indicated higher values of grain
weight than the NERICA-Indica types in both rough and
brown rice.

This result was expected due to its higher kernel
The

regression of mean thousand-kernel weight on volume

volume, as reported by Wadsworth et al. (1979).

kernel was highly significant for rough and brown rice.

The linear regression equations for the NERICA-Indica

types are
TKW, = 0.90-Vk, — 031 r2=0.87 P =0.001
TKW, =118-Vk, +221 1r?=0.78 P =0.001
and for Japonica type
TKW, =10.1-Vk,— 6.5 r?2=0.85 P =0.001
TKW, =1.28-Vk,—041 r?=0.86 P =0.001

where TKW = thousand-kernel weight (g), and Vy =

Table 4 Average values of dimensional characteristics of brown rice

Thickness Length  Width  Thickness L/W  Sphericity Volume

_ fraction (L) (W) (M) ratio (Sp) (Kv)
Variety mm mm mm () () mm®
mm n=100 n=100 n=100  n=100 n=100  n=100

Unfractionated 69 a 24 a 19 b 30 a 046 b 170 a

Between 1.75 & 1.8 6.6 c 24 a 18 d 28 ¢ 0.46 ba 153 ¢

NERICA 4 Between 1.8 & 1.9 6.7 b 24 a 19 ¢ 28 ¢ 0.47 a 165 b
Between 1.9 & 2.0 69 a 24 a 20 a 29 b 046 a 171 a

Unfractionated 6.7 a 24 b 19 b 28 a 046 b 158 b

IR-28 Between 1.7 & 1.75 6.5 ¢ 24 a 1.7 d 27 b 046 b 148 ¢
Between 1.75 & 1.8 6.6 b 24 a 18 ¢ 27 b 046 b 155 b

Between 1.8 & 1.9 6.6 b 24 a 19 a 27 b 0.47 a 16.3 a

Unfractionated 65 b 20 b 16 ¢ 32 a 043 b 115 ¢

IR-50 Below 1.70 6.3 c 21 a 16 ¢ 30 ¢ 044 a 116 ¢
Between 1.7 & 1.75 65 b 22 a 17 b 30 ¢ 045 a 127 b

Between 1.75 & 1.8 6.6 a 21 a 18 a 31 b 044 a 133 a

Unfractionated 72 ab 22 b 18 b 33 a 042 ¢ 147 b

IR-64 Between 1.7 & 1.75 69 ¢ 22 a 17 ¢ 31 ¢ 043 b 143 ¢
Between 1.75 & 1.8 71 b 22 a 18 b 32 b 043 b 150 b

Between 1.8 & 1.9 73 a 22 a 19 a 33 a 043 b 158 a

Unfractionated 51 a 30 a 21 b 17 a 0.63 b 17.7 a

. Between 1.9 & 2.0 49 c 29 b 20 d 1.7 b 062 b 156 c
Nanatsuboshi  govveen21820 50 b 30 a 21 ¢ 17 ab 063 ab 170 b
Over 2.1 51 a 30 a 2.2 a 1.7 ab 0.64 a 18.1 a

Unfractionated 53 a 30 a 21 b 17 a 0.61 bc 185 a

- Between 1.9 & 2.0 51 b 30 b 20 d 17 a 061 c 166 b
Yumepirika  poeens1820 52 a 31 a 21 ¢ 17a 062b 181 a
Over 2.1 52 a 3.0 ab 22 a 17 a 0.62 ab 186 a

Unfractionated 5.2 ba 30 b 21 b 18 a 061 b 178 b

. Between 1.9 & 2.0 51 ¢ 29 ¢ 20 ¢ 18 a 0.60 c 16.2 ¢
Oborozuki Between21&20 52 b 30 ba 21 b 17a 06l b 177 b
Over 2.1 53 a 30 a 2.2 a 1.7 a 0.62 a 189 a

For each test, the mean followed by the same letter in the column within each type of rice do not differ statistically at 5% probability

through the one-way ANOVA and/or Tukey-Kramer’s Test.
[a] (—) = non dimensional.
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volume of the kernel (mm®).

Differences in grain weight between the Japonica type
and the NERICA-Indica types identified in this work
could be used in the design of storage structures, as
mentioned by Bucklin et al. (2007).

The weight of stored grain produces dead loads within
bins or storage buildings. These loads are different from
static and dynamic loads that appear during filling or
emptying of the storage structures. An example of dead
load would be the vertical load transmitted by the weight
on the foundation. Grain weight could also be used in
the design of structures to resist the effects of ground
motion caused by earthquakes.

The Japonica type showed the highest values of bulk
density, with rough rice showing ranges between 603 and
628 g/L, and brown rice showing ranges between 791 and
811 g/L, values which reflect those obtained by Ohstubo
(1995), Kunze et al. (2004), and Bhattacharya (2011).
Moreover, the NERICA-Indica types showed ranges
between 492 and 585 g/L, and between 749 — 791 g/L, in
rough and brown rice respectively, which were similar to
the values reached by Correa et al. (2007), and Shittu et al.
(2012) (Tables 5 and 6).

One-way ANOVA indicated that mean bulk density
was significantly different among fractions within each
variety of rough and brown rice.  Significant differences
were mostly found between thinner and thicker kernel
fractions within each variety.

The regression of mean bulk density on thickness was

NERICA-Indica: y = 29.15x - 34.11 R==0.89

Japonica:y =22.72x - 26.81 R==0.87
> A8
g7 ?
2
<] /
= 3
2 22 * ®  NERICA
2 4 A Indica
8' 17 A Japonica
c |\  ----- NERICA-Indica
—
Japonica
12 1 1 J
1.0 15 2.0 25 3.0

Thickness, mm

Figure 3 Relationship between weight and thickness of rough rice.

highly significant for rough and brown rice. The linear
regression equations are
BD, = 173.75 T, + 211.16 r?=0.77 P =0.001
BD, = 84.73-T, + 62581 r2=0.65 P =0.001

where BD = bulk density (g/L).

Differences in values between rough and brown rice
could be attributed to the air between the inner part of the
husk and the outer part of the grain in rough rice, as
reported by Wadsworth et al. (1979), Correa et al. (2007),
and Bhattacharya (2011). In addition, differences in
ranges between the NERICA-Indica types and the
Japonica type could be related to grain slenderness, as
suggested by Bhattacharya (2011).

The regression of mean bulk density on slenderness
was highly significant for rough and brown rice. The
linear regression equations are

BD, = —38.27-Sl,. + 696.41 r?=0.52 P =0.001
BD, = —22.73 - Sl,, + 844.35 r2=0.67 P =0.001
where Sl = slenderness (-).

The information obtained about bulk density could be
useful in predicting the vertical pressure at any point
within storage structures, as the higher the bulk density,
the higher the vertical pressure.

Moreover, it can be used to predict the required air
velocity in the design of pneumatic conveyors, and can be
used in conjunction with other properties to estimate
impact pressure in chutes, which is directly proportional
to bulk density, as reported by Bucklin et al. (2007).

NERICA-Indica: y =19.96 x - 16.17 R==0.72

30 r Japonica:y =16.93x - 13.43 R==0.84
(@]
o 25
=) i
E o
— 20 4\"
GE) /E o NERICA
g A/A a Indica
o 15 A o Japonica
S .
s 0 NERICA-Indica
Japonica
10 1 1 1 ]
1.0 15 2.0 25 3.0

Thickneés, mm

Figure 4 Relationship between weight and thickness of brown rice.
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Furthermore, the differences in values of bulk density
between rough and brown could be used in the operation
of tray-type paddy separator machines to remove brown
from rough rice kernel (Wimberly 1983, Luh 1991).

Values of grain fluidity for rough rice indicated ranges
between 64 and 84 g/s, and between 104 and 114 g/s, for
the NERICA-Indica types and

respectively.

the Japonica type
Furthermore, grain fluidity values for
brown rice showed ranges between 116 and 149 g/s, and

between 163 and 169 g/s, respectively, as summarized in

Tables 5 and 6.
NERICA-Indica types and the Japonica type could be

Differences in ranges between the

caused by the differences in sphericity. The regression
of mean grain fluidity on sphericity was highly significant
for rough and brown rice. The linear regression
equations are
GE, = 244.99 - Sp, — 20.62
GF, = 132.63 - Spp, + 76.89

where GF = grain fluidity (g/s).

r2=0.89 P =0.001
r2=10.75 P =0.001

Table 5 Average values of physical properties of rough rice

1000-kernel . Static angle Grain Static Coef.
Thickness fraction weight Bulk((éeDnilty of repose fluidity Frict.
Variety (TKW) ( f D) (GF) (/[Q]
mm g giL gls )
n=>5 n=5 n=>5 n=>5 n=5
Unfractionated 254 ¢ 565.0 a 40.6 cb 76.4 ba 052 ab
Between 1.9&2.0 210 d 5130 b 418 b 67.1 c 053 a
NERICA-4 Between 2.0&2.1 252 ¢ 570.1 a 42.4 ab 796 a 054 a
Between 2.1&2.2 272 b 5715 a 432 a 734 b 051 b
Between 2.2&2.3 29.2 a 561.2 a 42.4 ab 724 bc 053 a
Unfractionated 278 ¢ 5721 b 400 b 79.0 ab 053 b
Between 1.9&2.0 236 d 508.2 ¢ 400 b 68.8 ¢ 054 b
IR-28 Between 2.0&2.1 276 ¢ 576.7 b 418 a 76.9 b 057 a
Between 2.1&2.2 287 b 5855 a 424 a 816 a 0.54 ba
Between 2.2&2.3 294 a 5754 b 422 a 745 b 051 b
Unfractionated 209 c 559.3 a 402 b 80.0 a 053 b
Below 1.8 170 e 4922 b 400 b 704 b 054 b
IR-50 Between 1.8&1.9 203 d 556.8 a 40.6 ba 838 a 054 b
Between 1.9&2.0 217 b 560.5 a 40.6 ba 79.7 a 054 b
Between 2.0&2.1 226 a 553.8 a 418 a 64.4 b 059 a
Unfractionated 264 ¢ 584.2 a 406 b 81.6 ba 055 a
IR-64 Between 1.9&2.0 237 d 581.4 a 404 b 846 a 051 b
B Between 2.0&2.1 269 b 584.8 a 438 a 80.0 ba 0.53 ab
Between 2.1&2.2 29.0 a 584.1 a 436 a 75.7 b 051 b
Unfractionated 260 c 6274 a 39.0 cb 1103 a 057 a
Between 2.1&2.2 217 e 6039 b 396 b 1132 a 055 a
Nanatsuboshi Between 2.2&2.3 249 d 628.2 a 412 ab 1141 a 054 a
Between 2.3&2.4 26.7 b 631.3 a 41.0 ab 1119 a 054 a
Over 2.4 284 a 6289 a 414 a 1041 b 057 a
Unfractionated 26.8 ¢ 6158 b 39.6 ba 109.7 a 056 a
Between 2.1&2.2 222 e 586.2 ¢ 386 b 1111 a 0.55 ab
Yumepirika Between 2.2&2.3 263 d 6188 b 402 a 1123 a 053 b
Between 2.3&2.4 283 b 6258 a 406 a 1100 a 056 a
Over 2.4 29.1 a 619.6 b 40.6 a 1041 b 052 b
Unfractionated 256 ¢ 6150 b 39.6 c¢b 1096 a 054 b
Between 2.1&2.2 219 d 5794 ¢ 408 b 1029 c 052 b
Oborozuki Between 2.2&2.3 259 ¢ 6250 a 42.0 ab 1115 a 056 a
Between 2.3&2.4 27.7 ba 6289 a 416 ab 1106 a 053 b
Over 2.4 282 a 628.2 a 394 ¢ 1050 ¢ 053 b

For each test, the mean followed by the same letter in the column within each type of rice do not differ statistically at 5% probability through

the one-way ANOVA and/or Tukey-Kramer’s Test.
[a] (—) = non dimensional.

One-way ANOVA indicated that mean grain fluidity
was significantly different among fractions within each
variety of rough and brown rice. Significant difference

was mostly found between thinner and thicker kernels

among fractions within each variety. The regression of

mean grain fluidity on thickness was highly significant

for rough and brown rice. The linear regression equations

are
GF. =7173-T, — 63.79 r2=0.58 P =10.001
GF, = 56.43-T, + 37.42 r2=0.53 P =0.001
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where GF = grain fluidity (g/s).

Grain fluidity values of rough rice could be used to
design the aeration system in both non-mixing thin-layer
and continuous-flow dryers (Das and Chakraverty, 2003).
In addition, grain fluidity of rough and brown rice could
be helpful in determining the diameter of tube conveyors
such as pneumatic conveyors and chutes (Bucklin et al.,
2007).

3.4 Frictional characteristics

Values of static angle of repose showed ranges of

approximately 34° to 44° among all fractions of rough
rice, and 34° to 39° among all fractions of brown rice.
These ranges of values are higher and lower than those
described by Bhattacharya (2001) for rough and brown
rice respectively, and higher than the values suggested by
Kunze et al. (2004): 36° +5° for rough rice from 12% to
16 % of moisture content (Tables 5 and 6). Higher values
of static angle of repose in rough rice could be caused by
the awns and pedicels of the spikelet feature of the rice

husk, allowing more void space in the bulk grains.

Table 6 Average values of physical properties of brown rice

Thickness 1000-kernel Bulk Static angle Grain Static
fraction weight density of repose fluidity Coef. Frict.

Variety (TKW) (BD) (49 (GF) (/[1)]

o] al

mm g g/L gls ()_

n=>5 n=5 n=>5 n=>5 n=>5
Unfractionated 201 ¢ 783.7 a 36.0 a 1489 c 0.50 ba
Between 1.75 & 1.8 180 d 7485 ¢ 382 a 1308 b 0.49 ba

NERICA 4 Between 1.8 & 1.9 211 b 769.2 b 384 a 1410 b 048 b
Between 1.9 & 2.0 233 a 7728 b 378 b 1379 a 047 a

Unfractionated 21.2 a 796.2 a 350 a 1420 ba 048 b

IR-28 Between 1.7 & 1.75 194 d 7825 ¢ 388 b 141.4 cb 045 a
Between 1.75 & 1.8 212 ¢ 788.7 b 378 b 1365 ¢ 049 a

Between 1.8 & 1.9 223 b 791.2 ab 372 ¢ 1348 a 050 a

Unfractionated 166 b 786.2 a 346 a 147.4 bc 047 a

IR-50 Below 1.7 153 ¢ 766.9 c 38.0 ba 139.7 ba 046 a
Between 1.7 & 1.75 16.7 b 776.4 b 370 b 1422 ¢ 0.46 a

Between 1.75 & 1.8 176 a 7740 b 36.6 ¢ 1353 a 045 a

Unfractionated 20.7 ¢ 7752 a 34.8 a 136.8 ba 048 a

IR-64 Between 1.7 & 1.75 193 d 7669 b 38.2 ba 129.2 bc 047 a
Between 1.75 & 1.8 211 b 772.8 ab 372 b 1233 ¢ 047 a

Between 1.8 & 1.9 223 a 769.2 ab 36.4 c 116.0 a 046 a

Unfractionated 222 b 818.3 a 338 a 1639 b 048 a
. Between 1.9 &2.0 195 d 7912 ¢ 39.0 ba 152.7 ba 0.53 ba
Nanatsuboshi g veen 2.1 & 20 217 ¢ 8052 b 382 b 158.3 b 052 b
Over 2.1 233 a 806.5 b 374 ¢ 1574 a 051 ¢

Unfractionated 223 ¢ 818.3 a 346 a 169.1 c 049 b

.. Between 1.9 & 2.0 207 d 7975 d 38.4 ba 155.0 b 054 a
Yumepirika o een 21 & 20 228 b 8052 ¢ 376 b 1604 b 050 a
Over 2.1 241 a 8117 b 370 ¢ 159.4 a 049 a

Unfractionated 21.2 d 811.7 a 344 a 1640 b 048 a

. Between 1.9 & 2.0 203 ¢ 7949 c 384 a 1571 b 051 a
Oborozuki  goieen21 & 2.0 224 b 8039 b 376 a 157.6 b 051 a
Over 2.1 238 a 807.8 ba 376 b 1532 a 050 a

For each test, the mean followed by the same letter in the column within each type of rice do not differ statistically at 5%
probability through the one-way ANOVA and/or Tukey-Kramer’s Test.

[a] (—) = non dimensional.

The difference in values between rough and brown
rice is caused by the reduction in volume when the husk
is removed by processing (Correa et al., 2007).

One-way ANOVA indicated that mean static angle of
repose fractions and mean dynamic angle of repose
fractions are significantly different among fractions
within each variety of rough and brown rice. Significant
difference was mostly found between thinner and thicker

kernels among fractions within each variety.

Values of angle of repose achieved in conjunction
with other properties could be helpful in predicting lateral
pressure acting on the walls, as well as the equivalent
grain height at the wall, data which is required for
designing the walls of storage structures. When these
types of rice are transported using chutes by means of
gravity, the chute slope should exceed the angle of repose,

as reported by Bucklin et al. (2007). Additionally, bucket
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elevator capacity could be based on the angle of repose of
rough rice (Wimberly 1983).

Static coefficient of friction on a rubber surface
indicated values between 0.51 and 0.59 for rough rice,
and between 0.45 and 0.54 for brown rice. This result
for rough rice on a conveyor belt is lower than the range
of between 0.60 and 0.66 obtained by Suastawa et al.
(1998). This result is expected given that the static
coefficient of friction decreases as a result of the milling
process independently of the variety and surface materials,
as reported by Mohsenin (1986) (Table 5). One-way
ANOVA indicated that the mean static coefficients of
friction are not significantly different among fractions
within each variety of rough and brown rice. Data on
coefficients of friction could be used to determine the

horsepower required to drive a conveyor belt.

4 Conclusions

From the results achieved in this experiment, it can be
concluded that:
1) The NERICA type of rice showed a closer relationship
with the Indica type than it did with the Japonica type.
2) Thinner kernels indicated different physical properties

compared with thicker kernels. This information could

be useful in improving and increasing the efficiency of

processes such as cleaning and milling.
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