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A bstract Variations of the geometric characteristics of
three Iranian rice varieties, namely Tarom Mahalli, Fajr and Neda,
at different processing levels were determined using micrometer
and image processing methods. The results obtained by both pro-
cedures showed that the geometric characteristics of all three va-
rieties ie length, width, height and projected area, are decreased and
the sphericity increased by removing the outer and the brownish
layers. The relationships between the micrometer data and the
image processing ones were obtained linearly as represented by re-
gression equations. It was found that the micrometer data are under-
estimated for all the geometric factors and that the true size and
sphericity ie ones obtained using image analysis, can be estimated
with root mean square error (RMSE) of less than 6% from the dimen-
sional features provided by micrometer procedure.
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INTRODUCTION

Rice is the staple food for most of the Asians (Badawi,
2004) and more than half of the world’s population relies on
rice as the major daily source of calories and protein.
Ancient records indicate that rice has been cultivated in Iran
since the first century BC (FAO, 2007) and today Iran is one
of the most important rice producers among the middle-east
countries. Rice cultivation is the principal activity and source
of income for millions of households around the globe. It is
also a popular traditional activity in Iran, contributing a great
amount to the national income.

After harvest rough rice (or paddy) enters whitening
section, during which the hulls and the brownish outer bran
layer are removed from paddy and brown rice, respectively.
By removing the bran particles, the white rice (milled rice) is
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then produced. Knowledge of physical dimensions plays an
important role for designing huller and husker equipments.
Moreover, it is an essential issue in marketing and grading,
developing new varieties, and drying operations. At the pre-
sent time, specialised technicians are employed to assess the
dimensional properties. However, in most cases these me-
thods are cumbersome, tedious, time consuming and have
low reproducibility. It is then of major technical and econo-
mical importance to implement new methods for reliable
and fast assessment of grain varieties. Of these methods,
image processing systems play a more and more important
role in the food evaluation by maintaining accuracy and
consistency (Du and Sun, 2004). Increasing applications of
the image processing techniques are evident in grain-based
industries for quality grading and classification based on ker-
nel size, shape and appearance (Yadav and Jindal, 2007a).
Sakai et al. (1996) studied the effects of three rice varieties
and polishing methods on the shape of brown and white rice
by means of image analysis system. Dalen (2004) determi-
ned the size distribution and the percentage of broken rice
kernels by different kinds of flat bed scanner and image
processing system. Yadav and Jindal (2001) used the machi-
ne vision system to monitor the milling process and deve-
loped models for estimating the head rice yield and white-
ness of milled rice samples. Shahin and Symons (2003)
determined the seed size and colour attributes for identifying
the lentil type using image analysis system. Doehlert et al.
(2004) analysed the oat kernel size uniformity using image
analysis technique and sequentional sieving method. Mohoric
et al. (2004) used the RARE imaging method to monitor the
cooking of single rice kernel in real time and at high spatial

© 2010 Institute of Agrophysics, Polish Academy of Sciences



22 B. EMADZADEH et al.

resolution in three dimensions. Yadav and Jindal (2007b)
also modelled the dimensional changes in milled rice kernel
during cooking and soaking by image analysis. Correa ef al.
(2007) studied the physical and mechanical properties of
three varieties of rice at different processing levels ie paddy,
brown rice and white rice. Razavi and Farahmandfar (2008)
investigated the effect of hulling and milling on the gravi-
metric, frictional and aerodynamic properties of three varie-
ties of rice grains.

The attempt to evaluate the size and shape factors of
three rice varieties at different processing levels by both
micrometer procedure and digital image analysis system.

MATERIALS AND METHODS

Three paddy varieties, namely Fajr, Neda and Tarom
Mabhalli, were obtained from Amol research centre for rice
located in Amol city, Mazandaran province, Iran. They were
all related to a single source and one crop year (2007). The
grains were cleaned manually by removal all foreign matter
such as dirt, stones and broken rice. The grains were dried
to approximately 12% (w.b.) by air convection oven at
10543°C (Razavi and Farahmandfar, 2008). About 5 kg of
rough rice sample of each variety was separated and kept in
polyethylene bags. Samples of rough rice were dehusked with
a rice dehuller (Satake, THU-35, Satade Corp., Hiroshima,
Japan), and the brown rice was obtained. The output of rice de-
husker was milled for 30 s in a friction mill (McGell
Miller#2 , Rapsco, Brookshir, TX). The resulting milled rice
was cooled to room temperature and then separated manual-
ly into head rice and broken rice. The paddy, brown and
head-milled rice samples were kept in polyethylene bags
and then stored at 5°C in refrigerator until the experiments.

50 individual grains were randomly selected from the
remainder of each rice variety at each processing level and
the three dimensions were measured using a digital micro-
meter (model QLR digit- IP54, China) with an accuracy of
0.001 mm. The length (L), width (W) and height (H) of rice
grain were defined as the longest dimension of the maxi-
mum projected area, shortest dimension of the minimum
projected area, and the minimum diameter of the maximum
projected area, respectively. The average diameter of each
sample was obtained using the arithmetic mean and geo-
metric mean of three axial dimensions. The arithmetic mean
diameter (Da), geometric mean diameter (Dg) and the sphe-
ricity (¢) of samples at each level of moisture content were
calculated by the relationships given by Mohsenin (1978).
The projected area of rice grains was found by analogy with
a prolate spheroid shape.

The images were prepared using a desktop scanner
(Canonscan 8400F). Fifty rice kernels were placed on the
glass plate of the scanner avoiding kernel to kernel contact.
The kernels were then covered by a non-reflecting black
cloth. The scanner resolution was set to 300 dpi and the ima-
ges were stored in JPEG format for further analysis. The
Clemex image processing software (Clemex Vision Profes-

sional, PE4, Canada) was used to determine the required
measurements of each grain. The images were processed
with a 5x5 filter to reduce noise. Different threshold levels
were selected for each rice variety at each processing level.
By removing the background of each image, the images only
contained the grains. Further image analysis determined the
area, sphericity and also major and minor axes representing
the length and the width of grains, respectively. The deter-
mined parameters were in pixels and the program had the
capability to convert the measurements to pm.

All the geometric properties of rice grains were deter-
mined with fifty replications at each level of processing. The
kernels for both experiments were chosen from the same
batch using a standard method for sampling. Means, stan-
dard deviations, regression equations, coefficient of de-
terminations and RMSE values were obtained by Microsoft
Excel software (2007). Results were subjected to analysis of
variance and means were compared using Duncan test at 5%
probability by MSTATC software, version 1.42. The R?and
the RMSE statistics were used to evaluate the goodness of
fit. The final RMSE values <10, 10-20, 20-30 and >30%, re-
presenting the excellent, good, fair and poor fit, respecti-
vely. To compare the image processing data and micrometer
measurements, the slope and intercept values of linear re-
gression equations were tested against 1 and 0 values using
Student t-test (Analla, 1998).

RESULTS AND DISCUSSION

Data of size and shape factors analysis measured by
micrometer and image processing system are presented in
Table 1. Mean values of geometric characteristics measured
by micrometer have decreased during the processing levels.
It indicates that the processing levels ie removing the outer
and the bran layers, have a significant effect on the size
values for all three varieties. It is obvious that the paddy of
Fajr and Tarom Mahalli varieties have the maximum and
minimum length values, respectively. However, there is no
significant difference between the lengths of the last pro-
cessing level for these varieties. The width and the height of
Neda and Fajr varieties showed the highest and the lowest
values for all processing levels. The width of Neda and
Tarom Mahalli varieties did not have any statistically signi-
ficant differences. Seeds graded uniformly, according to
size, provide uniform germination and usually give in-
creased harvesting yield (Varnamkhasti ez al., 2008). Effec-
tive grading according to width occurs when the sieve is vi-
brating vertically. When the length of the particle is no more
than twice the width, the grading would be accepted even on
sieves which vibrate horizontally (Klenin et al., 1986).
Therefore, grading operation for three studied varieties can
only be performed based on the vertical vibration. It is not in
agreement with the results obtained for Sorkhe and Sazan-
degi cultivars which could be separated using vertical and
also horizontal vibrating sieves (Varnamkhasti et al., 2008).
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The geometric and arithmetic mean diameters de-
creased during the processing as axial dimensions. Although
similar trends of variation were observed for both mean
diameters, the arithmetic mean diameter values were higher
than the geometric mean diameter ones for all cases.

The results indicate that removing the hull has made the
sphericity values increase. This result is obviously validated
by the obtained images (Fig. 1). The sphericity values of rice
grains at all processing levels fall within the 0.32-1 range
suggested by Mohsenin (1986) for most agricultural pro-
ducts. It is also in agreement with the results reported for the
rough rice of Sorkhe and Sazandegi varieties (Varnamkhasti
et al., 2008).

The projected area of all three varieties showed signi-
ficant decrease by de-hulling and milling operations. There
was about 35.44, 45.78 and 39.23% decrease for the pro-
jected area values of Tarom Mabhalli, Fajr and Neda varie-
ties, respectively.

The results of size and shape factors analysis by image
analysis system are summarized in Table 2. Similar trends
are observed for dimensions variations during processing
and between varieties. However, the values obtained for
length, width and sphericity by micrometer were lower than
those obtained by image analysis. It seems that the subjec-
tive nature of micrometer measurement has made some
deviations from the real values for dimensions and also
projected area calculated based on these dimensions. The
sphericity values extracted using Clemex image processing
software were higher than the results obtained by means of
a micrometer.

Histograms of length, width and area distributions pre-
sented as stacked bar graphs provide much more informa-
tion about grain size uniformity and the relation of digital
image analysis data to ones obtained by micrometer (Figs 1
and 2). The size uniformity of all varieties was improved by
removing the hull and brownish layer in both methods.
However, the size distribution around the mean value re-
mains fairly unchanged in micrometer method.

Figures 3-6 represent the relationship between the ima-
ge processing data and the usual micrometer measurement.
The figures show that the values obtained by micrometer
were underestimated compared to image processing data for
all factors. However, the results obtained using Student's
t-test indicate that there is no difference between the slope
and the intercept values of fitted equations against 1 and 0
values (the slope and the intercept values of 1:1 line).

Regarding the coefficients of determination and RMSE,
linear regression equations are adequately appropriate for fit-
ting image processing data against the micrometer method.
These results validated the hypothesis that the true size and
the sphericity of rice grains can be estimated with root mean
square error (RMSE) of less than 6% from the dimensional
features provided by micrometer procedure.

Fig. 1. Typical images of different processing levels of Tarom
Mabhalli rice variety obtained using a flat bed scanner: a— paddy or
rough rice, b — brown rice, ¢ — white rice.
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Rice is classified into three categories eg long, medium
and short by the ratio of length to width (L/W) (Sakai et al.,
1996). The results obtained by both methods used (Tables 1
and 2) indicate that these three varieties belonged to the long
category ie the grain length and width ratio was higher than
3.0 in all cases.

The complete image processing method, from scanning
the grains to receiving a result, took about 3 min, of which
about 2 min were for image processing. However, the
manual procedure took at least 1 h for size determination of
100 or more rice grains.

CONCLUSIONS

1. Removing the husk and bran had significant effects
on dimensional attributes.

2. Sphericity showed significant increase during the
de-husking and milling operations.

3. The results obtained by micrometer procedure were
underestimated for all geometric characteristics.

4. The results obtained by micrometer can linearly be
converted to the more accurate and reliable results obtained
by image processing system.

5. The image processing method is a rapid procedure for
investigating the geometric characteristics of rice varieties.

REFERENCES

Analla M., 1998. Model validation through the linear regression fit
to actual versus predicted values. Agric. Sys., 57(1), 115-119.

Badawi T.A., 2004. Rice-based production systems for food
security and poverty alleviation in the Near-East and North
Africa: new challenges and technological opportunities.
Proc. FAO Conf. Rice, February 12-13, Rome, Italy.

Correa P.C., Schwanz de Silva F., Jaren C., Afonso Jr. P.C.,
and Arana J., 2007. Physical and mechanical properties in
rice processing. J. Food Eng., 79, 137-142.

Dalen G., 2004. Determination of the size distribution and per-
centage of broken kernels of rice using flatbed scanning and
image analysis. Food Res. Int., 37, 51-58.

Doehlert D.C., Mcmuller M.S., Jannik J.L, Panigrahi S., Gu H.,
and Riveland N.R., 2004. Evaluation of oat kernel size uni-
formity. Crop Sci., 44(4), 1178-1186.

Du C.J. and Sun D.W., 2004. Recent developments in the appli-
cation of image processing techniques for food quality
evaluation. Trends Food Sci. Technol., 15(5), 230-249.

Klenin N.I., Popov LF., and Sakun V.A., 1986. Agricultural
Machines, Theory of Operation, Computation of Control-
ling Parameters and the Conditions of Operation. Reka
Printers Private Limited, New Delhi, India.

Mohoric A., Vergeldt F., Gerkema E., Jager A., Duynhover J.,
Dalen G., and As H.V., 2004. Magnetic resonance imaging
of single rice kernels during cooking. J. Magnetic Reso-
nance, 171, 157-162.

Mohsenin N.N., 1978. Physical properties of plant and animal
materials. Gordon and Breach Press, New York, USA.

Razavi S.M.A. and Farahmandfar R., 2008. Effect of hulling
and milling on the physical properties of rice grains. Int.
Agrophysics, 22, 353-360.

Sakai N., Yonekawa S., Matsuzaki A., and Morishima H., 1996.
Two-dimensional image analysis of the shape of rice and its
application to separating varieties. J. Food Eng., 27,397-407.

Shahin M.A. and Symons S.J., 2003. Lentil type identification
using machine vision. Canadian Biosys. Eng.,45,305-311.

Varnamkhasti G.M., Mobil H., Jafari A., Keyhani A.R.,
Heidari Soltanabadi M., Rafiee S., and Kheiralipour K.,
2008. Some physical properties of rough rice (Oryza sativa
L.) grain. J. Cereal Sci., 47(3), 496-501.

Yadav B.K. and Jindal V.K., 2001. Monitoring milling quality of
rice by image analysis. Com. Electr. Agric., 33, 19-33.

Yadav B.K. and Jindal V.K., 2007a. Modeling changes in milled
rice (Oryza sativa L.) kernel dimensions during soaking by
image analysis. J. Food Eng., 80, 359-369.

Yadav B.K. and Jindal V.K., 2007b. Dimensional changes in mil-
led rice (Oryza sativa L.) kernel during cooking in relation to
its physicochemical properties by image analysis. J. Food
Eng., 81, 710-720.



