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ABSTRACT
Bulk storage is, progressively, becoming an important
method for paddy rice storage in Egypt. This study was
carried out to investigate the role of aeration in
maintaining quality of raw paddy rice stored in bulk.
Three aeration treatments, i.e., no aeration (control),
aeration by using a centrifuge fan and circulation, were
tested for a period of six months.
Aeration treatments
were applied every two weeks. Random samples were
drawn from three sections in each bin i.e., upper, middle
and lower, at each interval.
The results indicated that aeration treatments,
sampling sections and sampling dates (storage duration)
caused significant changes in the studied characteristics of
stored paddy especially, temperature and moisture content
of grains. Aeration treatments tended to decrease number
of pests in stored rice, thus, maintaining the quality of
stored rice throughout the storage period. Significant
simple correlation coefficients were, also found between
pairs of studied characters such as moisture and 1000
grain weight (0.31*), bran and germ percentage (0.224*),
broken percentage (0.207*) and yellow grains percentage
(0.302*). However, moisture was negatively correlated
with temperature (-0.401**).
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properties

INTRODUCTION
Rice is one of the most important crop in Egypt. The
area planted with different types reached about 1.4
million feddan in 2014 (MOALR, 2014). The total grain
yield in the same year was about 3.91 million tons of
raw paddy rice. Most of the harvested paddy was
delivered for rice milling companies for processing.
During the processing period, rice was stored using
different storage methods, such as packing in jute bags
and kept in open such as sheds or warehouses, or stored
as bulk in bins. Since paddy grains are harvested with
moisture content too high for safe storage, modern bulk
storage facilities suffer from serious problems with
moisture migration and condensation, increase of
temperature within stored paddy, which cause losses in
quality of stored paddy as high as 35% (Chrastil, 1990,
Hamaker et al., 1993 and Park et al., 2012). Elevated
humidity and temperature in storage bins enhance the
infection with fungi, such as moulds, and infestation
with insect, which affect the quality of stored paddy and
increase losses during processing (Sabra et al., 1986
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and Arthur 1994). Several methods were suggested to
overcome the problems of paddy bulk storage. Aeration
for different periods of times is a generally accepted
practice for maintaining the quality of stored paddy
grains (Kunze, 1984 and Colderwood et al., 2004). This
investigation was carried out to study the effect of
different aeration treatments on quality characteristics
of bulk stored paddy rice over a period of six months.
MATERIALS AND METHODS
This study was carried out at the Rice Technology
Training Centre, Alexandria, Egypt for a period of six
months, starting 15Feb 2015. The rice cultivar used in
this study, was Sakha 105, a short - grained japonica
type, and the amount of paddy needed for this
experiment was provided from the harvested crop of
2014.
Four metal bins, each of 5 tons capacity, were used
to study three aeration treatments as follows:
i- No aeration (control) in which the paddy was kept in
a closed bin throughout the period of experiment.
Ii-Aeration every two weeks, using a 2.40 m3/h
centrifuge fan for two hours duration at noon time.
Iii-Circulation in which the paddy was transferred
between two bins, using a 1 t/h bucket elevator,
every two weeks.
Every bin was divided into three sections, i.e. upper,
middle and lower.
Samples were randomly taken from each section
using a 100 cm sampler.
Samples, each weighing 2 kg, were sealed in plastic
bags and the following technical and quality
characteristics were rapidly measured:
1) Moisture content (%): Determined using an infra-red
instrument Model F-1A (AOAC, 1990).
2) Temperature ( C): It was determined using a thermo
cable net installed in each bin.
3) Thousand grain weight: Determined as an average of
three 1000 grain samples taken from each section
using grain counter model KY-131.
4) Cracked grains (%): This percentage was determined
by counting the cracked grains in a random sample
of 100-grains placed on a mirror board MK-300.

780

ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 34, No3 JULY- SEPTEMBER 2013

5) Bran and germ (%): Determined by whitening a
sample of 100 g of cargo rice using a whitening
machine type Satake TMO5.
6) Broken (%): Calculated from whitening a random
sample of 100 g of cargo rice, using a whitening
machine, type Satake TMO5, for two minutes.
Whitening was carried out , using a carborandum
stone roller, grade No.36.
7) Yellow grains (%): Determined by visual separation
of yellow grains from a random sample of 100 g
of milled rice.
8) Damaged grains (%): Determined by visual
separation of black or brown spotted grains from a
random sample of 100 g of milled rice.
9) Husk (%): Determined by dehusking random a
sample of 100 g paddy rice using a lab rubber paddy
husker, type Satake THU35A.
10) Dead and live insects: Calculated by counting the
number of dead and alive insects in a random
sample of 100 g of paddy rice, then expressed as the
number per kilogram of paddy rice.
Analysis of Data
Statistical analysis of data was carried out as a
factorial experiment in one replication. First order
interaction aeration treatments X sections was used as
an error term to test differences in both aeration
treatments and sections factors, whereas the second
order, 3-factor interaction, was used as an error term to
detect variations with intervals and its first order
interactions.
The analyses were carried out, according to Cochran
and Cox (1957).
RESULTS AND DISCUSSION
The analysis of variance, for the studied characters,
is presented in Table (1).
The data indicated that aeration treatment, i.e. no
aeration (control), aeration and circulation, had
significant effects on 1000-grain weight, cracked grains
percentage and broken grain percentage. The sampling
sections i.e., upper, middle and lower sections of each
silo, significantly affected percentage of moisture
content, temperature and number of dead and alive
insects found in each section.
All studied characters, except for cracked grains
percentage, were significantly affected by sampling date
expressed in the form of a sampling interval of two
weeks between samples for a period of 24 weeks (i.e.
12 intervals). The analysis, also, indicated that the
studied characters, except for yellow grains percentage
(Phillips et al., 1988 and Shuo et al., 2014) damaged
grains percentage (Zhou et al., 2002) and number of

dead insects (Arthur, 1994) were affected significantly
by one or another of the first order interactions (aeration
treatments X intervals or sections X intervals). This
shows that the factors included in this study did not
affect the measured traits independently, whereas the
insignificance of these interactions indicated the
possibility of studying the effect of each individual
factor, on studied characters, independent from the two
other factors.
Moisture content, temperature and storage duration
were the most important factors affecting the
technological characters of stored rice (Indudhara et al.,
1978 and Gough et al., 1987). Means of studied
characters, as affected by aeration treatments, section
and storage intervals are presented in Tables 2, 3 and 4,
respectively.
The data in Table (2) indicated that both circulation
and aeration had significantly higher 1000 grain weight
than the control. In addition, circulation tended to have
a higher percentage of cracked grains, as well as broken
kernels than the control.
With regard to the other studied characters,
differences among treatments were insignificant, though
there was a trend indicating that aeration and circulation
tended to have higher percentages of yellow grains,
damaged grains and number of dead insects than the
control. Colderwood et al. (2004), in an investigation to
determine the effectiveness and limitation of aeration
for maintaining the quality of rough rice in long-term
storage, concluded that control of stored-grain insects
was the most important factor in successful long-term
storage of rough rice. They, also, pointed out that
aeration maintained stored rice at cooler temperature
than under non-aeration conditions.
Means of studied characters presented in Table (3)
indicated that the upper section of the silo had a
significantly
higher
moisture
content,
lower
temperature, higher number of dead and alive insects
compared to the lower section. The higher moisture
could be attributed to the, unexpectedly, high
precipitation rate during the period of experiment which
caused wetting of the upper section of the silo due to
water infiltration into the silo. Gough et al. (1987)
added several explanations for higher moisture content
at the top surface of the silo, compared to other
locations, which included respiration moisture, rising by
air convection, from insects in the rice bulk, humid
ambient air entering the silo head scopes, and moisture
from the interior of the rice bulk rising by air
convection to the top surface.
The other studied characters showed insignificant
differences among the different sections of the silo,
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although the upper section tended to have a higher

percentage of yellow grains,
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compared to the middle and lower sections. The
middle section gave the highest values for broken
percentage. Such results clearly emphasizes the
necessity to draw random samples from different
sections of the silo in order to have a correct diagnosis
of the stored paddy in the silo .Drawing samples from
one level only for laboratory assessment, would result
in misleading information about the conditions of stored
paddy.
Data presented in Table (4) indicated that there was
no fixed trend for the effect of storage interval on most
of the studied characters except for broken percentage
and number of dead and alive insects whereas, means of
all other measured traits fluctuated, significantly or
insignificantly, with elongation of storage period
(Villareal et al., 1976 and Daniels et al., 1998). On the
other hand, the three former traits increased with
increasing storage duration. The increase was noticed
starting from the seventh interval. Park et al (2012)
noticed that the average moisture content of aerated
bulk of rice decreased from an initial moisture content
of 20 to 12.5% in seventy days, but, after 180 days of
storage, the average moisture content increased up to
13.0 % . On the other hand, the average moisture
content of non-aerated bulk decreased slightly from
17.0 to 15.0 %, in a period of 160 days, then, increased
significantly. The average temperature of the bulk was
close to the ambient for about 150 days storage and,
then, started to increase. The average temperature
reached a value of 30 C, compared to an ambient
temperature of 23.5 C. The maximum grain
temperature reached 43 C after 180 days. They
concluded that such high temperature was a result of
self-heating. Also, Gough et al. (1987) indicated that
bulk temperature fluctuated in response to ambient air
temperature and that aeration of bulk rice caused the
temperature to decline with the diurnal minimum
ambient air temperature.
Simple correlation coefficients between pairs of
studied characters, are presented in Table (5). The data
indicated that moisture content was significantly
correlated with all characters except for cracked grains
percentage and husk percentage. The correlation
between moisture content and studied characters was
also found to be positive, except for temperature where
relationship was negative.
Temperature was negatively and highly significantly
correlated with 1000 grain weight and yellow grains
percentage.
Cracked grains percentage was positively and
significantly correlated with bran and germ. Bran and
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germ percentage was found to be significantly and
positively correlated with broken and husk percentage.
Besides, broken percentage was positively and
significantly correlated with both damaged grains and
husk, whereas yellow grains percentage was positively
and highly significantly correlated with husk
percentage.
These results emphasize the role of temperature and
moisture content of grains as important factors affecting
the milling quality of rice stored in bulk. Nguyen et al.
(2009) emphasized the importance of those two factors
and their effect on technological characters of stored
rice.
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