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Grain and Seed Quality of Manawthukha Rice (Oryza sativa L.) as
Affected by Different Storage Containers and Storage Durations

Aung Aung Naing', Khin Thida One'"”, Thinzar Soe Myint', Ei Hay Man?, Kyaw Kyaw Win'

Abstract

To evaluate the grain and seed quality of Manawthukha rice variety as affected by different storage con-
tainers and storage durations and to identify the proper storage container and storage duration for quality
of Manawthukha rice variety, experiments were carried out at Laboratory of the Department of Agrono-
my, Yezin Agricultural University from May 2016 to May 2017 for summer and monsoon rice. In each
experiment, 3 x 3 factorial experiment was laid out in Randomized Complete Block (RCB) design with
four replications. Factor A was assigned with three types of storage containers: air tight tin bin, bamboo
basket and woven plastic bag, and three storage durations: no storage, two months storage, and four
months storage were laid out as factor B. Seed samples were stored at ambient conditions. In both stor-
age seasons, head rice yield and 1000 grain weight were significantly different. Milling yield, germina-
tion percentage, germination index and seedling vigor index were highly differed by the effect of storage
duration except the milling yield in summer rice storage. Grain and seed quality were significantly influ-
enced mostly due to the effect of storage duration rather than storage container for storage period. Air
tight tin bin maintained grain moisture relatively stable during the storage. Four months storage with air
tight tin bin gave the highest head rice yield in seed quality. Woven plastic bag gave the highest seedling

vigor index in seed quality.
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Introduction

Rice is the world’s single most important food-
stuffs as well as an important and nutritionally vital
food commodity that feeds more than half of the
world’s population (Deepak and shukla 2011). In
Myanmar, rice is important in national and interna-
tional trade with political and social implications.
Manawthukha variety was sown 1.125 million hec-
tares during 2015-2016 monsoon season and 94.1
thousand hectares in summer season (MOALI
2016).

Seed is one of the essential inputs of agri-
culture determining crop productivity and quality
seed may increase rice yield by 15-20% as well as
improve grain quality and market acceptability
(Fakir 2004). In Myanmar, most of rice farmers use

their own seed from year to year and readily distrib-
uted through informal farmer-to-farmer mechanisms
(Glenn et al. 2013).

Storage is essential for food security or as a
product bank for exchange into cash when required
(Mejia 2003). Rice is normally stored unhulled or
paddy rather than as milled rice for both consump-
tion and seed, as the husk protects against insects
and prevents quality deterioration. Grain and seed is
stored on-farm in jute bags, woven plastic bags,
traditional storage granaries, baskets, drums, and
other containers (Glenn et al. 2013).

Storage duration is another factor, which af-
fects seed and grain quality. Rice is stored several
days to several weeks and also several years depend
on the producers’ and researchers’ objectives (Zhou
et al. 2001; Ali et al. 2005; Sultana et al. 2016).
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Aging or storing rough rice for 3-4 months after
harvest also affects on grain quality (Villareal et al.
1976). Proper storage conditions are crucial in
maintaining quality and the value of stored rice.
Therefore, this research experiment was carried out
to point out the proper storage conditions for Man-
awthukha rice variety.

Materials and Methods

Experiments were carried out at laboratory of
the Department of Agronomy, at Yezin Agricultural
University, Nay Pyi Taw from May to September
2016 for summer rice storage and from December
2016 to May 2017 for monsoon rice storage. Man-
awthukha rice variety was used as the tested variety.
Rice sample was collected from local farmer in
Mandalay Township, Mandalay Region. The mois-
ture contents of rice samples were set to around
12.5 + 0.2% by natural sun drying method. Six kilo-
grams of samples were put in each type of container
and stored at ambient condition. Experiments were
subjected to a 3x3 factorial in Randomized Com-
plete Block (RCB) design with four replications.
Storage container was assigned as factor A compris-
ing of three types: air tight tin bin, bamboo basket
and woven plastic bag, whereas storage duration
was considered as factor B comprising of three lev-
els: no storage, two months and four months stor-
age. Grain and seed quality parameters were deter-
mined by the following methods.

1000 grain weight

One thousand of whole grains from each repli-
cate were randomly taken and measured in gram by
using electronic digital balance.

Milling yield and head rice yield

One kilogram of paddy sample was milled by
using a laboratory rice mill and weight of milled
rice was recorded. Then head rice including whole
milled rice and those that were at least three quar-
ters in length were separated by hand. Milling yield
and head rice yield were calculated by the following
formulae.

Weight of milled rice (g)

g o u.o -
Milling yield (%) Weight of paddy sample (g)

100

(IRRI 2013)
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Head s 1 (%) = Weight of head rice (g) 100
cadrice yield (%)= Weight of paddy sa:nple(g)X

(IRRI 2013)
Moisture content (wet basic)

Two grams of ground sample was taken from
each replicate and dry it in the oven at 130°C for 1
hour (AACC 1999). Moisture content of samples
was calculated by the following formula.

Initial weight (g)- final weight (g)

Moisture content (%6) = — - 100
oisture content (%) Initial weight (g) x

(IRRI 2013)
Germination percentage and germination index
One hundred seeds were randomly selected
from each replicate of seed samples. These were
placed on absorbent material inside the Petri dish
and checked that absorbent material remain moist.
The germination and seedling growth were daily
observed for 7 days and 10 days to determine ger-
mination index and germination percentage, respec-
tively. The number of germinated seeds were rec-
orded, and germination percentage and germination
index were calculated by the following formulae.
Number of seeds germinated

Germination (%) = 100
ermination (%) Number of seeds on tray x

(IRRI 2013)
G nation index — N1 N: Nn
ermt 1041 1 E}"&—D—l D_: D_n
(IRRI 2013)
Where:
Ny, Na ooy Ny : Number of emerged seedlings on
1, 2 and n™ day after seeding
Dy, D, ...,D, : Number of days after seeding
(1% to 7" days).

Seedling vigor index

At the end of germination test (10 days), the
seedling length was measured from 10 normal seed-
lings of each replication. It was measured from
shoot tip to root tip and seedling vigor index was
calculated by using the following formula.

Seedling vigor index = Germination (%) x Seedling length (mm)
(ISTA 1996)

Amylose content
Amylose content was determined by using the
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simplified iodine colorimetric procedure by the
method of Juliano (1971). Twenty grains were se-
lected and ground in the UDY Cyclone Mill. Sam-
ples were categorized into low, intermediate and
high based on the standard graph method of Wil-
liams et al. (1985). When the amylose content of
sample is  0-7%, that sample can be classified as
waxy, when amylose content is 8-20%, classified as
low, when 21-25%, classified as intermediate and >
25%, classified as high.
Gelatinization temperature

Gelatinization temperature was measured using
alkali-spreading value. The alkali digestibility test
was employed. Grains were soaked in 1.7% KOH
and incubated in a 30°C oven for 23 hours by the
method of Juliano (1971). Measurement ranges
were based on the following:

Temp ranges

Category o Alkali Spread
CO
Low 55-69 6-7
Int di-
e 70.74 45
ate
High 75-79 2-3
Gel consistency (GC)

Gel consistency was determined according to
the method of Cagampang et al. (1973). For each
sample, 100 mg of rice powder flour was placed
into a glass test tubes, 0.2 ml of thymol blue in etha-
nol solution was added, followed by shaking with
addition of 2.0 ml of 0.2N KOH. The mixture was
then boiled in a water bath followed by cooling in
ice cold water. The tubes were then kept horizontal-
ly on a millimeter paper and the length of the gel
was measured from the bottom of the test tube after
45 min. Measurement ranges and category were,
when sample gel length is 61-100 mm, that sample
can be categorized as soft, when gel length is 41-60
mm, categorized as medium and 26-40 mm gel
length, categorized as hard.

Elongation ratio

Using a photographic enlarger 25 whole milled
kernel’s lengths were measured. These measured
kernels were taken into a wire net and immersed in
distilled water for 30 minutes. Then the net contain-
ing 25 rice kernels were placed in boiling water for
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10 minutes. Then they was taken out and cooled to
room temperature. The cooked kernels were trans-
ferred into properly labeled Petri dishes lined with
Whatman No.l filter paper. The kernels were al-
lowed to dry at room temperature. The lengths of
cooked kernels were measured using the photo-
graphic enlarger. The average lengths of raw and
cooked kernels were calculated and the ratio of
cooked to raw kernel was given as result.
Statistical Analysis

The data were subjected to analysis of variance
by using the Statistix (version 8.0) software. Mean
data of the tested treatments were compared by the
Least Significant Difference (LSD) at 5% level.
Correlation analysis was also performed by the
method of Gomez and Gomez (1984).

Results and Discussions

Grain quality parameters in summer and mon-
soon rice storage

The mean values of grain quality as affected by
different storage conditions in summer and mon-
soon rice storage are shown in Table 1.
1000 grain weight

Thousand grain weights of stored rice were
different among three types of storage containers at
5% level in summer and at 1% level in monsoon
rice storage. Maximum 1000 grain weight (18.28 g)
was observed in summer rice storage and (20.33 g)
in monsoon rice storage from air tight tin bin. The
mean 1000 grain weights in bamboo basket (18.05
g) and woven plastic bag (18.18 g) in summer, and
(19.95 g) and (19.92 g) in monsoon rice storage
were not statistically different. Moreover, thousand
grain weight was significantly varied among the
storage durations (Pr < 0.0001) in both storage sea-
sons. In summer rice storage, thousand grain weight
increased with storage durations, however, it de-
creased in monsoon rice storage. Chakraverty et al.
(2003) described that rice grains are hygroscopic
and gain or lose water depending on the water vapor
present in them and in ambient air to attain equilib-
rium.
Milling yield

In both seasons, the milling yield was not sig-
nificantly different among all the treatments of dif-
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Table 1. Mean effects of storage containers and storages duration on grain quality of Manawthukha rice

variety in summer and monsoon rice storage

Summer rice storage

Monsoon rice storage

) Milling Head rice 1000 grain Milling Head rice
1000 grain . . . . .
Treatments weight (2) yield yield weight yield yield
sre (%) (%) ®) (%) (%)

Container
Air tight tin bin 18.28 a 60.91 39.62 b 19.92 b 55.82a 37.59a
Bamboo basket 18.05b 61.00 4281 a 20.33 a 52.99 a 34.57b
W lasti
ba;ven prastic 18.18 ab 60.45 37.61 ¢ 19.95 b 55.45ab  36.08 ab
LSD .05 0.16 2.47 1.89 0.20 2.63 2.07
Duration
(month)
No storage 17.92b 61.15 41.61a 20.56 a 58.60 a 34.63b
Two 1827 a 60.45 4042 a 20.04 b 56.52a 3894 a
Four 18.32a 59.96 38.02b 19.60 ¢ 49.14 b 34.67b
LSD .05 0.16 2.47 1.89 0.20 2.63 2.07
Pr>F
Container 0.02 0.89 < 0.0001 0.0002 0.07 0.02
Duration <0.0001 0.50 0.002 <0.0001 <0.0001 0.0002
Contai

ontamer x 0.17 0.93 0.007 0.04 0.04 0.13
Duration
CV% 1.01 4.83 5.61 1.16 5.71 6.81

In each column, means having a common letter are not significantly different at 5% level of LSD

ferent storage containers and different storage dura-
tions. These results might be due to insufficient
storage duration. The maximum milling yield
(61.00%) was obtained from bamboo basket in sum-
mer rice storage but woven plastic bag (55.82%) in
monsoon rice storage. Nevertheless, milling yields
were significantly different among storage durations
(Pr < 0.0001). Milling yield decreased with storage
durations. This may be due to the improvement in
dryness of rice grains on storage particularly in non-
air tight container. Similarl finding was reported by
Rosario et al. (2017). The maximum milling yield
was resulted from no storage which was not signifi-
cantly different from that of two months storage.
The lowest milling yield was resulted from four

months storage.
Head rice yield

The results showed significant differences in
head rice yield among storage containers at 1% lev-
el in summer rice storage but at 5% level in mon-
soon rice storage. This result might be due to differ-
ent moisture equilibrium of seeds stored in different
types of containers. Among the storage containers,
bamboo basket gave the highest head rice yield
(42.81%) in summer rice storage and woven plastic
bag (37.59%) in monsoon rice storage. Moreover,
head rice yields were significantly different among
storage durations in both storage seasons. Ankit
(2014) stated that head rice yield and cooking prop-
erties were also affected (p <0.05) by storage dura-
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tion. The maximum head rice yield was resulted
from no storage (41.61%) in summer rice storage
but two months storage (38.94%) in monsoon rice
storage.

Seed quality parameters

The mean effects of seed quality as different
storage containers and storage durations are shown
in Table 2.

Moisture content

The average moisture content of rice storage
was (12.5£ 0.2%) in both storage samples before
storage. In both storage seasons, the moisture con-
tent of stored rice significantly varied among types
of storage containers (Pr < 0.0001). Among the stor-
age containers, air tight tin bin could maintain their
grain moisture content relatively stable as no stor-
age. The other two containers were not air tight and
therefore moisture fluctuation may be happened
according to their equilibrium along storage. There
was also significantly different in moisture content
with storage durations (Pr < 0.0001).

In summer rice storage, grain moisture content
decreased after two months storage compared to no
storage, however, increased at the end of four
months because storage durations were synchro-
nized with wet season. Therefore moisture absorp-
tion of stored rice was occurred to reach their equi-
librium. In monsoon rice storage, grain moisture
content decreased after two months storage as well
as after four months storage than no storage due to
this storage synchronized during dry season and
also storage containers were kept in ambient condi-
tions. Dhaliwal et al. (1991) reported that the mois-
ture content of paddy increased in all samples stored
in no air tight bag (gunny bags) under ambient con-
ditions with the onset of the monsoon. However,
there was decreased sharply within a month and the
moisture decreased further up to six months of stor-
age, probably due to low temperature and dry
weather.

Germination percentage

In both storage seasons, germination percentage
was not affected by types of storage containers (Pr
= 0.38). In summer rice storage, air tight tin bin
gave the maximum germination percentage
(96.08%) followed by woven plastic bag (96.00%)
and bamboo basket (95.25%). Numerically, bamboo
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basket gave the maximum germination percentage
(70.25%) followed by woven plastic bag (69.58%)
and air tight tin (68.75%) in monsoon storage. This
result might be due to good and stable germinability
of Manawthukha variety even in the different con-
tainers. On the other hand, significant differences of
germination percentage were found in storage dura-
tions (Pr < 0.0001) in both storage seasons. Chow-
dhury et al. (2014) found that not only storage con-
tainers but also storage period had a significant ef-
fect on the germination percentage of rice seed after
120 days of storage period.

In both storage seasons, germination percent-
age was significantly lower before storage com-
pared to stored rice. However, germination percent-
age was significantly higher at two months and four
months after storage. Low germination percentage
of fresh rice may be mainly due to seed dormancy,
especially in Manawthukha rice variety. However,
storage could break dormancy, and therefore germi-
nation percentage was increased after each storage
duration.

Germination index

Types of storage containers did not significant-
ly influence on germination index in both storage
seasons. The maximum germination index (28.52)
was found in air tight tin bin followed by woven
plastic bag (28.5) and bamboo basket (28.07) in
summer rice storage. In monsoon rice storage, the
maximum germination index (18.93) was obtained
from bamboo basket followed by woven plastic bag
(18.63) and air tight tin bin (17.54). In both storage
seasons, effect of storage duration on germination
index significantly differed at 1% level. The lowest
germination index (26.93) was found from fresh
rice; however, there were obviously increased after
two months and four months storage. Variation in
germination index was regarded mainly as the con-
sequence of variation in germination percentage in
all tested treatments.

Seedling vigor index

In both storage seasons, seedling vigor index
was not significantly different by types of storage
containers (Pr = 0.65). This might be due to good
viability of Manawthukha variety even in different
storage containers in the different seasons. The
maximum seedling vigor index (11979) in summer,
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and (8207.40) in monsoon rice storage were found
in woven plastic bag followed by bamboo basket
(11771) and air tight tin bin (11680) in summer.
The highly significant differences were found in
seedling vigor index with different storage durations
(Pr <0.0001). The highest seedling vigor index was
obtained from four months storage followed by two
months storage but the minimum value was ob-
tained from no storage. Seedling vigor index of rice
at three storage durations were significantly differ-
ent from each other. However, Rosario et al. (2017)
reported that seedling vigor index was significantly
different in the different storage materials for fourth
month of storage.
Physicochemical properties
Amylose content

The mean amylose content as affected by dif-
ferent storage conditions in summer and monsoon
rice storage are shown in Figure 1. The mean amyl-
ose content of fresh rice was found about 31% that
indicating high level of amylose content (Williams
et al. 1985). In both storage seasons, amylose con-
tents were slightly increased with storage durations
almost in all types of storage containers. Increasing
rate was higher in four months storage than in two
months storage. Zhou et al. (2001) mentioned that
the alpha-amylase and beta-amylase activities of
rough rice samples decreased significantly during
storage and unwell break amylose content is accu-
mulated in stored rice. Therefore, amylose content
of stored rice is usually higher than that of fresh
rice. In summer rice storage, maximum amylose
content of stored rice was resulted from bamboo
baskets (32.2%) in two months, (34.80%) in four
months storage, however, in monsoon rice storage,
there was resulted from woven plastic bag (32.3%)
in summer,and (32.5%) in monsoon rice storage.
Gel consistency

Gel consistency as affected by different storage
containers and storage durations is showed in Figure
2. The mean gel consistency of rice before storage
was found to fall in the category of “intermediate”
in both storage seasons (Cagampang et al. 1973).
However, gel length decreased to “hard” level dur-
ing storage. Gel consistency obviously decreased in
two months storage. Because starch of fresh rice is
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formed in a solution state, but it has been changed
into granules during storage. Therefore, rice flour
from freshly harvested rice is generally softer and
stickier than that from aged rice (Kanlayakrit and
Maweang 2013). Regardless of gel consistency of
fresh rice (46 mm), the maximum gel consistency
(31.5 mm) was observed from air tight tin bin in
two months storage and woven plastic bag in four
months storage (30.0 mm). Reversible result was
observed in monsoon rice storage, the maximum gel
consistency (31.5 mm) was observed from woven
plastic bag in two months storage and air tight tin
bin in four months storage (29.0 mm).
Gelatinization temperature

Gelatinization temperature as affected by dif-
ferent storage containers and storage durations are
presented in Figure 3 for both storage seasons. In
both storage seasons, gelatinization temperature of
Manawthukha rice belonged to high/intermediate
level (74-75°C) (Juliano 1971) at fresh rice
stage. Gelatinization temperature distinctly in-
creased after two months storage in all storage con-
tainers. There were similar gelatinization tempera-
tures among types of storage containers. In addition,
gelatinization temperature was remained unchanged
after four months storage in all types of storage con-
tainers as in two months storage. Similar finding
was reported by Wattinee and Charoenrein (2014).
Hull (1955) reported that under normal storage con-
ditions grains exhibit continuous physicochemical
changes due to the physiological activities of the
germ and endosperm, and these affect cooking
properties and nutritive value.
Elongation ratio

The mean elongation ratio of rice as affected by
different storage containers and storage durations is
shown in Figure 4 for both seasons. In summer rice
storage, elongation ratio obviously increased with
storage duration. This result indicated that the elon-
gation ratio of cooked rice increases during aging
process as a result of changes in rice grains leading
to more water absorption during cooking, resulted
in larger volume of cooked rice (Chrastil 1994).
Elongation ratio (1.8) was remained stable in two
months storage among the storage containers, how-
ever, the maximum elongation ratio (1.9) was ob-
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served from bamboo basket and woven plastic bag
in four months storage respectively. In monsoon
rice storage, bamboo basket and woven plastic bag
also gave maximum elongation ratios (1.9) in four
months storage duration.

Conclusion

Head rice yield and 1000 grain weight were
significantly different as a result of significant vari-
ation in moisture content of stored seed by the re-
sponses to types of storage container and storage
duration. Milling yield, germination percentage,
germination index and seedling vigor index were
highly differed by the effect of storage duration
except the milling yield in summer rice storage. In
physicochemical properties, amylose content, gelat-
inization temperature and elongation ratio were in-
creased, and gel consistency was decreased with
storage in all treatments. However, the rates of
changes were higher in four months storage than in
two months storage, with the exception of gelatini-
zation temperature and gel consistency, which were
not changed due to difference in storage duration.
For grain quality, rice should be stored in air tight
tin bin in order to get the highest head rice yield
especially in summer rice storage during four
months. For seed quality, woven plastic bag should
be used to ensure the higher seedling vigor index in
both summer and monsoon rice storage for four
months. Further study may be needed to investigate
the long-term effect of this storage containers and
storage durations.
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