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Introduction

Rice (Oryza sativa L.) is grown on nearby one-
tenth cultivatable land on the Earth (Khan et al., 

2013). More than one hundred countries in the world 
cultivate rice. In 2019, it was cultivated on about 162 
million hectares area and produced approximately 
755 million tons globally (FAOSTAT, 2019). Asia ac-
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counts for more than 90% worldwide rice production 
(Kumar and Prasad, 2013). It is the second frequently 
consumed food among all the cereals throughout the 
world. China, Indonesia, Pakistan, Vietnam and India 
are the major rice producing countries (Verma et al., 
2015). Rice is highly consumed in Asia & Africa con-
tinents, whereas, less in European Union (Vlachos 
and Arvanitoyannis, 2008). Out of total rice produc-
tion more than 90% rice consumed by Asia and is 
staple food for most population which includes 560 
million hungry persons (Mohanty, 2013). Rice pro-
duction of Pakistan is around 6 million tonnes annu-
ally along with remining South Asia supplying 25% 
paddy of the globe (Prasad et al., 2010). After wheat 
rice is our next staple crop. It is one of major exports 
for foreign exchange earnings in food group. In 2018-
19, 2810 hectares were cropped, which produced 7202 
thousand tons (GoP, 2019). Rice consists of 80% car-
bohydrates, 7–8% protein, 3% fat and 3% fiber ( Ju-
liano, 1985). Rice is good source of micronutrients 
like magnesium, calcium, phosphorus riboflavin and 
niacin (Oko and Ugwa, 2011). Aromatic varieties are 
excessively used by the consumers because of superi-
or attributes such as super fine slender grains, good 
culinary, fine flavor and enlargement during cooking 
(Bhattacharjee et al., 2002). Majority of the buyers 
prefer rice based on its aroma and in terms of aro-
ma ‘basmati’ rice is the most desired one all over the 
world (Ahmad, 2001). Its cooking quality attributes 
like grain length & extension throughout culinary, 
stickiness, & length/breadth ratio are, also impor-
tant to consumers. Basmati rice has very interesting 
cooking qualities i.e., non-waxy, non-glutinous, non-
sticky and longest elongation after cooking (Thomas 
et al., 2013). The moisture, ash, fiber, protein, and fat 
content of coarse varieties ranges from 9.23-12.26, 
0.67-3.81, 0.98-4.21 and 6.04-8.98, and 1.23-5.45 
g/100g, respectively (Kausar et al., 2020). Whereas, 
the aromatic varieties consists of carbohydrate, pro-
tein, fat, and ash content of 84.3, 9.4, 1.4, and 0.6 
g/100 respectively (Gunathilaka et al., 2015). Market 
value of rice mainly depends on the grain appearance 
including shape/size of the kernel, translucency and 
chalkiness. Rice with the damaged eyes have unat-
tractive look and little market value. Likewise, high 
chalkiness lower the market acceptability. Compared 
to other varieties, the market value of Basmati is very 
high due to its large grain size and linear elongation 
and lower chalkiness (Shamim et al., 2017). Through-
out the storing, temperature & humidity are impor-
tant characteristics that can define physical, chemical 

& cooking attributes changes. Some basic sensory 
and chemical attributes are affecting rice properties 
specially during storage (Butt et al., 2008). Similarly, 
rice shows changes in physical appearance and aroma 
throughout its aging in storage (Tananuwong et al., 
2011). Storage affects the grain quality and account-
able for the difference in the look, milling, consump-
tion, culinary, and dietary characteristics (Atungulu 
et al., 2019). It affects the moisture content, WAR, 
VER, grain elongation ratio, and amylose content 
(Butt et al., 2008). Moreover, physicochemical at-
tributes of the rice are dynamic during the stowage 
environment with the passage of time. Research has 
shown that extension in storage time influenced elas-
ticity with gradual decrease of recovery of cooking of 
rice which adhesion first increased and subsequently 
decreased. (Wang et al., 2017). The logic for more wa-
ter requirement of aged rice is due to gelatinization of 
starch granules, therefore cooking will be delayed as 
compared to fresh rice (Katekhong and Charoenre-
in, 2012). Water soaking prior to cooking diminished 
cooking time by 10 minutes and enhanced dimen-
sional variations of cooking rice (Hirannaiah et al., 
2011). Rice is most significant food crop grain and 
essential component of our diet, it is most needed 
way of food storage at household level with multilat-
eral benefits like, high caloric availability & enhanced 
shelf life. Buyers are more conscious about superiority 
of rice they consume. The grain look, flavor, nutritious 
benefits & culinary attributes are key elements for 
assessing quality. Storage environment is an effective 
element impacting the rice physicochemical charac-
teristics of the gain. In the light of the above facts, 
this research was conducted, the study aimed at deter-
mining the impact of storage conditions on physical 
features & cooking traits of the white rice coarse & 
aromatic varieties 

Materials and Methods

Collection of samples
Paddy samples of three varieties (one aromatic and 
two coarse, Lateefy, DR-82 and IR-6) were collect-
ed from RRI, Dokri, Sindh and aromatic BS-385 
was taken from Rice Research Institute Kala Shah 
Kaku Punjab, Pakistan. The paddy rice was dried and 
cleaned before de-hulling. 

Sample preparation
To obtain the white rice the stake sheller was used to 
de-hull the paddy rice. After de-hulling the samples 
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of white rice were dried at room temperature (25±1 
°C) for 24 hours. Afterward rice samples were filled 
in 3 different packaging materials i.e. gunny, cotton, 
and nylon bags, then kept at 20 ± 1 °C in cold storage 
room for a period of one year at the IFST, SAU, Tan-
dojam, Sindh Pakistan. Physical & cookery analysis 
were done on freshly milled rice and stored samples 
on quarterly basis as for 3, 6, 9 and 12 months.

Evaluation physico-chemical parameters 
Moisture (%): Water content was estimated by plac-
ing 100g sample of each in oven at 105±5°C temper-
ature (AACC, 2000 method No.44-15 A). 

1000-grain weight (g): To record the thousand grain 
weight of fresh and stored rice, 50 gram sample of 
each variety was taken, counted and 1000 seed weight 
(g) was noted on electric balance.

Gel consistency (mm): The GC was assessed by the 
process recommended by Cagampang et al. (1973). 
The white rice was crushed into fine powder. Rice 
powder weighing 100mg was transferred into test 
tube measuring 2 x 19.5 cm to ethanol 5 (0.2 ml) 
along with thymol blue (0.25%) subsequently the 
solution of KOH measuring 2.0 mL (2.8gin distilled 
water i.e., 250 mL) was added. The blend was retained 
for eight minutes in the tank of boiling water. Subse-
quently, it was kept for five minutes for normal cool-
ing. Lastly, sample was placed for twenty minutes in 
the ice bath. Afterwards test tubes were detached, the 
samples were saved in straight form for one hour & 
grid paper was utilized for measurement. Pertaining 
to gel consistency (mm), it is explained that a measure 
of the flow characteristics of rice gel (100 mg) in 2 ml 
of 0.2 N KOH and is indexed by the length of the 
horizontal gel in mm in a 13 x 100 ml test tube. This 
test separates rice in hard (length 36 mm or less) in-
termediate (length 36-50 mm) and soft (length over 
50 mm) gel consistency.

Cooking superiority assessment
Cooking characteristics of each rice variety was eval-
uated by following different parameters as explained 
below:

Volume Expansion Ratio (VER) and Water Absorption 
Ratio (WAR)
The extent ratio of each cooked rice variety was ob-
served by the method of Juliano (1971). The VER was 
performed by separating the volume of the boiled rice 

over the uncooked rice. However, WAR was attained 
separating mass of baked rice over the uncooked. To 
measure the volume expansion ratio of cooked rice, 
ten gram10-gram rice grains of each variety were tak-
en in 100mL cylinder (in triplicate) already filled with 
50mL of water. Water & rice volume was together 
expanded in the measuring cylinder and afterward 
upsurge in volume was noted. However, in the 2nd 
group, samples were sodden in the water, after thirty 
minutes samples were boiled for ten minutes. There-
after, the water was  immediately filtered and mixed 
with cold water. To drain water completely, the boiled 
rice was passed through strainer & then put over the 
filter paper. After complete drained, Same process of 
raw rice was used to determine the cooked rice vol-
ume. Cooked rice Water absorption & Volume ex-
pansion was noted by using the following formula:

WA: Water absorption; WCR: Weight of cooked 
rice; WRR: Weight of raw rice; VE: Volume expan-
sion; HCR: Height of cooked rice; HRR: Height of 
raw rice.

Statistical analysis
Tests were carried out utilizing 3 imitates, the ob-
tained data was statistically analyzed by the software 
package Statistix 8.1. (2003).

Results and Discussion

Moisture (%)
The results regarding the moisture content among dif-
ferent varieties (aromatic and coarse), packaging ma-
terial and time intervals was significantly (P < 0.05= 
0.000) varied. Table 1 indicted moisture content of 
aromatic BS-385 was increased during the storage 
period, it was 10.76% at fresh level while, 18.60% 
was noted in cotton bag after one year whereas, 
10.76 to 17.00% in gunny & nylon respectively. The 
increase was also observed in DR-82, at the initial 
stage 11.57% was determined, however, 18.27% was 
observed in cotton and 11.57 to 17.07% in gunny and 
11.57 to 18.00% in nylon. Moisture content of coarse 
IR-6 was increased, at fresh level it was 12.13% while 
17.80% was found after one year in cotton, 12.13 to 
17.43% in gunny and in nylon from 12.13 to 17.40%. 
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Table 1: Moisture content (%) of different rice varieties affected by different packaging materials and storage time.
Varieties Packaging 

material
Storage intervals (months)

Fresh (0 days) 3 Months 6 Months 9 Months 12 Months  Means
BS-385 Cotton 10.76 v 16.47 n 19.00 cde 18.60. efg 18.60 efg 16.68 a

Gunny 10.77 v 15.77 o 18.60 efg 17.00m 17.00 m 15.82 f

Nylon 10.77 v 15.50 op 19.00 cde 17.00 m 17.07 m 15.86 ef

DR-82 Cotton 11.57 u 14.20 rs 19.60 ab 18.40 fgh 18.27 ghi 16.40 cd

Gunny 11.57 u 15.73 o 19.17 bcd 17.20 lm 17.07 m 16.14 cd

Nylon 11.57 u 14.77 q 20.00 a 18.00 hij 18.00 hij 16.46 ab

  Cotton 12.13 t 14.70 qr 18.80 def 18.00 hij 17.80 ijk 16.28 a

IR-6 Gunny 12.13 t 15.00 pq 19.33 bc 17.40 klm 17.43 klm 16.26 bc

  Nylon 12.13 t 13.73 s 19.00 cde 17.40 klm 17.40klm 15.93 b

Lateefy Cotton 11.10uv 15.67 o 19.20 bcd 18.80 def 17.47 klm 16.44 b

Gunny 11.10uv 15.53 o 19.00 cde 17.07 m 17.40 klm 16.02 def

Nylon 11.10uv 14.73 q 19.40 bc 17.60 jkl 17.60 jkl 16.08 de

Mean 11.39d 15.15c 19.17a 17.76b 17.59b  
SE 0.2559 0.1144
LSD 5% 0.5067 0.2266

Aromatic Lateefy showed increase, 11.10% was not-
ed at fresh level, whereas, 17.47% was observed af-
ter one year in cotton bag, 11.10 to 17.40% in gunny 
and 11.10 to 17.60 in nylon respectively. The mois-
ture content of all varieties was significantly increased 
in the one year storage period. Main reason of the 
moisture increase was due to the moisture exchange 
between the white rice and its storge environments. 
Storage circumstances resulted in increased moisture, 
storing rice grains at cold temperature gave the high-
est moisture content (%) of milled grains (El-Kady et 
al., 2013). Wangspa et al. (2018) has stated that the 
storage-induced changes in the moisture content. 
Among all the varieties, higher moisture contents 
(20.00%) was noted in coarse variety DR-82, when 
it was packed in nylon bag for 6 months duration, 
surpassed by 19.60% in same variety at same time pe-
riod in cotton bag. While, in aromatic varieties high 
moisture content (19.40%) was recorded in Lateefy at 
6 months storage period packed in Nylon bag; how-
ever, at the same time it was also observed in gunny 
bag (19.20%) in the same variety. The lowest mois-
ture content (10.76 %) was recorded in aromatic rice 
variety, Basmati Super (BS-385) at fresh level. The 
trends of moisture contents during the storage peri-
od were found declined after nine months in cotton 
and gunny packaging materials. Due to high grain 
moisture content, the susceptibility to pest and insect 
attack was increased during storage (Champagne et 

al., 1997), even though, it has been reported that at 
15% of moisture content gives more flavour to rice 
and the impact of rice brightness on taste density is 
related to additional moisture provided. The storage 
period affects the quality of rice due to swelling of 
starch granule has also been reported by Katekhong 
and Charoenrein (2012). 

1000-grain weight
The results of the 1000-grain weight (g) of all the 
varieties regarding the packaging, material and time 
intervals was significant (P < 0.05= 0.000) and pre-
sented in Table 2. The 1000-grain weight of aromatic 
BS-385 during the storage was increased, 16.60g was 
noted at fresh level, whereas, after one year 17.50g 
was determined in cotton bag while in nylon and 
gunny from 16.60 to 17.10g respectively, decrease was 
found in coarse DR-82 from 20.70 to 20.60g in cot-
ton, 20.73 to 19.30g in gunny and 20.60 to 19.53g in 
nylon. Grain weight of the coarse IR-6 was decreased, 
at initial stage it was 21.30g while, 21.20g in cotton 
bag was noted after one year. Whereas, in gunny from 
21.30 to 20.00g, it was increased in nylon from 21.30 
to 21.80g respectively. The aromatic Lateefy showed 
increase in 1000-grain weight in cotton bag at fresh 
level it was 14.90g while, 16.00g was observed after 
one year, while in gunny and nylon from 14.90 to 
15.60g respectively. Significant change was observed 
in the 1000-grain kernel weight of the varieties
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Table 2: 1000-grain weight (g) of rice varieties affected by different packaging materials and storage time.
Variety Packaging 

material
Storage Intervals (months)

Fresh (0 days) 3 Months 6 Months 9 Months 12 Months Mean
 
BS-385

Cotton 16.06 no 18.00 jk 18.03 j 17.50 jkl 17.50 jkl 17.40 e

Gunny 16.06 no 18.00 jk 18.00 jk 17.10 j-m 17.10 j-m 17.28 e

Nylon 16.06 no 18.00 jk 17.40 jkl 17.00 k-n 17.10 j-m 17.12 ef

 
DR-82
 

Cotton 20.70 fgh 25.00 a 19.90 ghi 20.70 fgh 20.60 fgh 21.36 b

Gunny 20.73 fgh 25.00 a 19.70 hi 19.26 i 19.30 i 20.79 d

Nylon 20.60 fgh 25.00 a 19.70 ghi 19.50 i 19.53 i 20.89 cd

 
IR-6
 

Cotton 21.30 ef 24.00 ab 22.00 cde 21.50 def 21.20  ef 21.99 a

Gunny 21.30 ef 23.00 bc 22.30 cd 20.00 ghi 20.00 ghi 21.32 bc

Nylon 21.30 ef 23.00 bc 21.20 ef 21.80 de 21.80 de 21.82 a

Lateefy
 

Cotton 14.90 p 20.10 ghi 16.60 l-o 16.40 mno 16.00 no 16.80 f

Gunny 14.90 p 16.00 no 16.00 no 15.70 op 15.60 op 15.64 h

Nylon 14.90 p 18.00 jk 16.80 lmn 15.70 op 15.60 op 16.20 g

Mean 18.24c 21.092a 18.98b 18.50c 18.45c

SE 0.5169 0.2311
LSD 5% 1.0234 0.4577

with change in moisture content. Gharekhani et al. 
(2013), has reported the variation of thousand grain 
weight with the moisture content from 15.11 to 21. 
5g in white rice of Fajar and from 16.96 to 21g in 
Tarom white rice from 5 to 37% weight basis (w.b) 
rise in moisture content. El-Kady et al. (2013) has re-
ported significantly decrease in the 1000-pady grain 
by increasing storage period. Among all varieties the 
higher 1000-grain weight (25.00g) of DR-82 was ob-
served at 3 months storage period when kept in cot-
ton, nylon and gunny bags followed by other coarse 
variety IR-6 at 3 months storage (23.00g) in gunny 
and nylon bags, respectively. However, in aromatic 
varieties lowermost grain weight (14.90g) was not-
ed in Lateefy at fresh level. After 6 months storage 
period, 1000-grain weight showed decline trend in 
all varieties and packaging materials. Previous studies 
have suggested that between 20 and 30g weights of 
1000 grains are measured better; whereas, the lower 
weight by 20g indicated the occurrence of immature 
damage grains (Perdon et al., 1997). Similarly, Adu-
Kwarteng et al. (2003) revealed that, physical quality 
of rice grain dependent on the grain length, weight 
and width. The variation in grains weight varies be-
tween 14.5 to 18.5g; 16.97 to 24.54g has also been re-
ported by different researchers in the literature which 
support our study (Thomas et al., 2013; Shabbir et al. 
(2008); Bian et al., 2013). 

Gel consistency (mm)
The results pertaining to gel consistency at Table 3 
showed significant (P < 0.05= 0.000) differences 
among all varieties, packaging material and time in-
tervals. Higher gel consistency (92.00mm) was noted 
in aromatic rice variety, BS-385, at 9 months storage 
period in cotton bag. Whereas, at the same time peri-
od it was determined (90.00mm) in coarse rice variety 
IR-6 packed in cotton bag. However, among coarse 
varieties, the lowest gel consistency was observed in 
IR-6 (48.00mm) at 3 months storage period in nylon 
bag. The trend of gel consistency of all varieties showed 
increase from 6 to 9 months storage period in all pack-
ages. After 12 months high mean value was noted in 
coarse variety DR-82 (79.40) packed in cotton bag. 
The GC (mm) results indicates that all varieties were 
medium and soft with the gel length values between 
45.00 to 94.00 mm. Many coarse and aromatic rice 
varieties having similar amylose contents and physical 
dimensions like the size of grain its shape and look, 
therefore, it is difficult to classify them exactly. Gel 
consistency is the only reliable test which differen-
tiates such rice varieties. Literature also reveals that 
intermediate amylose rice with softer gel consistency 
is preferred because of their more tenderness. Sagar 
et al. (1988) reported gel consistency ranges from 33 
to 67mm in coarse and aromatic varieties. With the 
increase of time of rice storage, eventually reduces 
the elasticity though the grain hardness and adhesion 
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Table 3: Gel consistency (mm) of different rice affected by different packaging materials and storage time.
Varieties Packaging 

Material
Storage Intervals (months)

Fresh (0 days) 3 Months 6 Months 9 Months 12 Months Mean
BS-385 Cotton 80.0 cde 65.0 gh 80.0 cde 85.0 abc 80.0 cde 78.00 abc

Gunny 80.0 cde 68.0 fgh 71.6 efg 80.0 cde 80.0 cde 75.93 abc

Nylon 80.0 cde 50.0 jk 74.0 def 75.0 def 75.0 def 70.86 de

DR-82 Cotton 65.0 gh 60.0 hi 90.0 ab 92.0 a 90.0 ab 79.40 a

Gunny 65.0 gh 65.0 gh 80.0 cde 84.0 abc 80.0 cde 74.80 bc

Nylon 65.0 gh 55.0 ij 75.0 def 80.0 cde 70.0 fg 69.00 ef

IR-6
Cotton 60.0 hi 70.0 fg 88.0 abc 90.0 ab 85.0 abc 78.60 ab

Gunny 60.0 hi 65.0 gh 85.0 abc 82.0 bcd 80.0 cde 74.40 cd

Nylon 60.0 hi 48.3 jk 80.0 cde 84.0 abc 80.0 cd 70.53 e

Lateefy Cotton 60.0 hi 50.0 jk 75.0 de 80.0 cde 85.0 abc 70.00 e

Gunny 60.0 hi 45.0 k 70.0 fg 75.0 def 70.0 fg 64.00 g

Nylon 60.0 hi 50.0jk 71.6 efg 74.0 def 75.0 def 66.13 fg

Mean 78.36c 57.61d 78.36b 81.78a 79.19b

SE 4.30 1.9210
LSD 5% 8.50 3.8035

Table 4: Water absorption ratio of different rice varieties affected by different packaging materials and storage time.
Varieties Packaging 

Material
Storage Intervals (months)

Fresh (0 days) 3 Months 6 Months 9 Months 12 Months Mean
BS-385 Cotton 3.80 a 3.00 cde 2.70  e-h 2.70 d-h 2.60 e-h 2.96 ab

Gunny 3.80 a 3.10 bcd 2.80  d-g 2.80 c-g 2.73 d-h 3.04 ab

Nylon 3.80 a 3.10 bcd 3.50  ab 3.50 ab 2.40 gh 3.10 a

DR-82 Cotton 2.90 e-h 2.60 e-h 2.30  h 2.50  fgh 2.50 fgh 2.56 d

Gunny 2.90 e-h 2.90 c-f 2.47 fgh 2.50 fgh 2.40 gh 2.63 d

Nylon 2.90 e-h 2.90 c-f 2.50 fgh 3.07 bcd 2.90 c-f 2.85 bc

IR-6 Cotton 3.20 bc 2.50 fgh 2.30 h 2.60  e-h 2.50 fgh 2.62 d

Gunny 3.20 bc 2.97 cde 2.30 h 2.60 e-h 2.60 e-h 2.73 cd

Nylon 3.20 bc 2.90 c-f 2.80 c-g 2.80 c-g 2.70 d-h 2.88 bc

Lateefy Cotton 3.50 ab 2.90 c-f 2.43 gh 2.50 fgh 2.43 gh 2.75 cd

Gunny 3.50 ab 3.10 bcd 2.50  fgh 2.90  c-f 2.80 c-g 2.96 ab

Nylon 3.50 ab 3.10 bcd 2.50  fgh 3.10  bcd 3.00 cde 3.04 ab

Mean 3.35a 2.92b 2.52c 2.79b 2.53c

SE 0.2329 0.1041
LSD 5% 0.4610 0.2062

increase initially afterwards shows the reduction has 
also reported by Wang et al. (2017). 

Cooking characteristics
Water absorption ratio: The results presented in Ta-
ble 4 pertaining to Water Absorption Ratio (WER), 
higher WER (3.80 and 3.50%) was observed in ar-
omatic rice varieties, BS-385 and Lateefy at fresh 
level, respectively. While, the lowest water absorption 
(2.47%) was determined in coarse variety, DR-82 at 6 

months storage time period packed in gunny bag. The 
decreased in the water absorption ratio was found in 
all rice varieties after 3 months storage period in all 
packaging materials. Findings of the current investi-
gations are well aligned with Gee et al. (2005) who 
reported the similar trend of water absorption ratio 
from 3.96 to 6.8% and Shabbir et al. (2008) observed 
WAR ranged from 2.29 to 2.96% in the coarse and 
aromatic rice varieties.
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Table 5: Volume expansion ratio of different rice varieties affected by different packaging materials and storage time.
Varieties Packaging 

Material
Storage Intervals (months)

Fresh (0 days) 3 Months 6 Months 9 Months 12 Months Mean
BS-385 Cotton 4.20 c 3.50 d 2.50 ef 2.50 ef 2.60 e 3.06 b

Gunny 4.20 c 3.50 d 1.80 ghi 0.90 k 1.20 jk 2.32 ef

Nylon 4.20 c 3.50 d 1.70 hi 0.90 k 1.00 k 2.26 efg

DR-82 Cotton 3.23 d 0.93 k 0.80 k 2.07 g 2.10 fg 1.82 h

Gunny 3.23 d 1.70 ghi 1.83 ghi 2.50 ef 2.53 e 2.36 ef

Nylon 3.23 d 3.47 d 2.60 e 1.70 ghi 1.93 gh 2.58 cd

IR-6 Cotton 4.20 c 5.70 a 1.60 hij 0.80 k 0.90 k 2.64 c

Gunny 4.20 c 4.20 c 1.80 ghi 1.73 hi 1.80 hi 2.42 de

Nylon 4.20 c 1.70 ghi 1.70 hi 1.90 hi 2.00 gh 2.30 efg

Lateefy Cotton 3.40 d 3.40 d 1.70  hi 4.80b 4.80b 3.64 a

Gunny 3.40 d 3.40 d 1.80 ghi 0.90 k 1.00 k 2.12 g

Nylon 3.40 d 2.70 e 1.70  hi 1.70 ij 1.70 ghi 2.20 fg

Mean 3.76a 3.01b 1.79d 1.85d 1.97c

SE 0.2101 0.0940
LSD 5% 0.416 0.1860

Volume expansion ratio: The results of all varieties 
regarding the Volume Expansion Ratio is presented 
at Table 5 revealed the higher volume expansion ra-
tio (5.70) was noted in coarse rice variety IR-6 at 3 
months storage in cotton bag followed by (4.20) of 
aromatic BS-385 and coarse IR-6 at fresh level. The 
lowest volume expansion ratio (0.80) was observed in 
coarse DR-82 in cotton at 6 months storge and (0.90) 
of IR-6 in cotton at 12 months in cotton. Afterward 3 
months period volume expansion ratio trend declined 
up to 12 months period. In the previous study, Yousaf 
(1992) had found noteworthy difference in volume in-
crease among stored and fresh rice. It was also report-
ed that volume of grain is affected by the time of stor-
age (Ge et al., 2005) (Verma et al., 2015). Shabbir et al. 
(2008) has observed the VER 3.20 in BS-85, 3.64 in 
IR-6, 3.08 in BS-370 and 2.35 in KS-282 respectively.

Conclusions and Recommendations

Results of the present study shows that the moisture 
content was highly increased in coarse varieties. Sim-
ilarly, the grain weight of both aromatic and coarse 
varieties was also increased. Physical & culinary qual-
ity characteristics of all rice varieties were largely af-
fected by the storage environments, time period and 
packaging material. The results of the current inves-
tigations maybe useful in relation to the selection of 
packaging materials for rice exporters and the storage 
temperature for long-term storage. These findings can 

be beneficial to the growers and households for safe 
storage of white rice regarding the physical and cook-
ing quality attributes.

Novelty Statment

Pakistan is the top rice producing country and ex-
porter in the world. Rice is our second important ce-
real after wheat, four different rice varieties (aromatic 
& coarse) were stored for 12 months in the controlled 
temperature in three different packaging materials. 
This very new research work will be helpful in the 
selection of packaging materials and storing circum-
stances for the rice storage.
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