
~ 1 ~ 

International Journal of Research in Agronomy 2022; 5(1): 01-06 

 
E-ISSN: 2618-0618 

P-ISSN: 2618-060X 

© Agronomy 

www.agronomyjournals.com  

2022; 5(1): 01-06 

Received: xx-04-2021 

Accepted: xx-06-2021 
 

Suman Bagale 

Department of Agronomy, 

Institute of Agriculture and 

Animal Science, Tribhuvan 

University, Kathmandu, Nepal 

 

Smirti Shahi 

Sher-e-Bangla Agricultural 

University, Dhaka, Bangladesh 

 

Utsav Pokhrel 

Institute of Agriculture and 

Animal Science, Tribhuvan 

University, Kathmandu, Nepal 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author: 

Suman Bagale 

Department of Agronomy, 

Institute of Agriculture and 

Animal Science, Tribhuvan 

University, Kathmandu, Nepal 

 

Physical, Physico-chemical and cooking qualities of 

major landraces of rice (Oryza sativa L.) found in 

western Nepal 

 
Suman Bagale, Smirti Shahi and Utsav Pokhrel 
 

DOI: https://doi.org/10.33545/2618060X.2022.v5.i1a.64 

 
Abstract 
To meet the growing demand of rice crops, most of the researchers are focused on producing high yielding 
varieties without considering the potential grain quality attributes of landraces. So, to excavate the 
knowledge on grain quality study was carried out with twenty landraces of rice (Oryza sativa) found in 
Tanahun, Lamjung and Kaski districts of Nepal for the assessment of physical, Physico-chemical and 
cooking traits on Complete Randomized Design at the research laboratory of Lamjung Campus. All the 20 
varieties were examined for physical traits such as hulling, milling percentage, bulk density, 1000 kernel 
weight and grain dimensions, landraces were found to be significantly different at (P> 0.05). Ekle was 
found to have the highest bulk density and 1000 kernel weight of (0.90±0.009g/cm3), (26.25±0.41g) 
respectively. Among the studied landraces 60% of the landraces were found to have high gelatinization and 
40% of the landraces were found to have intermediate gelatinization temperature. The longest gel length 
and elongation ratio were recorded in Tude (85.67±2.33mm) and Tilki (1.55±0.02) respectively. Landraces 
such as Ekle, Tude, Kalogede are in the verge of being obsolete, yet they are found to be noble in terms of 
Physico-chemical and cooking traits so these landraces can also be used in modern rice breeding programs. 
 
Keywords: Gelatinization temperature, gel consistency, alkali spreading test, grain qualities assessment 

 
1. Introduction  
With the increase in the world population, there is growing demand for food crops. Every nation 
in the world seeks for better food production program. The commercial and high input 
agriculture has ensured food security around the globe during the recent years. Technology 
assisted agriculture, introduction of hybrid varieties, gene selection for better productivity and 
adaptability has revolutionized the agricultural production of cereals. Among the cererals, Rice 
(Oryza sativa) has occupied the position as one of the leading food crops, around two-third of 
the world population depend wholly on rice for basic food consumption (Patil, 2014) [25]. To 
meet this demand of the rice crops, most of the research are focused on increasing productivity 
mostly by introducing the hybrid and high yielding varieties of rice, in other hand the rice 
landraces have been consumed since time immortal and have important role in livelihood and 
food security (Bhat & Riar, 2017) [2]. This trend of commercialization has overshadowed the 
nutritive and disease resistant traits of traditional varieties and landraces in the global context 
which has wiped out the traditional varieties posing serious threat for their conservation leading 
to the erosion of germplasm. More so, the high rate of influx of hybrid varieties and other new 
varieties to local farmers who abandon their cherished indigenous varieties without critical 
comparison is unacceptable (Oko et al., 2012) [23]. Indigenous rice varieties are renowned for 
their superior traits in term of disease resistant and wild characteristics. According to Pokhrel et 
al. (2020) [26], some of the indigenous rice varieties are found to be superior in term of physical, 
physiochemical and cooking traits, which are mostly preferred by consumer in their table. Grain 
quality of rice is one of the selection principles prioritized by farmers and consumers; thus 
farmers choose rice with superior traits that are needed for consumption as well as for 
production and sale (Horna et al., 2005) [14]. Rice qualities can be assessed with milling and 
physical characteristics which includes hulling percentage, head rice recovery, bulk density, 
Thousand Kernel Weight (TKW) and other chemical characteristics such as Gel Consistency 
(GC), amylose content, alkali spreading value, aroma, Gelatinization Temperature (GT) and 
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cooking characteristics such as optimum cooking time, Water 

Uptake Ratio (WUR) and Elongation Ratio (ER) (Bhattacharya, 

2013) [3]. To explore the superior commercial cooking qualities 

of landraces and rice as a staple cereal crop, evaluating the 

physiochemical, nutritional and cooking qualities of rice has 

been given highest priority (Anjum & Hossain, 2019) [1]. 

Therefore, there is need to access the quality of the indigenous 

and traditional rice varieties which may be better than newly 

introduced varieties in overall merit. The overall objective of the 

study was to determine the level of diversity based on physical, 

physicochemical and cooking qualities that will provide 

significant information for further rice breeding program. 

Moreover evaluation of such physical, Physico-chemical and 

cooking traits has utmost importance in rice production, 

processing and commercialization. The specific objectives of the 

work is, therefore to evaluate the grain quality characteristics 

such as physical qualities, Physico-chemical qualities and 

cooking Qualities of landraces found in Tanahun, Lamjung and 

Kaski Districts of Nepal.  

 

2. Material and methods 

The study was carried out in the research laboratory of Lamjung 

campus, during the period of January 2019 to March 2020. The 

landraces were collected from the seed bank and farmers’ group 

of Tanahun, Lamjung and Kaski districts. All the collected 

landraces were planted in First week of July with standardized 

agronomic practices and later harvested in the first week of 

October. After harvesting rice samples were cleaned and later 

taken to Food Research Department, NARC for Milling. 

 

2.1 Milling Qualities 

Before milling, the rice grains were adjusted to the moisture of 

14% measured by wet weight basis of Wile-55 portable moisture 

meter. The milling was done with Ostake Rice mill. After 

milling recovery percentage was calculated by using equation 

Milling Recovery = Wt. of milled Rice/Wt. of sample * 100%. 

(Juliano et al., 2002; Meas et al., 2011; Xangsayasane et al., 

2018) [16, 20, 32] 

 

2.2 Physical Analysis 

2.2.1 Grain Dimension, L/W ratio, TKW, Bulk Density  

Grain dimension comprises of average length, width, and 

thickness of milled rice which was measured in triplicates by 

using digital Vernier’s caliber with precision of 0.01mm. The 

value of Length to Width (L/W) was recorded by dividing length 

by width (Thomas & Bhat, 2013) [29]. Based on the length to 

width ratio (L/W), the shape of the milled rice was determined 

(IRRI, 2004), rice cultivars can be classified as; Slender (>3.0), 

Medium (2.1-3.0), Bold (1.1-2.0) and Round (<1.1) grain types 

(Bhattacharya, 2013) [3]. 

TKW was calculated by counting of 1000 kernels of landraces 

and later weighing them with digital balance with lowest 

measuring scales of 0.01 gm accuracy (P et al., 2021; Sidhu et 

al., 2002) [24, 27]. The bulk density (g/cm3) of milled rice was 

calculated according to the equation given by (Young, 1987) [33] 

where rice samples were poured in the vessel of 100 ml and the 

grain from the vessels were weighted using a digital balance. 

Bulk Density = weight of kernels/volume displaced  

 

2.3 Chemical Analysis 

2.3.1 Gelatinization Temperature (GT) 
Alkali digestion was determined using methodology described 

by (Bocevska et al., 2009) [7]. Disintegration by the alkali was 

determined by placing 7 rice grains in triplicates, in a Petri plate 

containing 20 ml of freshly prepared 1.7% (w/v) KOH solution; 

(1.7g in 100ml of distilled water) and Seeds were arranged with 

the provision of space between the grains for spreading. The 

Petri plates were then covered and placed in a 30 0C incubator 

for 23 hours. The degree of disintegration of each of the grains 

was rated visually according to standard evaluation system for 

rice by (IRRI, 1979) [15]. 

 
Table 1: Standard evaluation system for rice by IRRI 

 

Score Spreading Pattern Alkali Digestion Gelatinization Temperature 

1 Kernel not affected 

Low High (>74 0C) 2 Swollen Kernel 

3 Swollen Kernel, Incomplete Collar and narrow 

4 Swollen Kernel, Complete Collar and wide 
Intermediate Intermediate (70-74 0C) 

5 Split or segregated Kernel, collar complete and wide 

6 Dispersed Kernel, merging with collar 
High Low (<70 0C) 

7 Completely Dispersed Kernel and intermingled 

Source: (Chemutai et al., 2016) [10], Physio-chemical Characteristics of Selected Rice (Oryza sativa L.) Genotypes based on Gel Consistency and 

Alkali Digestion, Biochemistry and Analytical Chemistry 2015 Vol.5. 

 

2.3.2 Gel Consistency (GC) 

The gel consistency was determined by the methods given by 

(Cagampang et al., 1973; Maniñgat & Juliano, 1978; Waters et 

al., 2006; Yu & Shin, 2015) [8, 19, 31, 34]. 100 mg (0.1g) of fine rice 

powder was weighted in triplicates and placed in the test tubes 

and wetted with 0.2ml 95% ethanol containing 0.025% thymol 

blue. The test tube was shaken and immediately 2ml of 0.2N 

KOH was added. The mixture obtained was dispersed using 

vortex mixture and placed in boiling water bath for 8 minutes. 

After removing from the water bath test tube were set at room 

temperature for 5 min, and then cooled in ice bath for 15 min. 

The test tubes were then horizontally laid on the table surface 

over a graph paper and after 1 hour the length of gel was 

measured from the bottom of the test tube to the gel front. This 

was done in replication and average gel length was computed. 

Furthermore standard was used for the categorization of Gel 

Consistency based on gel length. 

 
Table 2: Standard Gel Consistency type given by IRRI 

 

Scale Gel Length Gel Consistency Type 

1 81-100 mm Soft 

2 61-80 mm Soft 

3 41-60 mm Intermediate 

4 36-40 mm Hard 

5 <36 mm Hard 

Source: (Chemutai et al., 2016) [10], Physio-chemical Characteristics of 

Selected Rice (Oryza sativa L.) Genotypes based on Gel Consistency 

and Alkali Digestion, Biochemistry and Analytical Chemistry 2015 

Vol.5.  
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2.3.3 Aroma 
Aroma test was done as per the procedure described by (Bhonsle 
& Sellappan, 2010) [6]. 200 mg (0.2g) of whole milled rice 
kernel was weighted and placed in culture tube. 0.5ml of 0.1N 
KOH was pipetted into culture tube and closed with the lid. 
After 15 min, the lid was open and smelled. Three person were 
used as judge and mean score was taken. In case of any doubt 
the lid was again closed and smelled after 15 min.  
 
2.4 Cooking Traits Analysis 
2.4.1 Optimum Cooking Time (OCT) 
Optimum cooking time was determined by (Ohtsubo & 
Nakamura, 2017) [22], where milled Rice samples of 2g were 
placed in 100 ml beaker and cooking in boiling hot water bath at 
95oC in 20 ml of water. The optimum cooking time was 
determined by pressing the cooked rice samples between two 
glass slides at regular intervals of 10 minutes till no white starch 
core was left (Dahdouh et al., 2021; Mané et al., 2021; 
Véronique Vidal et al., 2006) [11, 18, 30]. 
 
2.4.2 Water Uptake Ratio (WUR) 
Rice samples of 2g in 20 ml of water were cooked in the boiling 
water at 95oC for optimum cooking time. The water left was 
drained and the water from the cooked rice was soaked in the 
filter paper. The cooked samples of rice were weighted 
accurately to calculate WUR. (Bhattacharya K.R., 1987) [5]. 
Water Uptake ratio = weight of the kernel after cooking/weight 
of the kernel after cooking  
 
2.4.3 Elongation Ratio (ER) 
The rice samples were cooked till the optimum cooking time. 
Randomly selected cooked rice varieties were measured for 
length and divided by the length of uncooked rice  
Elongation Ratio: Average Length of Cooked Rice/Average 
Length of Uncooked Rice 
  
2.5 Statistical Analysis 
The experiment was conducted in the laboratory condition with

three replications. The data was subjected to descriptive 
statistics and expressed as mean ± SEM. One-Way Analysis of 
Variance (ANOVA) followed by Duncan’s Post hoc test was 
done for pair-wise separation and comparison of mean. 
Statistical significance was set at 95% confidence interval. SPSS 
V26.0 package was used for statistical analysis and graph were 
made using MS Excel 2007. 

 

3. Result  

3.1. Physical Properties  

3.1.1 Bulk Density 

The bulk density of rice landraces ranged from 0.90 g/cm3 to 

0.73 g/cm3. Significant differences among the landraces were 

found at (P< 0.05) with the CV of 5.42%. Highest bulk density 

was recorded in Ekle (0.90±0.00g/cm3) which is followed by 

Manamuri (0.89±0.00g/cm3) and Biranful Prabat 

(0.87±0.00g/cm3). Whereas lowest bulk density were recorded in 

Bayerni (0.73±0.00g/cm3) followed by Mansara 

(0.76±0.01g/cm3). 

 

3.1.2. Milling Recovery 

The highest Milling recovery percentage was observed in Kalo 

Gede (84.42%) followed by Bayerni (84.15%) and Rate 

(83.78%) and the least milling recovery percentage was 

observed in Dude Anadi (75.24%) followed by Sawa Mansuli 

(76.54%). All the landraces were found to be significantly 

difference with the CV of 5.44%. 

 

3.1.3. Thousand Kernel Weight 

The weight of 1000 whole kernel of the rice landraces ranged 

from 13.21g to 26.93g. Landraces were highly significant at (P 

value < 0.05) with the CV of 14.86%. Maximum 1000 kernel 

weight was observed in Ekle (26.25±0.41g) followed by Sano 

Madesi (21.49 ±0.59g) and Lahare Gurdi (21.46±0.38g) whereas 

minimum 1000 kernel weight was observed in Staniya Biranful 

(14.01±0.46g) followed by Basmati (14.60±0.26g) and Ramani 

(14.99±0.46g). 

 

 
 

Fig 1: Thousand Kernel Weight of Rice Landraces 

 

3.1.4 Length 

Both length and breadth of the grains were highly significant 

among the landraces (p value <0.05). The maximum length was 

observed in Samundra Feez (6.98±0.05mm) followed by Ramani 

(6±0.10mm) and Dhabe Jarneli (5.94±0.03mm). Likewise 

Shortest length was measured in Ekle (4.72±0.02mm) followed 

by Sawa Mansuli (4.74±0.06mm) and Tilki (4.77±0.03mm).  

 

3.1.5 Length to Breadth Ratio 

The shape of the rice grain is determined on the basis of length 

to breadth ratio of a grain. Significant difference of (P< 0.05) 

was observed in the length to breath ratio of the landraces. All 
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the landraces were grouped into two types as medium and bold 

shapes based on the length –breadth ratio of the grains, among 

which 9 landraces were of medium type and 11 landraces were 

of bold type grains. The length to breadth ratio was highest in 

Kathe Gurdi (2.91±0.00) followed by Lahare Gurdi (2.61±0.00) 

Ekle (2.57±0.00).Likewise lowest L/W ratio was calculated in 

Mansara (1.51±0.01) followed by Bayerni(1.54±0.06) and 

Dhabe Jarneli (1.58±0.01).  

 

3.2. Physico-chemical Properties 

3.2.1 Gelatinization Temperature 

Among the landraces 40% of the landraces were found to have 

intermediate gelatinization temperature i.e. of 70-74 0C and 60% 

of the landraces were found to have high gelatinization 

temperature i.e. > 74 0C. However no any landraces were found 

to have low gelatinization temperature < 70 0C. The intermediate 

gelatinization temperature was found in Sawa Mansuni, Biranful 

Prabat, Mansara, Samundra Feez, Dude Andai etc. Likewise 

high gelatinitization temperature was recorded in Ekle, Tiliki, 

Kathe Gurdhi, Lahare Gurdi etc. 

 

 
 

Fig 2: Gelatinization Temperature of Landraces 

 

3.2.2 Aroma 

 Of the total landraces 15% of the landraces had strong aroma, 

35% of the landraces had mild aroma and rest 50% of the 

landraces were recorded having no any aroma. The strong 

scented landraces were Basmati, Staniya Biranful and Tilki. 

Likewise varieties like Basmati and Tilki can be used for 

breeding so that their traits for strong aroma can be incorporated

which is more preferred to consumers. 

 

3.2.3 Gel Consistency 

Gel Consistency measures the tendency of cooked rice starch to 

harden after cooking; varieties with soft gel consistency have 

higher degree of tenderness when cooked (Prakash, 2019). Tude, 

Rate and Dude Anadi were studied to have longest gel length of 

(86.67±2.33mm), (82.15±1.15mm) and (77.33±2.90mm) 

respectively. Kalo Gede and Kathe Gurdhi were reported to have 

low length of gel with the gel length of (21.33±0.02mm) and 

(31±3.78mm) respectively. Among the 20 studied landraces, 5 

are found to have hard, 7 have intermediate gel consistency and 

8 have soft gel consistency. So, The varieties like Tude, Rate 

and Dude Anadi remains soft even after cooking, which is most 

desirable trait preferred by the consumer.  

 

3.3. Cooking Qualities 

3.3.1 Optimum Cooking Time 

The average cooking time of the landraces were found to be 

significantly different (P< 0.05). Cooking time was found to be 

maximum for Sano Madeshi (35.77±1.06min), which is 

followed by Ekle (34.19±0.94min) and Tilki (33.98±0.65min). 

Least cooking time was recorded in Dhabe Jarneli 

(22.40±0.71min) followed by Biranful Prabat (22.95±0.94min). 

Fig 3.4 
 

3.3.2 Water Uptake Ratio 

Significant differences were obtained among the landraces for 

Water Uptake Ratio (P< 0.05). The water uptake ratio ranged 

from (6.1 to 1.4). The highest water uptake ratio was recorded in 

Tude (6.11±0.15) followed by Dhabe Jarneli (5.21±0.45), Kathe 

Gurdi (4.56±0.02) whereas lowest water uptake ratio was 

observed in Mansara (1.14±0.02) followed by Ekle (1.23±0.02) 

and Bayerni (1.49±0.04).  
 

3.3.3. Elongation Ratio 

Elongation Ratio of studied landraces were found to be 

significant at (P< 0.05). Tude showed the highest elongation 

ratio of (1.55±0.02) followed by Tilki (1.53±0.00), Ekle 

(1.42±0.00) and lowest elongation ratio was recorded in Sawa 

mansuli (1.07±0.02) followed by Kathe Gurdi (1.08±0.01) and 

Bayerni (1.08±0.01). 

  

 
 

Fig 3: Elongation Ratio of Rice Landraces 
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4. Discussions 

The rice quality is evaluated through the analysis of physical, 

Physico-chemical and cooking traits. The variation found in the 

traits is solely due to genetic and environmental causes. 

The milling trait of the rice is important for the commercial 

industry as it influences the marketability of the rice varieties. In 

case of Asian countries milling by-products are used for feeding 

cattle, so farmers prefers rice with greater milling recovery. 

Likewise rice processing industry can be benefited if the 

knowledge on milling characteristics is traced out. Landraces 

which have higher milling recovery trait is mostly preferred by 

the rice processing industries. In our study we found that 

Kalogede and Bayerni have the highest milling percentage 

which suggests that they have also higher head recovery 

percentage. Besides the varietal difference, type of mill used for 

milling also affects the milling recovery percentage 

(Bhattacharya et al., 1978; Bhattacharya K.R., 1987; Kim et al., 

2010; Noda et al., 2003) [4, 5, 17, 21].  

The physical characteristics like grain dimension, bulk density 

and TKW are of vital interest for the rice processing and storage. 

According to the study of Hettiarachchy et al. (1997) [13], Bulk 

Density is inversely proportional to L/W ratio, round grains 

shows higher bulk density than the thin and slender samples. 

Similar finding was obtained in the experiment as Bayerni and 

Mansara having minimum bulk density and Kathe Gurdi having 

maximum bulk density .This knowledge of bulk density is useful 

during storage and further processing. Another important 

physical trait that determines the quality of rice is L/W ratio. 

According to Juliano et al. (2002) [16] and Subedi et al. (2016) 
[28], Bulk Density is inversely proportional to the L/W ratio but 

in the study we didn’t found any relation of bulk density with 

the L/W ratio, which may be due to the lesser degree of milling, 

further study is need to examine the relationship between Bulk 

Density and L/W ratio. 

The chemical characteristics of the grain determine the cooking 

behavior. In the study carried out by Juliano et al., (2002) [16], 

found that Gelatinization temperature as indicators of cooking 

time and shorter cooking time are of great importance as it saves 

the significant fuel amount. Geletanization temperature 

influences the cooking time, samples with high gelatinization 

temperature requires more time to cook compared to the samples 

with low GT. In the experiment it was found that landraces such 

as Biranful Prabat, Dude Anadi, Sawa Mansuli, Tude had 

intermediate gelatinization temperature, these are also found to 

have short cooking time. Shorter cooking time trait of rice 

reduces the amount of fuel consumption (Chatterjee & Maiti, 

1981) [9]. According to the study carried out by Danbaba et al. 

(2012) [12], Rice with soft gel consistency cook more tenderly 

and remain soft even after cooling. Likewise in the study Rate, 

Tude and Dude Anadi were found to have longer gel length, it 

suggests that they remains soft even after cooling for long time.  

Rice being a staple crop the cooking quality has been given 

more importance by the consumer. Rice with good cooking traits 

are more preferable to the consumer thus fetches higher price in 

the market. Among the cooking traits, optimum cooking time is 

mostly selected by the breeder as lower cooking time saves the 

significant amount of fuel. According to the study carried out by 

(Juliano et al., 2002) [16], small and slender grains cooks faster 

than big, round grains. In our experiment most of the slender 

varieties like Mansara, Dhabe Jarneli were found to have short 

cooking time. Bhat & Riar, (2017) [2] in an experiment found 

that local landraces were found to have higher Water Uptake 

Ratio, in our experiment, most of the landraces were found to 

have higher WUR. In a study carried out by Subedi et al. found 

that higher the bulk density higher will be the corresponding 

WUR. In our experiment Tude and Kathe Gurdi were found to 

have higher WUR but Ekle is found to have lower WUR, which 

may be due to lesser degree of milling. Thus, the result from our 

study is in accordance with the similar studies related to the 

grain quality characterization of rice varieties. 

 

5. Conclusion 

The result revealed the significant differences among the 

landraces were found in physical, Physico-chemical and cooking 

traits. The grain quality study on the twenty landraces concluded 

that some of the rice landraces are superior in some traits and 

these landraces can be used in modern breeding programs for the 

improvement in the eating qualities of rice. Most of the studied 

rice landraces are in the verge of obsolete as they are not 

preferred by the farmers for cultivation either due to their low 

productivity or high influx of hybrid varieties, such varieties are 

found to be with good traits in case of gelatinization 

temperature, cooking Time elongation ratio, WUR and softness 

after cooking; breeding program should be focused for the 

conservation of such varieties. Hence, the further study of the 

landraces need to be done using molecular marker so that the 

variability in these traits could be exploited in the rice breeding 

programs to improve the grain quality.  
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