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Abstract—Rice is the staple food of half of the world. Rice
is easily digestible, rich source of starch followed by
proteins and lipids as major components. Rice proteins
are having great nutritional value and show many health
benefits. Rice has significant amount of protein which is
available in mainly four fractions such as Globulins,
Albumins, Glutelins and Prolamins. Rice protein is high
in Sulphur containing aminoacids. Rice protein is the
major factor for determining texture, pasting capacity
and sensory characteristics there by determines the
cooking and eating qualities of rice. The yield of
utilizable protein is higher in rice. The proportion of
protein classes varies among genotypes and even among
brown rice, milled rice and rice bran. The present study
can be used to know the total protein content and amount
of protein classes among Samba Mahsuri and 97 mutants
due to its novelty to screen quality and its wider
applications in food industry.

Index Terms—Albumins, Globulins, glutelins,
prolamins, mutants, pasting, sensory, texture.

I  INTRODUCTION

Rice is the most important cereal crop of the world’s
population. Rice stands as a valuable reservoir of
nutritional ( robust profile by Tian et.al,2024 )
and nutraceutical elements beneficial to human
health (Juliano, 1985).Rice grain is easily digestible. It
is a rich source of starch followed by proteins and
lipids. Additionally, it also contains minerals, vitamins
and simple sugars in small amounts. Rice potein are
potential resources for human nutrition. (Day.L.et.al).
The total protein present in rice is 4.3 to 20.2%
(Chattopadhyay et al., 2012; Karina et al., 2013).
Proteins in rice grain are present in storage organelles
called as protein bodies (PBs) that are located in outer
coatings (bran) of the starchy endosperm and the germ
(Amagliani, et.al). PB are of two types namely type I
(PB-I) and type II (PB-II). PB-I has a lamellar
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structure, is spherical in shape and is rich in prolamins.
Whereas PB-II has a crystalline structure, displays an
irregular shape and contains predominantly glutelin
(Bechtel and Juliano, 1980). Endosperm storage
proteins comprise 60-65 % of PB-II, 20-25 % of PB-I
and 10-15 % albumin and globulin in the cytoplasm
(Ogawa et al. 1987).

The biological value of rice protein was higher than of
most other cereal proteins. The lysine content of rice
protein is higher than other staple cereals (Ju et.al).
Rice protein is rich in glutamine and aspargine like
other cereal proteins. Rice protein is hypoallergic
(Amagliani et.al) (absence of gluten), digestible and
nutritional (Eggum et.al), hence the consumption is
recommended to infants and gluten allergic people
(Gopika Jayaprakash et.al 2022.). Rice protein has
many properties such as buffering capacity, foaming
activity, emulsifying nature and binding capacity (oil
and water), surface hydrophobicity at present
importance of rice protein extraction is increasing due
to its multiple industrial applications (Sachini
Senrathna et.al). The nutritional profile of rice protein
varies by genotype, environmental factors and
fertilizers application (Nitrogen fertilizer can increase
the protein content).

Rice proteins are categorized into albumin (water-
soluble), globulin (salt-soluble), glutelin (alkali/acid-
soluble), and prolamin (alcohol-soluble) according to
their solubility (Osborne 1924). Their availability
varied among the varieties ).Albumin and globulin
exist in the outer layers of the brown rice amounting to
4-22 % and 5-13 % of total protein respectively
(Hoogenkamp, 2017). Glutelin (oryzenin) and
prolamin constitute 80% and 20-25 % of rice
endosperm protein respectively. Apart from solubility
the protein classes differ in many properties such as
aminoacid composition. More number of aminoacids
were observed in albumins followed by glutelins,
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globulins and prolamins while the proportion of
essential aminoacid was highest in albumins followed
by globulins, glutelins and prolamins (G.NIHARIKA
2019). Generally, glutelins are higher in rice protein,
followed by globulins, followed by albumins and
finally prolamins.

Albumins,are water soluble, heat liable, denatures at
75.7°& 73° C and undergoes coagulation. This fraction
accounts for 2-6% in total seed protein and 4-8% of
the endosperm. Globulins—are salt soluble, most
abundant in storage protein (15-36%), rich

in cysteine and methionine. Glutelins are high
molecular weight proteins, present in higher amounts
and soluble in alkali, accounts for about 75-81% in
brown rice and 79-88% in endosperm. Prolamins are
mostly reserve proteins, soluble in alcohol mostly
contain nonessential aminoacids, present in minor
quantity.

In India, so far, three high protein (>10%) rice
varieties- CR Dhan 310 (10.3%), CR Dhan 411 (9.8%)
and CR Dhan 311 (10.1%) protein in milled rice were
released through AICRIP biofortification trial wherein
FT-NIR standardized with kjeldahl method (Kjeldahl
et.al) is being used for estimation. One high protein
rice- BRRI Dhan 84 (9.7%) was released in
Bangladesh. (Sanjeevarao et.al) Mutational breeding
is advantageous over traditional in terms of cost, time
and efficiency. Induced mutations by physical
agents(alpha,beta,gamma,x-rays,neutrons etc) and
chemical agents (ethyl methyl
sulphate,nitrosurea,sodium azide etc) show higher
efficiency than other methods (insertions by T-DNA,
transposons, RNAi ,TALEN-genome editing and
CRISPR/cas genome editing).Among chemical
mutagens Ethyl Methane Sulphonate is frequently
used which can create point mutations 2-10 /mb by
alkylation of specific base leads to single nucleotide
change. Hence EMS was used to create mutations to
produce mutants with novel traits.

Therefore, 97 promising SM mutants were screened
for total protein and its categories in polished rice grain
in comparison with its wild type.

I MATERIALS AND METHODS
Samba Mahsuri ethyl methane sulphonate (EMS)
mutant lines were developed jointly by IRR and (QVB

Based on the morphological and yield parameters, 97
promising mutants were selected for evaluating total
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protein content and protein classes.

This study was conducted in two wet seasons (2022 and
2023) in the experimental fields of ICAR-Indian
Institute of Rice Research, Hyderabad.The promising
lines among samba Mahsuri mutants were cultivated and
multiplied in field following standard package of
practices.

There are several methods for the estimation of protein
by using different methods by Braspaiboon S. et.al
alkaline and enzymatic extraction and studied on
solubility of proteins present in rice. Cagampang, et.al
also studied extraction and composition of rice
proteins. Protein estimated by extraction buffers is
superior to traditional analytical methods.

Estimation of protein done by Lowry et al. (1951) method
and classes estimated by extraction with buffer method For
the total proteins- 50mM Tris-HCI (pH 7.5), 2% SDS,
0.6% 2-mercaptoethanol, 20% glycerol, 4M urea
(Lang et al. 2013), albumins- 500uL of 10mM Tris
HCI solution (pH 7.5) and 1mM EDTA, globulins-
10mM trisHCI (pH 7.5), ImM EDTA & 0.5 mL NaCl,
prolamins- Isopropanol 60% (Santos et al. 2013)and
glutelins- 50mmol TrisHCI (pH 6.8), 4% SDS, 5% 2-
mercaptoethanol, 20% Glycerol, 8M Urea (Kawakatsu
et.al) buffers were used for extraction. The extracted
total protein as well as each category were separately
precipitated with ethanol, centrifuged, pellet was
washed with water, resolubilized in alkali and protein
content was estimated. Total rice protein varies from
4.5 to 15.9% with four different buffers and reported
high yield of total protein content from 50mM Tris-
HCI (pH 7.5), 2% SDS, 0.6% 2-mercaptoethanol, 20%
glycerol, 4M urea buffer (Lang et al. 2013) by adding
500ul of 10 mM Tris HCI solution (pH7.5) and 1 mM
EDTA .extraction buffer method (Santos et.al., 2013)
. Sadaiah et.al compared buffer method with NaOH &
Kjeldahl method and suggested extraction buffer
method followed by estimation is best method for total
protein estimation.

III RESULTS

Rice varieties like Samba Masuri, Swarna, IR 64, Pusa
Basmati 1121, etc. are popular among consumers and
farmers. Among the non-aromatic rice with medium
slender grain type, Samba Mahsuri is highly popular
in Southern and Eastern parts of India. It holds highest
acreage in the states of Andhra Pradesh, Telangana,
Tamilnadu and Karnataka. It shows best cooking

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 5414



© June 2025 | JIRT | Volume 12 Issue 1| ISSN: 2349-6002

quality with good yield. Many breeding programmes
aimed to reach similar cooking quality by using Samba
mahsuri as one of the parents or subjecting it to
mutagenesis to get better yield with same cooking
quality. Considering the above, EMS Samba Mahsuri
mutants were developed and the best mutant lines were
screened for total protein content and protein
categories.

ANOVA analysis indicates that the variation in protein
content and the various categories significantly varied
among the 97 SM mutants and wild type (Table 2).
Among 97 promising mutant lines, the total protein
content ranged from 1.9% to 13.01% Ti-128 has
shown highest total protein content 13.01% followed
by Ti-60 (12.76), Ti-49 (11.4) %), Ti-3 (10.9%) and Ti-
40 (10.57%). Samba Mahsuri has shown 11.3% of total
protein. Among the protein categories, globulins were
at the highest concentration followed by glutelins,
albumins and prolamins. Globulins content ranged
from 1.4% (TI-60) to 10.3% (BB-134) in mutants.
Glutelins ranged from 0.08% (SM-70) to 8% (Ti-56);
Albumin content ranged from 0.37% (TI-41) to 3.12%
(TI-48). Prolamins ranged from 0.0076% (TI-27) to
0.26% (TI-4 & TI-10) (Table.2).

Samba Mahsuri has shown 0.86% of albumins ,3.55%
0f globulins ,0.04% of prolamins and 2.45%
glutelins.69 mutants showed higher albumin content ,
52 mutants noted higher globulin content and 64
mutants has shown higher prolamin content and
finally 25 mutants has shown higher glutelin content
(Table2).They are considered promising regarding
each class.A few mutants has shown higher percentage
in three distinct protein classes viz TI-6,TI1-56,TI-
45,TI-113,T1-40,TI-15 ; A few mutants has shown
higher percentages in two distinct protein classes viz
TI-14,TI1-27,TI-35,T1-60,TI-128,T1-132,TI-9,TI-20.
These mutants found to be more promising among 97
and recorded higher amounts in different protein
classes compared to Samba Mabhsuri. (Table.2).
Mutants with higher albumin content which contains a
greater number of essential aminoacids followed by
globulin content followed by glutelin content and
followed by prolamin content is the promising mutant
line. Albumin is the source of aminoacids to other
tissues of the body and it is influenced by protein
proportion in the diet.

Multiple correlation analysis (Figure) indicates that
albumins showed significant positive (P 0.01)
correlation with globulins, significant negative (P
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0.05) correlation with prolamins. Globulins showed
significant positive correlation (P 0.05) with glutelins
(P 0.05) and significant negative correlation (P 0.05)
with prolamins. The total protein content or Protein
(Ex) showed positive significant correlation (P 0.05)
with prolamins and with Glutelins(P0.001).

IV DISCUSSION

Proteins in rice grain are distributed both in the
aleurone layer and also in the endosperm. Proteins are
only source of aminoacids in particular, essential
aminoacids. Almost all the rice protein is digestible
and less immunogenic. Brown rice contains more
protein than polished rice.

Rice grain protein content is a quality trait controlled
by multiple genetic factors with a complex genetic
basis. There are large differences in the protein content
among the different varieties. Chen et al. determined
the grain protein content and reported its range from
44.06 to 106.71 mg/g in 2014 and 32.64 to 80.08 mg/g
in 2015. Similarly, Yang et al. 2019 used near infrared
spectroscopy (NIR) to measure the protein content for
two-years and showed that the protein content of rice
varied from 5.33% to 14.83%, and the protein content
of most varieties was distributed between 7.5% and
11.5%. Liu et al. 2005 measured the protein content of
in japonica rice varieties collected from different
regions in China and reported the range from 6.45% to
11.1%, with an average of 8.26%. Webb et al.
analyzed the protein content of approximately 4,000
rice varieties from different countries (57) and found
that the protein content ranged from 5.3% to 13.6%.
Rice protein is a typical quantitative trait, phenotypic
differences in protein content among genotypes due to
effects of the environment. Ecological factors, such as
temperature, light, and carbon dioxide concentration,
and environmental factors, such as cultivation, affect
the protein content of rice. The interaction between the
protein content genotype and the environment is large,
and the heritability is relatively small. Some studies
have shown that the heritability of the phenotype of
protein content in rice is only 13.0% and 37.2%
(Hillerislambers D et.al) Some reports reveal the
heritability can reach 58.8% (Tsuzuki E et.al). The
protein content of the rice grain is sensitive to
temperature changes during the grain-filling stage.
High temperatures during the filling stage usually led
to an increase in grain protein content, decrease in
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amylose content and taste value, and a decrease in
grain quality (Sanadya.A et.al. 2023).

The high temperature during the mature stage leads to
abnormal rice quality, shape, and color, due to a
decrease in enzyme activity, respiratory consumption
of assimilation products, at grain filling stage
(Tsukaguchi T, lida Y.2008 and Jin Z et.al). Light, is
another key factor that affects protein synthesis. It
affects the increase in essential aminoacids such as
lysine and threonine, in rice harvested after low-light
treatment at the filling stage; however, cooking quality
decreased (Liang CG et.al, 2015). Some studies have
shown that the atmospheric concentration of CO2 has
an important effect on rice quality. Goufo et al. 2014
demonstrated that elevated carbon dioxide levels result
in reduced protein content in plants (inhibition of
nitrate assimilation).

Moisture and fertilizer are the two most important
factors in cultivation management. Soil moisture
status has a significant impact on yield and grain
quality (Dingkuhn M, Le Gal PY. 1996). Rice is
generally grown under submerged conditions. The
protein content is the most affected by water
management (Cheng W et.al) Nitrogen is crucial for
plant growth and development. As nitrogen is still the
main component of proteins, applying nitrogen
fertilizer can also significantly affect the quality of
grains (Upadhyay R et.al). The application of nitrogen
fertilizer at different stages of panicle differentiation,
heading, flowering, and grain filling could
significantly increase the content of grain storage
protein (Chen Y etal.). In addition to nitrogen,
potassium is another fertilizer necessary for rice
production. Some studies have shown that the
application of potassium fertilizer increased gel
consistency and grain protein content but had no
significant effect on gelatinization temperature and
amylose content (Bahmaniar MA,Ranjbar GA,2007).
Salinity is another important factor that significantly
influences crop quality. Siscar-Lee et al. found that
salt-tolerant and salt-sensitive rice varieties grown in
saline-alkali soil had higher storage protein content
than those grown in normal soil. While testing the
varieties in experimental fields, a specific amount of
nitrogen fertilizer used is in a different concentration
compared to generally used by farmer’s fields
(generally the applied nitrogen will be higher). Hence,
the mega varieties will generally note protein content
of around 6% in experimental fields and this value is
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lesser than the high protein varieties identified and
released through different experimental trials. Due to
continuous raise in the price of fertilizer, the cost of
cultivation has been increasing. Hence, the rice
varieties having higher nitrogen assimilation
efficiency along with higher percolation into grain are
required.

V  CONCLUSION

e In recent studies mutant lines promising for
protein content and protein classes were
identified.

e Ti-128 (13.01%), Ti-60 (12.76), Ti-49 (11.4) %),
Ti-3 (10.9%) and Ti-40 (10.57%) were found
promising for total protein content.

e None of the mutant has shown higher amounts in
all protein classes. Ti-8, SM-70, SM-71 shown
highest albumin content; BB-134, Ti-53, Ti-49,
Ti-26, Ti-27 highest Globulin content; Ti-10, Ti-
4, Ti-5 for Prolamins and Ti-56, Ti-55, Ti-22, Ti-
113 shown high Glutelin content.

e TI-6, TI-56, TI-45, TI-113, TI-40, TI-15, TI-60,
SM-70, TI-49 and TI-128 etc. mutant lines has
shown desirable total protein content and protein
classes.

e This material can be considered as nutritionally
good among the Samba Mahsuri mutants.

e  Further study is required to know the relationship
between rice protein, cooking, and eating quality
is required to provide a scientific basis for
breeders to select and cultivate varieties with
superior tastes with high nutritive values as well
as good cooking and eating qualities

REFERENCES

[1] .Amagliani L., O’Regan J, Kelly A.L,
O’Mahony J.A. Composition and protein profile
analysis of rice protein ingredients. J. Food
Compos.  Anal.  2017; 59:18-26. doi:
10.1016/j.jfca.2016.12.026.

[2] Bahmaniar MA, Ranjbar GA. 2007. Response of
Rice (Oryza sativa L.) Cooking Quality Properties
to

a. Nitrogen and Potassium Appli cation. Pakistan
Journal of Biological Sciences 10:1880—84

[3] Bechtel, D.B and Juliano, B.O. 1980. Formation of
protein bodies in the starchy endosperm o

a. rice (Oryzasativa L.): A re-investigation. Annuals
of Botany. 45: 503- 509.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 5416



© June 2025 | JIRT | Volume 12 Issue 1| ISSN: 2349-6002

[4] Braspaiboon S., Osiriphun S., Peepathum P.,
Jirarattanarangsri  W. Comparison of the
effectiveness of alkaline and enzymatic extraction
and the solubility of proteins extracted from
carbohydrate-digested rice. Heliyon. 2020;6:
€05403. doi: 10.1016/j.heliyon. 2020.e05403.

[5] Cagampang, G.B., Cruz, L.J., Espiritu, S.G.,
Santiago, R. G and Juliano, B.O. 1966.Studies on
the

a. extraction and composition of rice proteins.
Cereal Chemistry. 43: 145.

[6] Chattopadhyay, K., Das, A and Das, S.P. 2012.
Grain content and genetic diversity of rice in north
eastern India. Oryza. An International Journal on
Rice. 48 (1):73-75.

[7] Chen Y, Wang M, Ouwerkerk PBF. 2012.
Molecular and environ mental factors determining
grain quality in rice. Food and Energy Security
1:111-32

[8] Cheng W, Zhang G, Zhao G, Yao H, Xu H. 2003.
Variation in rice quality of different cultivars and

a. grain positions as affected by water management.
Field Crops Research 80:245-52

[9] Day, L. 2013. Proteins from land plants —
potential resources for human nutrition and Food
security.Trends in Food Science Technology. 32:
25-42.

[10] Dingkuhn M, Le Gal PY. 1996. Effect of drainage
date on yield and dry matter partitioning in
irrigated

a. rice. Field Crops Research 46: 117-26.

[11] Eggum, B.O., Juliano, B.O., Perez, C.M and

Acedo, E.JF. 1993. The resistant starch,

undigestibleenergy  and  undigestible  protein

contents of raw and cookedmilled rice. Journal of

Cereal Science. 18(2): 159-170.

12 Gopika  Jayaprakash, Aarti  Bains, Prince
Chawla , Melinda Fogarasi , Szabolcs Fogarasi

[13]A Narrative Review on Rice Proteins: Current
Scenario and Food Industrial
Application.Polymers  (Basel). 2022  Jul
25;14(15):3003. doi: 10.3390/polym14153003

[14] Goufo P, Falco V, Brites C, Wessel DF, Kratz S,
et al. 2014. Effect of Elevated Carbon Dioxide

a. Concentration on Rice Quality: Nutritive Value,
Color, Milling, Cooking, and Eating Qualities.

b. Cereal Chem istry 91:513-21

[15].G.NIHARIKA VVSS (2019) Grain protein
fractions of indian rice
varieties.https://doi.org/10.3/jquery-ui.js

[16] .Hillerislambers D, Rutger JN, Qualset CO, Wiser
W1I. 1973. Genetic and environmental variation in

IJIRT 181617

a. protein content of rice (Oryza sativa L.).
Euphytica 22:264-73

[17]Hoogenkamp, H., Kumagai, H and Wanasundara,
J.P.D. 2017. Rice Protein and Rice Protein

a. Products. Sustainable Protein Sources, Chapter 3:
47-65

[18]Juliano, B.O. 1985. Factors affecting nutritional
properties of rice protein. Trans. Natl.Acad. Sci.

a. Technol. (Philipp.). 7: 205-216.

[19]. Ju, Z.Y ., Hettiarachchy, N.S and Rath, N. 2001.
Extraction, denaturation and hydrophobic

a. properties of rice flour proteins. Journal of food
science. 66: 229-232.

[20]Kjeldahl, Bestimmung J., Neue Methode zur des
Stickstoffs in Copyright © May-June,

a. 2018; organischen Korpern. Anal Bioanal

Chem 22: 366-382 (1883).Kawakatsu, T., Wang, S.,

Wakasa, Y and Takaiwa, F. 2010. Increased lysine

content in ricegrains by ver accumulation of BiP in the

endosperm.  Bioscience,  Biotechnology = and

Biochemistry.74 (12):2529 - 2531.

[21]Lang, G., Kagita, Y., Mayumi, O and Kitta, K.
2013. Evaluation of extraction solutions for

a. Dbiochemical analyses of the proteins in rice
grains. Bioscience, Biotechnology and

Biochemistry. 77(1): 126-131.

[22]Liang CG, Liu J, Wang Y, Xiong D, Ding CB, et
al. 2015. Low light during grain filling stage

a. Deteriorates rice cooking quality, but not

nutritional value. Rice Science 22:197-206
[23]Lowry, O.H., Rsenbrough, N.J., Farr, A.L and

Randall, R.J. 1951. Protein measurement with the
Folin Phenol Reagent. Journal of Biological
Chemistry. 193: 265-275.

[24]Liu N, Lin P., Zhang K., Yao X., Li D, Yang L.,
Zhao M. Combined effects of limited enzymatic
hydrolysis and high hydrostatic pressure on the
structural and emulsifying properties of
riceproteins. Innov. Food Sci. Emerg. Technol.
2022; 77:102975. doi:
10.1016/j.ifset.2022.102975.

[25]. Ogawa, M., Kumamaru, T., Satoh, H., Iwata, N.,
Omura, T., Kasai, Z and Tanaka, K.
1987 Purification of protein body-I of rice seed
and its polypeptide composition. Plant andCell
Physiology. 28(8): 1517-1527.

[26] Osborne, T.B. 1924. The Vegetable Proteins, 2nd
edn. Longmans, Green and Co., London, pp154.

[27]Santos, K.F., Silveira, R.D., Garcia, D and
Brondani, C. 2013. Storage protein profile and

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 5417


https://pubmed.ncbi.nlm.nih.gov/?term=%22Jayaprakash%20G%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Bains%20A%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Chawla%20P%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Chawla%20P%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Fogarasi%20M%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Fogarasi%20S%22%5BAuthor%5D
https://doi.org/10.3390/polym14153003
https://doi.org/10.3/jquery-ui.js

© June 2025 | JIRT | Volume 12 Issue 1| ISSN: 2349-6002

amino acid content in wild rice Oryza
glumaepatula. Pesquisa Agropecudria Brasileira.
48 (1): 66-72.

[28] Sanjeeva Rao, D., Kota, S., Varaprasad, G.S.,
Azam, M and Babu, V. 2014. Optimization of

a. cooking temperature and time in rice. Progressive
Research. 9: 194-196.

[29] Sachini Senarathna, Roshema Mel, Maneka Mala
lgoda. Utilization of cereal-based protein
ingredients in food applications.

[30] Sadaiah K. Veronica N., Nagendra. V, Niharika
G., Neeraja C. N, Surekha K., Subrahmanyam

a. D., Ravindra Babu V.and Sanjeeva Rao D 2018.
Methods of Protein Estimation and the

b. Influence of Heat Stress on Rice Grain Protein
ISSN: 2320 — 7051 Int. J. Pure App.Biosci. 6 (3):
159-168.

[31]Sanadya A, Yadu A, Raj J, Chandrakar H, Singh
R. 2023. Effect of temperature on growth, quality,

a. yield attributing characters and yield of rice — A
review. International Journal of Environment and

b. Climate Change 13:804—14

[32]Siscar-Lee JJH, Juliano BO, Qureshi RH, Akbar
M. 1990. Effect of saline soil on grain quality of
rices

a. differing in salinity tolerance. Plant Foods for
Human Nutrition 40:31-36

[33] Tsukaguchi T, Iida Y. 2008. Effects of assimilate
supply and high temperature during grain-filling

a. period on the occurrence of vari ous types of
chalky kernels in rice plants (Oryza sativa L.).
Plant

b. Production Science 11:203—10

[34] Tsuzuki E, Furusho M. 1986. Studies on the
Characteristics of Scented Rice: X. A trial of rice

a. breeding for high protein variety (2). Japanese
Journal of Crop Science 55:7—14

[35]Upadhyay R, Banjara M, Thombare D, Yankanchi
S, Chandel G. 2021. Deciphering the effect of
different nitrogen doses on grain protein content,
quality attributes and yield related traits of
rice.Oryza-An International Journal on Rice
58:530-9

[36] Webb BD, Bollich CN, Adair CR, Johnston TH.
1968. Characteristics of rice varieties in the U.S.

a. department of agriculture collection. Crop
Science 8:361-65

[37]Yang Y, Guo M, Sun S, Zou Y, Yin S, et al. 2019.
Natural variation of OsGluA2 is involved in grain

a. protein content regulation in rice. Nature
Communications 10:1949

[38] Yujie Tian, Laijun Sun, Hongyi Bai, Xiaoli Lu,
Zhongyu Fu,Guijun Lv, Lingyu Zhang,Shujia Li
2024;

a. Quantitative detection of crude protein in brown
rice by Near-Infrared Spectroscopy based on

b. hybrid feature selection, chemometrics and
intelligent laboratory systems, vol.247,105093,
ISSN  0169-7439.

Parameter Df Sum Sq Mean Sq F value Pr(>F)
Genotype 97 923.5 9.521 4.304 2.42E-12%%%*
Protein Residuals 98 216.8 2.212
Genotype 97 128.8 1.3281 54.21 <2E-16***
Protein (Ex)
Residuals 98 2.4 0.0245
Genotype 97 72.13 0.7436 40.5 <2E-16***
Albumins
Residuals 98 1.8 0.0184
Genotype 97 475 4.897 76.62 <2E-16***
Globulins
Residuals 98 6.3 0.064
Genotype 97 0.5998 0.006184 36.26 <2E-16%***
Prolamins
Residuals 98 0.0167 0.000171
Genotype 97 254.39 2.6226 203 <2E-16%***
Glutelins
Residuals 98 1.27 0.0129

Table.1 : Two-way ANOVA of'total protein & total protein(e) and Protein classes in Samba Mahsuri EMS mutants Significant at
P 0.001 (***), P0.01 (**)and P 0.05 (*)
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Mutants Protein & Classes
S No. . Protein . . . Glutelin%
Mutant Protein% (Ex)% Albumin% | Globulin% | Prolamin%
1 3R 7.87+1.19 | 0.86+0.05 1.46£0.07 | 3.0540.17 | 0.03£0.01 | 0.87+0.01
2 BB111 5.9440.04 | 1.59+0.08 | 2.18+0.12 | 6.28+0.02 | 0.07+0.00 | 1.8140.18
3 BBIl4 | 4841093 | 3.09+0.11 1.0940.01 | 3.54+0.02 | 0.04£0.01 | 1.50+0.08
4 BB116 5.9840.07 | 2.25+0.07 | 2.13+024 | 5.48+0.15 | 0.020.01 | 2.25+0.02
3 BB129 8.05+1.63 | 3.15£0.02 1.6740.30 | 3.86+0.07 | 0.02+0.01 | 3.320.13
6 BB130 5.3940.50 | 3.28+0.16 1.540.18 | 4.9540.37 | 0.02£0.00 | 3.32+0.08
7 BB131 5274122 | 2454020 | 2.524025 | 4.64+0.29 | 0.03£0.01 | 2.85+0.12
8 BBI34 | 5761088 | 3.09+0.02 1.74+0.18 | 10.3040.23 | 0.02+0.00 | 1.730.03
9 BB32Pl | 6514057 | 2.50+0.07 1.9240.09 | 1.46£0.09 | 0.05£0.01 | 1.52+0.05
10 BB32P2 | 5441074 | 136+0.10 | 1.81+0.10 | 3.64+0.01 | 0.05£0.00 | 0.840.01
11 BB36P1 | 4012033 | 2194007 | 0.80£0.01 | 4.48£0.28 | 0.030.01 | 1.16+0.14
12 BB36P2 | 39151038 | 243£0.12 | 0.57£0.04 | 5.17£0.02 | 0.16£0.04 | 1.63+0.00
13 BB36P3 | 10.1244.07 | 1.9240.09 | 2.3240.05 | 3.6120.47 | 0.03£0.01 | 1.52+0.04
14 BB36P4 | 5 404023 | 1.55+0.18 1.7740.13 | 5.7240.96 | 0.03£0.00 | 1.68+0.01
15 BB38 4.8340.02 |  0.95:0.01 1.14+0.05 | 4.48+0.09 | 0.01£0.00 | 2.07+0.03
16 BB42 776173 | 1793030 | 0.94+0.01 | 3.15+0.20 | 0.0240.01 | 1.7240.07
17 BB49 4.89+0.53 | 1.77+0.09 1.7740.09 | 6.1840.33 | 0.02£0.00 | 1.47+0.12
18 BB61 5.9540.16 | 1.4540.10 | 1.26+0.01 | 3.64+0.05 | 0.03£0.01 | 1.95+0.11
19 BB72 5.80+0.95 |  1.84+0.08 1.1650.01 | 4.3740.15 | 0.09+0.01 | 1.43+0.07
20 BB93 5734035 | 2.630.08 1.43£0.04 | 4.4340.04 | 0.05:0.00 | 1.180.15
21 BPT 11.3041.03 | 0.4340.02 | 0.86+0.05 | 3.55£0.09 | 0.04+0.00 | 2.45+0.05
22 SB166 5.7441.00 | 1.66£0.04 | 0.62+0.15 | 2.5240.09 | 0.05£0.02 | 1.75+0.21
23 SB17 8424371 | 2.03£0.03 | 0.62+0.13 | 4.02£0.15 | 0.06+0.01 | 1.2440.01
24 SB170 4.03£0.31 | 1.1240.07 | 0.75£0.12 | 2.28+0.04 | 0.14+0.04 | 0.75+0.04
25 SBI8 4834020 | 1254082 | 0.80+0.14 | 2.3240.01 | 0.03+0.00 | 1.85+0.04
26 SB20 4004173 | 1.0940.09 | 0.71+0.19 | 2.4240.03 | 0.06+0.01 | 1.26+0.04
27 SB22 6.64+2.04 | 0.93+0.02 1.0440.09 | 3.93+0.23 | 0.04£0.00 | 2.75+0.05
28 SB23 5124067 | 1.47+0.09 | 0.56+0.02 | 2.52+0.12 | 0.07+0.02 | 0.95+0.01
29 SB52 6.44+1.64 | 1.77+0.04 1764041 | 4.56£0.01 | 0.04£0.00 | 0.98+0.11
30 SB6 5.42+1.53 | 2.73+0.13 1.2140.00 | 2.09+0.02 | 0.07£0.02 | 1.22+0.00
31 SB62 3.20£0.13 | 2.75:0.09 | 0.89+0.05 | 3.02+0.11 | 0.1120.02 | 1.44+0.03
32 SB8 8.78£1.99 |  0.940.03 0.95:0.24 | 4.26+0.15 | 0.08+0.03 | 1.12+0.07
33 SB87 7.67+4.67 | 1.58+0.03 0.7520.01 | 3.27+0.08 | 0.06£0.01 | 1.10£0.05
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34 SM48 434x0.60 | 0.81£0.05 | 1.26:0.01 | 3.60£0.13 | 0.04x0.00 | 3.27:0.01
35 SM70 2.08+0.77 | 1.05:0.14 | 2.64+0.09 | 6.92+£0.92 | 0.05:0.01 | 0.08+0.01
36 SM71 3455035 | 153005 | 2.56+0.20 | 2.60£0.00 | 0.10:0.02 | 1.08+0.18
37 SM92 276:030 | 1.64+0.01 1.16£0.10 | 3.4040.15 | 0.06£0.01 | 1.29+0.02
38 Tilo 7.63£0.58 | 2.72+0.03 0.63£0.05 | 3.1740.22 | 0.26+0.01 | 1.35+0.12
39 Till 5.90£1.07 |  1.99+0.15 0.90£0.02 | 4.2540.28 | 0.06+0.01 | 1.98+0.13
40 Till2 9262040 | 1.40+0.04 | 129+0.15 | 4.91£0.02 | 0.07+0.01 | 2.56+0.12
4l Titls 6.16£0.55 | 1.230.01 1.28+021 | 3.65£0.04 | 0.08£0.00 | 3.41+0.01
42 Till4 3.80£1.16 |  2.38+0.01 1.5120.13 | 3.1240.07 | 0.05£0.01 | 2.19+0.01
43 Til2 6.03£1.85 | 1.67+0.25 | 0.74%0.02 | 2.09+0.07 | 0.05:0.00 | 1.43+0.09
44 Til25 5514025 |  2.30+0.03 | 0.99+0.08 | 6.14+£0.57 | 0.14£0.01 | 3.3120.04
45 Til28 13.01+3.05 | 2.07+0.01 1.2340.12 | 2.83£0.24 | 0.10£0.01 | 1.83+0.04
46 Til3 6.95£0.62 | 225:020 | 0.65+0.02 | 3.18+0.04 | 0.02+0.00 | 1.82+0.14
47 Til32 9.40+1.53 | 1.96+0.01 0.47£0.01 | 4.51%0.26 | 0.20+0.01 | 1.23+0.07
48 Til39 3.73+1.83 | 1.94+0.09 | 1.02+0.13 | 2.92+0.20 | 0.0320.01 | 3.35£0.26
49 Til4 7.41£1.85 | 1.80+0.11 | 0.96:0.02 | 3.00£0.00 | 0.02+0.01 | 2.78+0.01
50 Til5 7.55£1.92 | 1.07+0.02 | 0.92+0.01 | 4.92+0.07 | 0.10+0.00 | 1.52+0.18
51 Til6 4.27+1.68 | 1712035 0.73£0.09 | 3.64+0.05 | 0.14+0.00 | 1.44+0.05
52 Til66 7.40:0.51 | 1.06+0.12 | 29130.03 | 6.60:0.41 | 0.07+0.01 | 4.25:0.24
53 Til67 9.1544.12 | 0.9120.01 | 0.70+0.00 | 6.62+0.35 | 0.10£0.01 | 2.22+0.03
54 Til7 3.5840.33 |  1.59+0.08 0.58+0.10 | 3.7240.09 | 0.08+0.01 | 3.78+0.03
55 Ti170 833+1.08 | 1.2440.07 | 1.04+0.09 | 3.31£0.07 | 0.19+0.01 | 2.15£0.09
56 Til8 8594225 | 2.86+036 | 0.52+0.03 | 3.78£0.02 | 0.06£0.03 | 1.92+0.08
57 Til9 7214402 | 1.330.05 1.56£0.05 | 3.550.01 | 0.04£0.01 | 1.61+0.21
58 Ti20 6.26+0.80 | 1.51+0.68 0.6740.00 | 3.64+0.01 | 0.10£0.00 | 2.52+0.01
59 Tizl 7.0040.42 | 0.3940.02 | 2.90+0.02 | 3.41£0.01 | 0.12+0.02 | 0.720.03
60 Ti22 6.56£0.30 | 2.28+0.11 1.30£0.04 | 2.55+0.16 | 0.14£0.00 | 4.07+0.01
61 Ti23 3.0240.83 | 1.04+0.07 1.26£0.04 | 2.02+0.33 | 0.03£0.00 | 0.31+0.04
62 Ti25 6.9241.83 | 2.66+0.12 0.5740.13 | 4.30£0.40 | 0.10£0.02 | 3.88+0.10
63 Ti26 5.75¢034 | 2384003 | 2.86+0.22 | 7.3240.29 | 0.02+0.00 | 3.09:0.00
64 Ti27 8.80£1.77 |  0.30+0.03 0.48+0.09 | 7.3840.16 | 0.0130.00 | 2.42+0.14
65 Ti28 6.8340.85 | 1.42+0.21 1.1940.14 | 5.55£0.09 | 0.01:£0.00 | 2.60+0.02
66 Ti29 6.8743.10 | 0.59+0.09 1.0940.02 | 3.15£0.12 | 0.02£0.00 | 0.98+0.01
67 Ti3 10.91£1.20 | 1.7840.26 1.10£0.02 | 5.7840.40 | 0.09+0.01 | 1.22+0.23
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68 Ti30 5.9240.71 | 0.7820.11 0.62£0.04 | 2.68+0.23 | 0.02+0.00 | 0.79+0.01
69 Ti33 5.73£1.07 | 0.26+0.03 1.1740.01 | 4.5540.10 | 0.05£0.02 | 1.55+0.03
70 Ti34 5.63£0.03 | 0.7940.04 | 0.89+0.05 | 6.01£0.38 | 0.06£0.01 | 3.79+0.03
71 Ti35 4.8541.87 | 1.1740.16 | 0.92+0.02 | 3.25£0.09 | 0.02+0.00 | 1.37+0.24
72 Ti36 8.04+0.33 | 1324004 | 0.56+0.02 | 3.15+0.04 | 0.03£0.01 | 0.96+0.03
3 Ti37 4.66£0.91 | 1.1940.16 | 0.84+0.02 | 2.8540.02 | 0.03£0.00 | 0.26+0.02
74 Ti38 7.20£1.61 | 0.6420.05 | 0.59+0.18 | 5.8240.10 | 0.03£0.00 | 1.32+0.07
7 Tid 6.98:0.49 | 2284013 | 0.99+0.02 | 3.09+0.11 | 0.25:0.05 | 2.60+0.04
76 Ti40 10.5740.58 | 1.3440.05 | 0.97+0.10 | 5.5540.21 | 0.01£0.00 | 1.78+0.02
77 Ti4l 10.17+0.32 | 0.73%0.11 0.3740.07 | 2.33£0.29 | 0.02+0.01 | 0.85+0.01
78 Ti42 7.46£122 | 0734002 | 0.95+0.04 | 2.73£0.01 | 0.04+0.01 | 2.18+0.20
9 Ti43 6.1240.30 | 1.21+0.07 | 0.60+0.03 | 2.46+0.00 | 0.02+0.00 | 2.35+0.10
80 Ti44 7.64+0.85 |  0.47+0.02 | 0.96+0.00 | 3.56+0.42 | 0.03£0.00 | 1.78+0.02
81 Ti45 7.26£129 | 1.470.03 1204031 | 3.5640.29 | 0.04£0.00 | 2.98+0.20
82 Ti46 7.7440.12 | 0.15+0.03 1.36£0.03 | 3.064£0.26 | 0.01£0.00 | 0.75+0.18
83 Ti47 6224136 | 2.1740.16 1.66£0.35 | 2.28+0.02 | 0.07+0.01 | 1.37+0.20
84 Ti48 5284039 | 0.80£0.12 | 3.1330.60 | 3.4040.20 | 0.02+0.00 | 0.74+0.07
85 Ti49 11.40£0.25 | 1.99+0.23 0.6240.20 | 6.27+0.08 | 0.05£0.00 | 0.99+0.08
86 Ti5 8.65+0.80 | 3.02+0.08 1.2650.01 | 3.23+0.09 | 0.21£0.02 | 2.32+0.05
87 Ti50 5.8440.71 |  1.76+0.01 1.5340.01 | 3.1840.23 | 0.04£0.00 | 0.25+0.07
88 Ti52 3.43+1.05 | 1.13£0.03 1.8940.23 | 4.0640.02 | 0.04£0.00 | 1.91%0.07
89 Ti53 5.4942.03 |  3.87%0.16 1.33£0.02 | 7.96+0.79 | 0.05£0.01 | 3.12+0.29
90 Ti55 5.2040.57 | 3.47+0.16 1.1160.03 | 4.39+0.51 | 0.10£0.00 | 4.26+0.22
91 Ti56 9.47+0.78 | 3.75:0.00 | 1332010 | 3.75£0.10 | 0.07£0.01 | 8.04+0.10
92 Ti57 5094045 |  1.7240.16 1.14£0.05 | 1.7740.07 | 0.20£0.02 | 2.06+0.04
93 Ti6 7304033 | 1.73+0.03 1.16£0.01 | 3.56+0.16 | 0.12+0.00 | 2.60+0.11
94 Ti60 12.7640.53 | 1.0940.05 | 2.03+0.13 | 1.4140.14 | 0.09+0.01 | 3.59+0.34
95 Ti62 8.4042.15 | 0.95+0.01 1.5740.09 | 7.02+0.38 | 0.07£0.02 | 1.22+0.23
96 Ti7 10.2541.69 | 1.12+0.09 1.23£0.14 | 2.87+0.08 | 0.15£0.02 | 1.4120.01
97 Ti8

5.14+0.22 1.1240.04 0.67+0.04 2.02+0.03 0.19+0.01 0.70+0.12

98 Ti9 6.4043.05 | 0.26:0.03 0.78+0.04 | 4.44+021 | 0.19£0.02 | 0.93+0.14
. Pearson Table. 2

Fig 1
. correlation chart among Protein and Protein classes. Total Protein means Protein estimated by extraction buffer method.The x and
y axis represent the two parameters that are being correlated respectively.

IJIRT 181617 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 5421



© June 2025 | JIRT | Volume 12 Issue 1| ISSN: 2349-6002

Acknowledgment: I thank DIRECTOR of IIRR for providing facilities to do above research and Department of Science &
Technology (DST) for the financial support as fellowship under the scheme DST —WOSA (Women Scientist) and INTUH —
pursuing Ph.D.

2 6 10 (o] 4 8
1 1 1 1 1 1 1 1 1 ST
* x5 He — o
Albumin 0.21 017 o.0se 011 — 2
[
= [w =) S
= n »
-0.17 0.15 0.024
= o
—
Prolamin 0.02e 0.062 — <
— o
o
= S
= Glutelin 0.12
= L - |
= [ o~
Protein |
— «©
— o
IFrTTTTTT
2 6 12

Fig .1. Pearson correlation chart among Protein and Protein classes. Total Protein means Protein estimated by
extraction buffer method.The x and y axis represent the two parameters that are being correlated respectively.
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