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ABSTRACT

Nutraceutical profiling of underutilized traditional
rice genotypes are very much essential for identi-
fication of promising lines for future food security
and mitigating malnutrition. These underutilized rice
line could be utilized in future rice breeding program
either through molecular breeding or through genetic
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engineering. Considering this significance, nutra-
ceutical profiling of a group of folk rice germplasm
maintained by Community seed bank of ARSW
society of South Bengal was studied in detail. Nine
agronomic and seven important nutraceutical treats
like- starch, amylose, protein, oil content, and three
metal micronutrients (Fe, Zn and Mn) were evaluat-
ed for their ready identification and introgression in
higher yield background to developed high yielding
improved value-added rice genotypes. Majority of
the rice lines shown long bold grain having long bold
karnel which is one of the preferable grain charac-
ters of the rural people. Total protein, oil, starch and
amylose content of the studied landraces was varied
from 9.21g% to 11.2g%, 2.32 mg/g—2.88 mg/g, 73.8
g% — 75.6 g% and 6.5 g% to 30.5 g% respectively.
Considerable variations in Fe, Zn and Mn were found
in the grains of rice landraces varied in the range of
8.43 ppm to 60.05 ppm, 7.50 ppm to 43.19 ppm and
8.40 ppm to 52.63 ppm, respectively. Farm soil and
irrigation water also played a vital role in the accu-
mulation of metal micronutrients. Fe and Zn present
in the soil showed a positive correlation with grain
Fe and Zn content. It was also found that Fe and Mn
content were significantly higher (P <0.01) in some
pigmented rice landraces. Greater content of mineral
micronutrients in several rice landraces suggesting
their genetic potentiality to increase the nutrient con-
centrations in rice grains and could probably use in
breeding programs for ensuring future food security.

Keywords Micronutrients, Food security, Biofortifi-
cation, Traditional rice landraces, Nutrition.



INTRODUCTION

Rice (Oryza sativa) is a staple food for more than
half of the population worldwide (Khush 1997).
India is one of the centers of origin of Asian rice and
thousands of ecotypes of rice genetic resource have
been evolved and flourished in the agricultural land
of India. Characterizations of different rice landraces
are very important in terms of agronomical, morpho-
logical, physical and chemical attributes. Although,
amazing genetic diversity for the phenotypic charac-
ters of the various rice landraces have been observed
(Kovach ef al. 2009). Micronutrient contents of rice
may vary with the characteristics of the farm soil
(Baxter et al. 2012), and also with the water used for
irrigation (Fendorf et al. 2010). Geographical condi-
tions, environmental and genetic factors are known
to influence the vitamin and metal accumulation in
rice landraces (Miller and Engel 2006). Traditional
rice landraces have been used for their therapeutic
and nutritional properties since ancient times (Roy
2019). Pichhavari and Karthigai samba of Tamil
Nadu and Dudhsar of West Bengal are indigenously
believed to enhance milk production in lactating
mothers. Several folk rice landraces, like Kelas and
Bhutmoori of West Bengal, are believed to cure
anemia in women during and after childbirth (Deb
2005). Popularly consumed as polished white rice
contains very low levels of essential micronutrients
(Deepa et al. 2008) in comparison with the some
traditional black rice varieties (Roy et al. 2021), lead-
ing to the development of micronutrient deficiency
upon continuous consumption, which warrants the
situation of developing micro-nutrient and vitamin
rich rice through genetic engineering (Ye et al. 2000).
Micronutrient deficiencies leads to weak the immune
system and physical growth and even sometimes
death. Vitamin B complex, Fe, Mn and Zn deficiencies
are common in micronutrient deficiencies and have
serious consequences. Biofortification is believed
to be an important way to boost the micronutrient
content of food crops like rice. It’s also a viable
and long-term strategy for addressing micronutrient
deficiencies in people who eat mostly rice and have
limited access to a variety of healthy diet. A detail
investigation on the micronutrient contents of folk
rice germplasms are essential for understanding their
role in human health and nutrition. Meenakshi et al.
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(2010) found that though, some governing bodies took
up micronutrient supplementation program but their
affordability remains doubtful. Mayer et al. (2008)
have expressed their concern that a majority of world
population with < $2/day wages, how far can access
the industrially processed foods under post-harvest
micronutrient fortification programs. Authors like
Hurrell (2002); Abbaspour ef al. (2014) further added
that food fortification can alter quality attributes like
color and flavor which may influence consumer ac-
ceptance behavior. Beside these, agro-environmental
components were also known to reduce micronutrient
content in rice (Moulick et al. 2020; White and Broad-
ley (2009); Bouis et al. (2011) were of the opinion
that, enrichment of micronutrient in the edible parts
of field crops as the most maintainable way to get rid
of micronutrient deficiencies. Among the field crops,
in terms of area of cultivation, popularity among
world population as preferred dietary item has made
rice as most sort after target crop for biofortification
(Wessells and Brown 2012, WHO 2015; FAO 2016).

In this study, we evaluate the morphological
characters, presence of some micronutrients in the
grains of selected indigenous rice landrace. The actual
goal of the investigation is to promote these landraces
and to explore their potential to ensure the nutritional
security with greater micronutrient content under
biofortification program.

MATERIALS AND METHODS

Forty-one (41) rice landraces were selected on the ba-
sis of agronomic and morphological attributes. Sam-
ples were collected from the Community Seed bank
of Amarkanan Rural Socio Environmental Welfare
Society (ARSWS-CSB), located in Bankura district
of West Bengal (23°22°32.394” N, 87° 5°53.9592”
E) (Fig. 1). These landraces are being cultivated and
conserved in situ in the farmland of ARSW Society
(Fig. 2). The cultivation of local landraces is part of
an in situ rice genetic diversity conservation effort of
these endangered landraces, and to highlight the nu-
tritional significance of these neglected germplasms.
We cultivated these landraces in the four consecutive
Monsoon / Kharif season (June to December 2022-
2025 session) (Fig. 3). Rice landraces were grown in
separate plots at a density of 16 hills/m? in the tropical
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Fig. 1. Location

climate by regular irrigation but without the applica-
tion of any type of chemical fertilizers, pesticides and
herbicides. At maturation, rice plants were harvested
and threshed manually. Rice grains were decorticated
in the lab using a mechanical huller and were ground
to find powder using mortar & pestle and stored in
-20°C before analysis.

of study site.
Chemicals

All the chemicals used in this study were of analyt-
ical grade (AR Grade). Analytical standards were
purchased from Sigma-Aldrich (India). Methanol
and Chromatographic grade water were purchased
from Merck (India).
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Fig. 2. A glimpse of traditional rice landraces used in this study.
First Row Left to Right- Kalobhat, Kashiphool, Lalpatni, Patnai-23, Bachi, Nikunja, Sundari, Dudhkalam, Valki, Daharlagra, Nonabogra,
Ashinlaya, Arka, Jhumur, Letasole, Birahi, Gokulsal, Kelesh, Bombaimugi, Bhurisal.
Second Row Left to Right- Gangajali, Kaksal, Bhadoi, Ayan, Bhramarmali, Sindurmukhi, Dadkhani, Khandagiri, Kheuch, Moti, Dha-
ransal, Boishali, Fulkhar, Jhilik, Badamsaru, Chandrakanta, Chotodidi, Kalobyar, Binnidhan, Jamainadu.
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Fig. 3. Seed bed of studied traditional rice lines in on-farm condition.

Morphological properties

We reported here some important agronomic and
morphological characteristics of forty rice landraces.
Measurements of different morphological charac-
teristics of the landraces were recorded, following
Biodiversity International guidelines (2007). Details
of the features are provided in Table 1.

Analyses of micronutrients

Analysis of micronutrient like Protein content, Oil
content, starch and amylose content were performed
by using standard methods. Total soluble starch
and amylose content were analyzed following the
method describe by Chow and Landhéusser (2004).
Total protein contents were analyzed by following
Bradford method (Bradford 1976) and oil content of
the studied rice landraces were analyzed following
method described by Bligh and Dyer (1959).

Analyses of metal micronutrients

Metal detection (Mn, Fe and Ze) and analysis were
performed by using Inductively Coupled Plasma Mass
Spectrometer (Agilent Technologies 7800 ICPMS,
USA) as described by Sen Gupta et al. (2017). The
results were repeated three times in all cases.

Statistical analysis

Values were expressed as mean value (n= 3). Fur-
ther, the obtained data were subjected to Pearson’s

correlation analysis. The resolution of confidence
limit was narrowed to p<0.01, at which the stron-
gest correlations between the pairs of biochemical
properties were identified.

RESULTS AND DISCUSSION
Morphological characterization

The morphological characters of the rice landraces
are presented in Table 1. Grain color, weight, size,
shape, aroma, etc. are considered as the main criteria
for understanding the quality of rice and its various
physical characteristics (Deb 2005; Moulick et al.
2020). Accessions of rice can be differentiated by
morphological features such as crop height, basal
leaf sheath color, leaf shape and size, flag leaf angle,
grain size, presence/absence of awn, grain color,
seed coat color, awn color, seed weight, panicle size,
structure and density, threshability and aroma, among
others. Farmers are still growing a wide range of
rice varieties with a variety of characteristics such
as aroma, drought, flood, or salinity tolerance, and
pest and disease resistance after centuries of selective
breeding. This study looked at and documented some
of these important agronomic and morphological
characteristics. Rice floral biology is also critical for
preserving genetic purity. Hopefully, this register of
folk rice genetic diversity will spur the creation of
other community-owned biodiversity documents,
affirming indigenous farmers’ sovereign right to freely
use their heirloom crop genetic diversity (Table 1 &
Fig. 2).
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Table 1. Morphological properties of the seeds of 34 traditional rice landraces.

: 5 T g £ B ;o &
s 5 5 E & I £ & 9z
;g R T - TR
g s = £ g = 2 3 = 2
z £ @ z 2 = g = 2 2 <
- : S §F fF & £ 5
- 3 & & g 3 < g
=] a -
1 Arka Red White 8 2.5 6.16 2.08 absent 18.9 absent
2 Ashinlaya Straw Light red 8.66 2.75 583 233 absent 24 absent
3 Bachi Brown furrow on straw White 7.26 3.27 4.87 2.66 absent 233 absent
4 Badam Soru Straw White 9.1 23 6.3 2 absent 19.2 absent
5 Bhadoi Brown furrow on straw Varigated brown  8.38 2.81 6 2.39 absent 24.1 absent
6  Bhramarmali Straw White 7.5 2.4 6.3 2 absent 223 absent
7 Bhurisal Straw White 791 2.5 6.16 2.16 absent 20.1 absent
8  Binni Dhan Straw Red 891 2.58 6.5 2.16 absent 214 absent
9 Birahi Brown furrow on straw Light red 7.76 2.41 6.08 2.25 absent 18.6 absent
10 Boishali Straw Light red 8.3 4 6.3 3 absent 243 absent
11 Chandrakanta Gold furrow on straw Light red 8.6 2.6 4.8 2.1 absent 23 absent
12 Choto Didi Straw Varigated brown ~ 8.52 3.31 5.97 2.99 absent 31.9 absent
13 Dadhkani Reddish to ligt purple White 8.3 23 5.8 1.8 absent 15.8 absent
14  Dahar Lagra Straw White 8.9 2 7 1.7 absent 19.1 absent
15  Dharan Sal Straw White 8.82 2.61 6.28 2.26 absent 224 absent
16 Dudh Kalma Straw White 8.75 2.75 6.42 2.33 absent 24.5 absent
17 Fulkhar Straw White 9.24 2.46 6.54 2.21 absent 22.1 absent
18 Gokul Sal Straw White 7.84 2.17 5.84 1.75 absent 18.2 absent
19  Jamainadu Purple White 8.6 3 6.6 2.3 absent 235 absent
20 Jhilik Straw White 8.66 2.25 6.16 1.91 absent 17.5 absent
21 Jhumur Straw White 8.25 2.75 6.41 2.25 absent 22.1 absent
22 Kaksal Purple spot on straw Light red 8.97 3.08 6.58 2.7 absent 30.3 absent
23 Kalobhat Purple furrow on straw  Black purple 9.98 3.19 6.68 2.57 absent 27 Present
24  Kalobyar Black Light brown 7.84 3.26 5.63 2.86 absent 20.5 absent
25 Kasiphul Straw White 7.75 2.92 5.83 2.58 absent 25 absent
26 Kelesh Black Light brown 7.82 2.79 5.42 2.46 absent 19.7 absent
27  Khandagiri Straw White 9.6 2.8 7.3 22 absent 25.1 absent
28 Kheuch Red furrow on straw White 8.11 3.23 5.71 2.84 absent 27.1 absent
29  Lal Patni Red furrow on straw White 8.6 2.9 6.4 2.5 absent 243 absent
30 Nayanmani Straw White 8.65 221 6.34 1.99 absent 22.5 absent
31 Patnai-23 Straw White 11.2 2.8 83 22 absent 27.6 absent
32 Sindurmukhi  Red furrow on straw White 9.15 2.67 6.67 2.35 absent 26.2 absent
33 Sundari Gold furrow on straw White 7.62 2.95 5.85 2.4 absent 19.1 absent
34 Valki Purple furrow on straw Varigated brown  7.94 3.19 5.64 2.74 absent 27.1 absent
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Table 2. Concentrations of mineral micronutrients in the grains of traditional rice landraces.

SL. No. Landrace Name Mn (ppm) Fe (ppm) Zn (ppm) Protein Oil Starch Amylose
(mg/100 gm) (mg/100 gm) (gm/100 gm) (gm/100 gm)

1 Arka 13.46 8.96 9.99 9.80 2.75 75.6 243
2 Ashinlaya 18.56 8.10 8.43 10.1 2.55 74.0 20.5
3 Bachi 34.84 12.32 19.71 9.71 2.53 74.4 16.3
4 Badam Soru 15.86 11.78 13.93 9.81 2.65 75.0 28.1
5 Bhadoi 16.54 14.93 21.40 10.5 2.78 74.5 19.7
6 Bhramarmali 31.40 21.60 29.10 9.08 2.53 74.5 24.5
7 Bhuri Sal 18.70 7.50 11.55 9.76 2.59 74.1 27.1
8 Binni Dhan 15.37 22.53 24.40 10.2 2.67 74.5 28.4
9 Birahi 21.06 14.66 23.39 10.5 2.87 74.4 23.5
10 Boishali 24.46 10.98 20.62 8.92 2.70 75.1 26.2
11 Chandrakanta 11.85 23.90 28.20 9.68 2.58 74.4 29.4
12 Choto Didi 8.40 20.63 21.80 10.1 2.56 74.1 19.2
13 Dadhkani 15.89 9.33 11.21 10.4 2.78 75.3 243
14 Dahar Lagra 44.84 13.46 24.44 10.9 2.32 73.2 30.5
15 Dharan Sal 21.69 12.16 18.94 9.52 2.64 74.7 30.4
16 Dudh Kalma 11.69 11.07 17.94 9.8 2.61 74.9 272
17 Fulkhar 18.41 43.19 60.05 9.21 2.59 74.5 252
18 Gokul Sal 33.05 8.93 24.12 10.3 2.58 73.8 19.5
19 Jamainadu 13.28 12.61 20.60 10.2 2.46 74.7 22.1
20 Jhilik 27.38 11.55 14.80 10.2 2.62 74.2 27.6
21 Jhumur 13.58 8.11 13.52 10.2 2.77 75.1 21.6
22 Kaksal 16.36 10.96 15.94 10.0 2.72 74.2 19.8
23 Kalobhat 15.50 8.70 11.35 11.1 2.75 73.9 15.7
24 Kalobyar 18.40 11.90 12.28 10.5 2.81 74.9 17.5
25 Kashi Phul 41.50 25.57 44.60 10.7 2.73 74.1 17.8
26 Kelesh 29.86 12.82 18.80 11.2 2.88 74.1 6.5

27 Khandagiri 25.02 12.87 24.49 10.2 2.65 73.9 249
28 Kheuch 21.76 34.72 41.40 10.4 2.71 74.3 14.6
29 Lal Patni 14.90 7.95 9.28 9.28 2.81 74.5 17.6
30 Nayanmani 0.00 22.80 32.60 9.64 2.78 74.1 23.6
31 Patnai-23 20.62 12.58 16.36 9.91 2.62 74.9 26.8
32 Sindoor Mukhi 16.41 13.69 16.90 9.94 2.57 74.4 22.0
33 Sundari 52.63 23.22 34.97 10.4 2.58 73.9 242
34 Valki 19.90 12.90 19.55 9.83 242 75.1 23.6

* Values are the mean of three determinations in all the cases.

Micronutrients contents in rice landraces

Micronutrients are essential for normal metabolic
functions, production of essential hormones and en-
zymes and are required components for a balanced
diet. As shown in the Table 2, rice landraces studied
here were an excellent source of micronutrients,
which could be helpful to prevent various health
related problems in the human body. The presence
of essential and nutritionally important nutrient like
Protein, starch content, amylose content and oil
content was analyzed in all rice landraces and are
given in Table 2. Among the studied rice landraces

highest total protein content (11.2 g %), and highest
oil content (2.88 mg/g) was observed on Kelesh
variety. Highest amount of total starch content was
observed on Arka variety (75.6 g %) and highest
amount of amylose content was observed on Da-
harlagra variety (30.5 g %).

Metal micronutrients in rice landraces

The presence of essential and nutritionally important
metal ions was analyzed in all rice landraces and
are given in Table 2. In the present study, we found
most of the rice landraces contained a higher amount
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Fig. 4. Correlation of Fe against Zn (B) in the traditional rice landraces.

of metal micronutrients. Among the rice landraces,
Fulkhar content highest amount of Fe (43.19 mg
Kg™) and Zn (60.05 mg Kg™') in its grains and anoth-
er landrace, Sundari content highest amount of Mn
(52.63 mg Kg™). Micronutrients must be present in
the soil solution for plants to absorb them. There’s
a lot of evidence that the chemical makeup of mi-
cronutrients in solution influences their availability
to plants (Parker et al. 1995). When plants uptake
metals, Cabrera et al. (1988) found a high level of
correlation with the activity of free metals ions in
soil solution rather than total element concentrations
in soils. The total concentrations of micronutrients
in soils are likely to influence soluble heavy metal
concentrations in soils to some extent.

Also, we found a strong positive correlation
between Fe and Zn content in the grains of studies
rice landraces (Fig. 4). The slope of the regression
(R*=0.97, P <0.01) indicates a common metabolic
pathway likely involved in the accumulation of Fe and
Zn in rice rthizosphere. It is known that phytosidero-
phores (PSs) can attach to Fe*+ to produce the soluble
complex Fe (II)-PS, and these compounds can be ab-
sorbed into root cells by Yellow Stripe-Like Proteins
(YSLs) in the rhizosphere (Santos et al. 2017). Also,
the phytic acid pathway could play a role for Fe and
Zn accumulation in grains (Majumder ef al. 2019).

Rice is the staple food for more than half of
the world’s population, particularly in developing
countries, so efforts are being made to improve its
nutritional status in order to prevent malnutrition.

Many researchers have looked into the possibility
of increasing the concentrations of metal-binding
proteins in grains to improve bioavailability of mi-
cronutrients. Micronutrient uptake and translocation
efficiency from root to grain are also factors in grain
micronutrient content. In different rice and maize
germplasm, there was a lot of genetic variation for
grain iron and zinc, which was exploited in breeding
programmes (Graham ez al. 1999). Rice lines in IRRI
germplasm were screened for high Fe and Zn content
by Gregorio et al. (2000). Fe concentrations ranged
from 6.3 to 24.4 mg Kg' in a subset of 1,138 samples
analyzed, while Zn concentrations ranged from 15.3
to 58.4 mg Kg'. Anandan et al. (2011) have shown
that traditional rice cultivars have high Fe and Zn con-
tent than improved cultivars. Roy and Sharma (2014)
have screened 84 landraces for iron and zinc content.
Fe content varied between 0.25 to 34.8 mg Kg'and
Zn content from 0.85 to 195.3 mg Kg™'. Deb et al.,
(2015) studied 130 rice landraces and variation in
Fe (0.2to 130 mgKg '), Zn (2.4 to 155.31 mg Kg™'),
and Mn (14.9 to 138.0 mg Kg') content. Recently,
Sen Gupta et al. (2017) screened 505 traditional rice
landraces from India. The Fe content varied between
0.20to0 150.85 mg Kg, the Zn content varied between
0.89 to 282.80 mg Kg!, and the Mn content varied
between 1.87 to 503.51 mg Kg! (Table 2). There is
no consistent value of Fe, Mn and Zn for a genotype,
according to previous studies and the current study.
Micronutrient homeostasis, sampling method, grain
nature, soil properties, analytical methods, environ-
ment, genotypes, and several interactions between the
factors all influence variation (Zwolak ef al. 2019).



Rice landraces with the higher concentration
of Fe, Zn and Mn, could be provided to the patients
suffering from anaemia. Indigenous people of West
Bengal used Fe and Zn rich rice landraces for lactating
mothers (Deb 2005). Metal micronutrient rich rice
landraces have a long history for treating various
diseases and malnutrition as they have shown selec-
tive therapeutic properties (Deb 2017, Roy 2019).
Though micronutrient content varies due to a vari-
ety of factors, the rice germplasm stock has enough
variation to exploit for developing stable lines (White
and Broadley 2005, Singh ef al. 2016). Because mi-
cronutrient malnutrition is a major global problem,
the development of micronutrient-rich genotypes is
urgently needed. The rice landraces discovered with
high metal micronutrients in this study, will be useful
in selecting and breeding micronutrient-rich lines.

CONCLUSION

This research demonstrates the properties of the rice
landraces could be clarified by high levels metal
micronutrients. Micronutrient deficiency is rec-
ognised as one of the most pressing threats to food
and nutrition security, especially in the developing
countries, and a food-based approach is increasingly
being recognised as a viable solution. The diversity
of plant genetic resources makes it possible to find
micronutrient-rich genotypes for direct use or to use
breeding strategies to improve the genetics of staple
crops. Hopefully, our findings may encourage a more
comprehensive exploration of the nutritional potential
of indigenous landraces, which in mainstream rice
research have remained largely neglected. In order
to provide community health and nutritional security,
particularly in the global South, our results here could
further etch out the imperative to preserve these rare
and evanescent landraces.
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