:,':“-,' Vigyan Varta an International E-Magazine for Science Enthusiasts E-ISSN: 2582-9467
- \aggon Varta Popular Article
WWWw.vigyanvarta.in Vol. 7, Issue 8 Srietal. (2026)

Breeding Linseed for Enhancement of
Nutraceutical Quality in India: Opportunities and
Challenges

Gali Charitha Sri!, Neha Thomas?2* and Abhinav Dayal3

"' M. Sc. Scholar, *° Assistant Professor,
Department of Genetics and Plant Breeding, Naini Agricultural Institute, Sam Higginbottom
University of Agriculture Technology and Sciences, Prayagraj, Uttar Pradesh, 211007, India

Corresponding Author
Neha Thomas
Email: neha.thomas@shiats.edu.in

[r OPEN ACCESS

Keywords

Linseed, Nutraceutical quality, Omega-3 fatty acids, Lignans, Molecular breeding, Genomics,
Functional foods, India

How to cite this article:

Sri, G. C., Thomas, N. and Dayal. A. 2026. Breeding Linseed for Enhancement of Nutraceutical
Quality in India: Opportunities and Challenges. Vigyan Varta 7 (08): 88-91.

ABSTRACT
Linseed (Linum usitatissimum L.) has become an important nutraceutical crop due to its high

omega-3 fatty acids, lignans, dietary fibre and other bioactive compounds with great health
promoting properties. The breeding work in India has traditionally been directed towards
yield improvement and resistance to diseases, and less towards nutraceutical attributes. The
article presents the opportunities and challenges for breeding linseed with optimized
nutraceutical properties for Indian agro-climatic conditions. It shows the breeding priorities
such as higher production of a-linolenic acid (ALA), lignans, better quality oil, and better
nutritional quality, and discusses the application of conventional and molecular breeding
techniques. It further highlights the need for advanced phenotyping, genomics, and value
chain development to boost genetic gains. Building research, policy support and public-
private partnerships will be key to creating high-value nutraceutical linseed varieties that will

be beneficial to farmers, consumers and the functional food sector.
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INTRODUCTION:

nce valued mainly as an industrial

oilsced and fibre crop, linseed

(flaxseed) has quietly transformed
into a nutraceutical powerhouse. Rich in
omega-3 fatty acids, lignans, dietary fibre and
bioactive compounds, linseed now occupies a
strategic space at the intersection of
agriculture, nutrition and health (Westcott &
Muir, 2003; Bassett et al., 2009). For India,
where the crop is largely grown under rainfed,
marginal and low-input conditions, breeding
linseed for enhanced nutraceutical quality
presents both a promising opportunity and a
formidable challenge (Kaur et al., 2017).

Linseed has long been cultivated in India for
edible and industrial oil, yet its potential as a
functional food has only recently gained
attention. The seeds contain exceptionally high
levels of a-linolenic acid (ALA), an omega-3
fatty acid associated with cardiovascular
health, anti-inflammatory responses and
neurological benefits (Simopoulos, 2000;
Simopoulos, 2002). Additionally, linseed is
one of the richest plant sources of lignans,
especially  secoisolariciresinol  diglucoside
(SDG), known for antioxidant, anticancer and
hormone-modulating properties (Westcott &
Muir, 2003; Chen et al., 2006). These
attributes have fueled growing demand from
nutraceutical, pharmaceutical and functional
food industries,
globally.

both domestically and

Why nutraceutical breeding matters for
India

India
producing countries, yet productivity remains

ranks among the major linseed-
far below the global average. Cultivation is
largely confined to rainfed areas, utera (relay)
systems and resource-poor environments
(FAOSTAT, 2023; Kaur et al, 2017).
Breeding efforts historically focused on yield
resistance, often

stability and disease
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overlooking seed quality traits. Enhancing
nutraceutical quality can change this narrative
by creating high-value wvarieties that fetch
premium prices, strengthen farmer incomes,
and support diversification of rural agro-
industries  (Diederichsen & Fu, 2008).
Moreover, locally bred nutraceutical linseed
can reduce reliance on imported health
ingredients.

Key nutraceutical linseed

breeding

targets in

Modern linseed breeding aims to go beyond
yield and adaptability, targeting multiple
quality traits simultaneously (Green et al.,
2008):

e Higher omega-3 (ALA) content without
compromising seed yield

o Stable and elevated lignan concentration
across environments

¢ Improved oil quality and oxidative stability,
crucial for storage and processing

e Balanced protein and dietary fibre

composition for whole-seed and meal use

¢ Reduction of undesirable or antinutritional
compounds, where relevant

The challenge lies in improving these traits
while maintaining agronomic fitness under
India’s diverse agro-climatic conditions (Kaur
etal., 2017).

Breeding strategies: from germplasm to
genomics

India and global gene banks conserve rich
linseed diversity in the form of landraces,
obsolete cultivars and wild relatives. These
genetic resources harbor valuable alleles for
oil composition, stress tolerance and quality
traits (Diederichsen & Fu, 2008). Their
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systematic evaluation and use is central to
nutraceutical breeding. Recent research
highlights that much of this diversity remains
underutilized due to limited trait-specific data
and concerns about linkage drag (Kaur ef al.,
2017).

Conventional hybridization and selection
remain important, but molecular breeding tools
are now accelerating progress. Marker-assisted
selection helps track genes involved in fatty
acid biosynthesis, while genomic selection
enables prediction of complex nutraceutical
traits influenced by multiple genes (Cloutier et
al., 2011; Soto-Cerda et al., 2013). The
availability of the flax genome sequence has
further opened doors to precise identification
of genes quality, lignan
synthesis and stress responses. Genome editing
technologies hold future promise, provided
regulatory and public acceptance frameworks

evolve.

governing oil

Phenotyping: the hidden bottleneck

Breeding for nutraceutical quality is only as
strong as the ability to measure it. Accurate
estimation of fatty acid profiles and lignan
content requires sophisticated laboratory
techniques such as gas chromatography and
HPLC (Westcott & Muir, 2003). These
methods are costly and time-consuming,
their use in large breeding

populations. Developing rapid, cost-effective

limiting

tools like near-infrared spectroscopy (NIRS)
calibrations tailored to Indian germplasm is
essential to scale up selection efficiency.

Agronomy, processing and quality retention

High nutraceutical value at harvest does not
automatically translate into high value at
consumption.

time,

Agronomic
nutrient

practices  like
sowing management and
moisture availability, strongly influence oil
composition (Green et al., 2008). Post-harvest
handling is equally critical: omega-3-rich oils
are prone to oxidation, demanding careful
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processing, packaging and storage (Hosseinian
et al., 2004). Breeding efforts must therefore

align with improved agronomic
recommendations and post-harvest
technologies to preserve seed quality

throughout the value chain.
Market opportunities and value chains

India’s nutraceutical and functional food
markets are expanding rapidly, driven by
health awareness and lifestyle changes.
Linseed oil, ground seed, fortified bakery
products, beverages and lignan-enriched
supplements are already gaining popularity
(Bassett et al., 2009). Well-defined quality
standards, traceable supply chains and farmer-
processor linkages can transform linseed from
a low-value oilseed into a premium health
crop. Export potential further strengthens the
case for investing in nutraceutical-focused
breeding.

Challenges ahead

Despite its promise, nutraceutical linseed

breeding faces several hurdles: complex
genetics of quality traits, strong environment X
genotype interactions, limited phenotyping
infrastructure, and slow varietal adoption due
to weak seed systems (Diederichsen & Fu,
2008; Kaur et al., 2017). Regulatory clarity on
nutraceutical claims and modern breeding
technologies is still evolving. Addressing these
challenges requires coordinated efforts across
breeding, policy, extension and industry.

The road forward

Breeding linseed for enhanced nutraceutical
quality is not merely a scientific pursuit, it is a
strategic opportunity for India to integrate
agriculture with public health and rural

entrepreneurship.  Greater investment in
germplasm  evaluation, genomic  tools,
phenotyping  capacity and  value-chain

development can unlock this potential. With
sustained research, supportive policies and

0 |Page


http://www.vigyanvarta.in/

}.':“4,' Vigyan Varta an International E-Magazine for Science Enthusiasts E-ISSN: 2582-9467
- .
- \aggon Varta Popular Article

WWW.vigyanvarta.in Vol. 7, Issue 8 Srietal. (2026)

strong public—private partnerships, linseed can
emerge as a flagship nutraceutical crop—
benefiting farmers, consumers and the nation
alike.
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