https:/ /agritechpublication.com

ISSN: 3048-8249

Article ID: FT'T20250209008

Reduction of Anti-Nutritional Factors in Millets Using Novel Processing
Technologies: Enhancing Nutritional Quality and Consumer Acceptance

Niveadhitha Sundaramoorthy!, Aruthra

M. Sivasakthiganesan4 and Priya L5

Devi Gopinath?, Ramalakshmi K3,

‘Assistant Professor (SG), Department of Food Technology, Rajalakshmi Engineering College, Rajalakshmi Nagar,

Thandalam, Chennai- 602105, Tamil Nadu; India

*Assistant Professor, Department of Food Technology, Rajalakshmi Engineering College, Rajalakshmi Nagar, Thandalam,

Chennai 602105, Tamil Nadu - India

‘Professor and Head, Department of Food Technology, Rajalakshmi Engineering College, Rajalakshmi Nagar, Thandalam,

Chennai 602105, Tamil Nadu - India

‘“Project Associate, Department of Food Technology, Rajalakshmi Engineering College, Rajalakshmi Nagar, Thandalam,

Chennai 602105, Tamil Nadu - India

‘Professor, Department of Information Technology, Rajalakshmi Engineering College, Rajalakshmi Nagar, Thandalam,

Chennai 602105, Tamil Nadu - India
*Corresponding Email: niveadhitha.s@rajalakshmi.edu.in

Abstract

Millets are highly nutritious climate-resilient cereals
rich in dietary fibre, minerals, vitamins, and bioactive
compounds. They play an important role in ensuring food
security, nutritional security, and sustainable agriculture,
especially in dryland regions. However, the presence of anti-
nutritional factors such as phytates, tannins, oxalates, enzyme
inhibitors, and polyphenols may reduce nutrient bioavailability
and digestibility. Novel processing technologies such as
fermentation,  germination,  extrusion,  high-pressure
processing,  ultrasound, enzymatic  treatment, and
micronization have shown great potential in reducing anti-
nutritional compounds while preserving nutritional quality.
These modern approaches improve mineral absorption,
protein digestibility, sensory characteristics, and overall
acceptability of millet-based foods. Adoption of innovative
processing methods can increase millet consumption and
support the development of functional foods and value-added
products.

Introduction

Millets are among the oldest cultivated cereals and are
well known for their nutritional richness, adaptability to
marginal soils, and tolerance to drought conditions. Common
millets such as finger millet, pearl millet, foxtail millet, kodo
millet, little millet, barnyard millet, and proso millet are rich in
complex carbohydrates, dietary fibre, essential amino acids,
minerals such as calcium, iron, and zinc, and bioactive
compounds with antioxidant properties. Due to their
nutritional advantages and low glycemic index, millets are
increasingly recognized as healthy alternatives to refined
cereals.

Despite their nutritional benefits, millets contain
certain anti-nutritional factors that interfere with digestion and
absorption of nutrients. Anti-nutritional compounds are
naturally occurring substances that reduce the availability of
essential nutrients by forming complexes with proteins and
minerals or by inhibiting digestive enzymes. Phytic acid binds

with minerals such as iron, zinc, and calcium, reducing their
bioavailability. Tannins form complexes with proteins,
reducing digestibility and affecting taste. Oxalates may
interfere with calcium absorption, while enzyme inhibitors
reduce efficiency of protein digestion.

Traditional processing methods such as soaking,
dehulling, fermentation, roasting, and cooking have been used
for centuries to improve digestibility of millets. However,
modern food processing technologies offer more efficient and
controlled ways to reduce anti-nutritional compounds while
preserving nutritional quality. Novel processing techniques
improve functional properties of millets, making them suitable
for preparation of ready-to-eat foods, bakery products,
extruded snacks, breakfast cereals, and nutraceutical products.

As global interest in healthy foods increases, there is
growing demand for millet-based products with improved
taste, texture, and nutritional quality. Novel processing
technologies play a key role in enhancing the value of millets
and promoting their wider utilization in the food industry.

Anti-Nutritional Factors Present in Millets

Anti-nutritional factors are natural plant compounds
that protect seeds from pests and environmental stress but
may affect nutrient utilization in humans. The major anti-
nutritional components found in millets include phytates,
tannins, oxalates, polyphenols, enzyme inhibitors, and
saponins.

Phytic acid is one of the most important anti-
nutritional factors present in millets. It forms complexes with
minerals such as iron, calcium, magnesium, and zinc, making
them less available for absorption in the digestive system.
Tannins are polyphenolic compounds that bind with proteins
and reduce protein digestibility. Oxalates can form insoluble
complexes with calcium, reducing calcium absorption.

Protease inhibitors interfere with protein digestion by
inhibiting  digestive enzymes such as trypsin and
chymotrypsin. Saponins may affect nutrient absorption and
reduce palatability due to bitter taste. Although these
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compounds may have some beneficial health effects such as
antioxidant activity, their excessive presence may limit nutrient
availability. Reduction of anti-nutritional factors improves
bioavailability of minerals and proteins, enhancing the
nutritional value of millet-based foods.

Traditional Processing Methods and Their Limitations

Traditional processing techniques such as soaking,
germination, fermentation, roasting, and cooking help reduce
anti-nutritional compounds to some extent. Soaking removes
water-soluble anti-nutrients and activates endogenous
enzymes. Germination activates phytase enzyme that breaks
down phytic acid, improving mineral bioavailability.
Fermentation improves digestibility and reduces tannins and
phytates.

Although traditional methods are effective, they may
require longer processing time and may not provide uniform
reduction of anti-nutritional compounds. Some methods may
also lead to loss of nutrients due to excessive washing or
heating. Therefore, modern food processing technologies are
being explored to achieve better control over reduction of
anti-nutritional factors.

Novel Processing Technologies for Reducing Anti-
Nutritional Factors

1. Germination and Controlled Sprouting

Germination is a biological process that activates
enzymes responsible for breaking down complex compounds
into simpler forms. During germination, phytase enzyme
hydrolyses phytic acid, reducing its content significantly.
Protein digestibility also improves due to breakdown of
storage proteins. Controlled germination under optimized
conditions improves mineral availability and enhances levels

of bioactive compounds such as phenolics and antioxidants.
Germinated millet flour is widely used in preparation of
weaning foods, bakery products, and health foods.

2. Fermentation Technology

Fermentation involves the activity of beneficial
microorganisms such as lactic acid bacteria and yeast. These
microorganisms produce enzymes that degrade anti-
nutritional compounds such as phytates and tannins.
Fermentation also improves flavour, texture, and shelf life of
millet products. Fermented millet products such as traditional
porridges, beverages, and batters show improved mineral
absorption and protein digestibility. Lactic acid produced
during fermentation improves bioavailability of nutrients.

3. Extrusion Cooking

Extrusion is a high-temperature short-time
processing method widely used in preparation of ready-to-eat
snacks and breakfast cereals. High temperature and
mechanical shear during extrusion reduce enzyme inhibitors
and tannins. Extrusion also improves starch digestibility and
product texture. It allows production of expanded products
with improved sensory characteristics. Extruded millet
products are gaining popularity due to convenience and
nutritional benefits.

4. High Pressure Processing

High-pressure  processing is a  non-thermal
technology that uses high pressure to modify food structure
and inactivate enzymes. Pressure treatment alters molecular
interactions and reduces anti-nutritional compounds without
significant loss of nutrients. High-pressure processing
preserves colour, flavour, and nutritional quality while

improving digestibility.

Table 1. Novel Processing Technologies for Reducing Anti-Nutritional Factors in Millets

Processing Major Anti-Nutritional Factors | Mechanism of Action Benefits

Technology Reduced

Germination Phytates, tannins Activation of phytase | Improved mineral absorption
enzyme

Fermentation Phytates, polyphenols Microbial enzyme activity | Improved digestibility —and

flavour

Extrusion Tannins, enzyme inhibitors High temperature and | Improved texture and shelf life

shear

High-pressure
processing

Enzyme inhibitors

Structural modification Retains nutrients and quality

Ultrasound treatment | Phytates

Cavitation effect Enhanced nutrient availability

Enzymatic treatment | Phytic acid, proteins Enzyme hydrolysis Targeted reduction of anti-
nutrients
Microwave processing | Tannins Rapid heating Reduced processing time

Infrared heating Enzyme inhibitors

Thermal breakdown Improved product safety

5. Ultrasound Processing

Ultrasound treatment uses sound waves to create
cavitation bubbles that disrupt cell structures. This improves

extraction and breakdown of anti-nutritional compounds.
Ultrasound-assisted processing enhances hydration and
improves efficiency of enzymatic reactions that degrade anti-
nutrients.
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6. Enzymatic Treatment

Specific enzymes such as phytase, protease, and
cellulase are used to break down anti-nutritional compounds.
Phytase reduces phytic acid content, improving mineral
availability. Enzymatic treatment provides targeted reduction
of anti-nutrients without affecting nutritional quality.

7. Microwave and Infrared Processing

Microwave and infrared heating provide rapid heating
that reduces tannins and enzyme inhibitors. These methods
improve product safety and reduce processing time. Such
technologies are suitable for large-scale processing of millet-

based foods.
Nutritional and Functional Benefits of Novel Processing

Novel processing technologies improve mineral
bioavailability, protein digestibility, and antioxidant activity of
millets. Reduction of anti-nutritional compounds improves
absorption of iron, calcium, and zinc, helping prevent
micronutrient deficiencies. Improved digestibility makes
millet-based foods suitable for children, elderly individuals,
and health-conscious consumers. Novel processing also
improves sensory properties such as taste, texture, and
appearance, increasing consumer acceptance. Millet-based
functional foods prepared wusing advanced processing
technologies support management of lifestyle diseases such as
diabetes, obesity, and cardiovascular disorders.

Future Scope

Research is focusing on combining multiple
processing techniques such as fermentation with extrusion or
enzymatic treatment with ultrasound to achieve maximum
reduction of anti-nutritional compounds. Development of
ready-to-cook and ready-to-eat millet products using
advanced processing technologies is increasing. Integration of
millet processing with nutraceutical and functional food
development provides new opportunities for food industries.
Innovations in processing technologies will help promote
millet consumption globally and support nutritional security.

Conclusion

Millets are highly nutritious cereals with great
potential to improve food and nutritional security. However,
the presence of anti-nutritional factors limits nutrient
bioavailability. Novel processing technologies such as
germination, fermentation, extrusion, ultrasound, enzymatic
treatment, and high-pressure processing effectively reduce
anti-nutritional compounds while preserving nutritional
quality. Adoption of advanced processing technologies
improves digestibility, enhances mineral absorption, and
increases consumer acceptance of millet-based foods. These
innovations support development of healthy, functional, and
value-added products, contributing to sustainable food
systems and improved public health.
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