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Abstract

The study focuses on the formulation and physiochemical analysis of an innovative biscuit enriched
with omega-3 fatty acids using pearl millet whole (Pennisetum glaucum) as a primary ingredient. The
objective is to develop a nutritionally enhanced bakery product that caters to the increasing demand for
functional foods. The biscuits were formulated using a blend of whole pearl millet flour, flaxseed
powder, and chia seeds as natural omega-3 sources. Various formulations were developed and analyzed
for proximate composition, physical properties, sensory evaluation. Results indicate that the
incorporation of omega-3 sources improved the nutritional quality without compromising sensory
attributes.
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Introduction

The formulation and physicochemical analysis of a newly developed omega-3 enriched
biscuit using whole pearl millet involves a comprehensive approach to functional food
innovation, aiming to combine nutritional enhancement with consumer acceptability
(Kouamé et al., 2023) 1. Pearl millet (Pennisetum glaucum), known for its rich content of
fibre, minerals, and antioxidants, serves as the primary flour base, replacing refined wheat
flour to offer a gluten-free and nutritionally superior alternative (Asrani et al., 2023; Tewari
et al., 2023) ! '], The incorporation of omega-3 fatty acids-sourced from ingredients like
flaxseed powder, chia seeds, or fish oil microcapsules-enhances the lipid profile of the
biscuits, targeting the growing demand for heart-healthy snacks (Vijaykrishnaraj et al., 2024)
(151, The formulation process includes optimizing the proportion of pearl millet flour with
binding agents such as eggs or plant-based gums, natural sweeteners, and leavening agents to
achieve the desired texture and palatability (Rajagopal et al., 2024) "I, Physicochemical
analysis plays a critical role in evaluating the quality and stability of the developed product
(Zhou, 2009) "9, Parameters such as moisture content, water activity, ash value, fat content,
protein levels are measured to ensure nutritional adequacy (Poji¢ et al., 2015) P Texture
profile analysis (TPA) is used to assess hardness, cohesiveness, and crunchiness, which are
crucial for consumer satisfaction (Rahman et al, 2021) [ Colour analysis and sensory
evaluation further ensure the product’s market readiness. The omega-3 content is quantified
using gas chromatography, confirming the functional benefit of the biscuit. The results
indicate that the newly developed biscuit is not only nutritionally superior but also meets the
organoleptic standards required for consumer acceptance. Such innovative products represent
a step forward in addressing nutrient deficiencies and promoting health through everyday
dietary choices. This study aims to utilize whole pearl millet flour in the development of a
healthy biscuit product enriched with plant-based omega-3 fatty acids.

2. Materials and Methods

2.1 Ingredients

The formulation of omega-3 enriched biscuits was based on the incorporation of nutrient-
dense and functional ingredients. Pearl millet whole flour served as the primary base,
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known for its high fibre, mineral, and antioxidant content.
To enhance the omega-3 fatty acid profile, flaxseed powder
and chia seeds were incorporated due to their richness in
alpha-linolenic acid (ALA), a plant-based omega-3 source.
Whole wheat flour was used in the control formulation to
provide a comparative standard. Additional ingredients
including baking powder, sugar, salt, and unsalted butter
were utilized to ensure desirable texture, flavour, and
leavening properties in the biscuit formulations. The careful
selection and combination of these ingredients aimed to
achieve both nutritional enhancement and acceptable
sensory qualities in the final product.

2.2 Formulation

Four formulations were prepared

e Control (To): 100% whole wheat flour

e Ti: 50% pearl millet + 50% whole wheat

e T2 70% pearl millet + 20% whole wheat + 10%
flaxseed

e Ti3: 70% pearl millet + 20% whole wheat + 5% flaxseed
+ 5% chia seeds

2.3 Physicochemical Analysis: The physicochemical
properties of the omega-3 enriched biscuits were analyzed
using standard analytical methods to assess their nutritional
quality and stability. Moisture content was determined
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according to the AOAC (2016). Ash content was measured
to estimate the total mineral composition. Crude fat was
extracted using the Soxhlet method, while protein content
was quantified through the Kjeldahl method. Crude fibre
content, important for digestive health, was also determined.
Total carbohydrates were calculated by difference,
subtracting the sum of moisture, ash, fat, protein, and fibre
from 100%. The concentration of omega-3 fatty acids, a key
functional component, was measured using Gas
Chromatography-Mass Spectrometry (GC-MS) to ensure
enrichment accuracy. Additional ingredients such as baking
powder, sugar, salt, and unsalted butter were incorporated in
standard quantities to maintain the structure, flavour, and
palatability of the biscuit formulations.

2.4 Physical Properties

e Diameter, thickness, and spread ratio

e Texture analysis (hardness, fracturability) using a
texture analyzer

2.5 Sensory Evaluation

A panel of 20 semi-trained members evaluated the biscuits
for colour, taste, texture, aroma, and overall acceptability
using a 9-point Hedonic scale.

3. Results and Discussion

Table 1: Nutritional Composition of Biscuit Formulations (Mean+SE)

Parameter To T T2 Ts p-value
Moisture (%) 7.20+0.122 6.50+£0.10° 6.30+0.08° 6.10+0.09® <0.01
Fat (%) 12.50+0.15¢ 13.20+0.18¢ 14.70+0.16° 15.40+0.122 <0.001
Protein (%) 8.10+0.114 8.60+0.10¢ 9.20+0.13° 9.50+0.14» <0.001
Omega-3 (mg/100g) 32.00+1.204 65.00+£2.10¢ 180.00+3.40° 225.00£2.80¢ <0.001
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Fig 1: Nutritional Composition of Biscuit Formulations

The results presented in Table 1 demonstrate significant
differences (p<0.05) in the nutritional composition of the
biscuit formulations (To-T3), highlighting the impact of
incorporating omega-3-rich sources and whole pearl millet
into the product. The moisture content decreased
significantly from 7.20% in TO (control) to 6.10% in T3,
which could be attributed to the hydrophobic nature of lipid-

based omega-3 ingredients and the lower water-holding
capacity of pearl millet flour compared to refined wheat
flour. Similar findings have been reported by Patel er al.
(2018) 1 who observed reduced moisture content in
functional biscuits supplemented with flaxseed powder due
to its oil content and dense matrix (Patel et al., 2018) 181,
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Fat content showed a progressive and significant increase
from 12.50% in TO to 15.40% in T3 (p<0.001). This is
expected due to the deliberate fortification with omega-3-
rich ingredients like chia seeds or flaxseed, which are
known for their high lipid content. Biscuits enriched with
flaxseed and other polyunsaturated fatty acid (PUFA)
sources have shown similar trends, as documented by Sudha
et al. (2007) 41, where flaxseed flour inclusion increased the
total fat content in baked products.

Protein content also increased significantly across the
formulations, ranging from 8.10% in the control to 9.50% in
T3. The rise in protein can be attributed to the nutritional
contribution of both whole pearl millet and omega-3 carriers
such as flaxseed or chia, which are also moderate sources of
protein. Studies by Khan et al. (2020) ¥ on pearl millet-
based composite flours in cookies confirmed similar
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improvements in protein content, enhancing the overall
nutritional profile (Khan et al., 2020) .

Most notably, the omega-3 content increased drastically
from 32.00 mg/100g in TO to 225.00 mg/100g in T;
(p<0.001), clearly reflecting the successful incorporation of
omega-3 sources. This increase aligns with earlier work by
Kaur and Singh (2016) B!, who demonstrated that the
addition of chia seeds in bakery products could significantly
elevate omega-3 fatty acid levels without negatively
impacting sensory characteristics (Kaur and Singh, 2016) 13!,
Overall, the nutritional improvements in T; to Ts
formulations confirm the effectiveness of using whole pearl
millet and omega-3-rich ingredients to develop functional
biscuits with superior health benefits. These enhancements
meet the growing consumer demand for nutritious, heart-
healthy snack options and align with global trends in
functional food development.

Table 2: Sensory Evaluation of Biscuit Formulations (Mean+ SE)

Attribute TO0 (Control) T T T3 Significance
Colour 7.80+0.122 7.65+0.102 7.40+0.15% 7.2540.14> *
Texture 7.5540.13¢ 7.40+0.11% 7.2540.12° 7.10+0.10° *
Flavour 7.35+0.14° 7.60+0.122 7.8540.132 8.10+0.112 *
Aroma 7.2040.13% 7.50+0.122 7.7040.112 7.85+0.102 *
Overall Acceptability 7.3040.15% 7.55+0.14 7.9040.13¢ 8.05+0.122 *
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Fig 2: Sensory Evaluation of Biscuit Formulations

The sensory evaluation data presented in Table 2 provide
critical insights into the acceptability of omega-3 enriched
biscuit formulations using whole pearl millet, in comparison
to the control (TO). The sensory attributes assessed-colour,
texture, flavour, aroma, and overall acceptability-
demonstrate statistically significant differences (*p<0.05)
among the formulations, suggesting that the enrichment
process and ingredient modifications impacted the sensory
characteristics of the product.

Colour scores showed a slight decline from TO (7.80+0.12)
to T3 (7.2540.14), which may be attributed to the natural
darkening effect of pearl millet and added omega-3 rich
components such as flaxseed and chia seeds. This

observation is consistent with the findings of Singh et al.
(2020) 131, who noted that the inclusion of whole grain
flours and functional ingredients can affect the visual appeal
due to Maillard browning and pigment interactions during
baking (Singh, 2020) 3!,

Texture ratings decreased progressively from TO to T3, with
T3 showing the lowest score (7.10+0.10), indicating that
increased levels of fibre and oil content might have
interfered with the desired crispness. This is aligned with
findings by Rekha and Vijayalakshmi (2016) [2!, who
reported that high fibre content in millet-based baked
products can influence hardness and cohesiveness due to
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water-binding capacity (Rekha, M. R., & Vijayalakshmi,
2016) 1121,

Flavour, in contrast, significantly improved in the enriched
formulations, with T3 scoring the highest (8.10£0.11). This
enhancement may be linked to the nutty and earthy notes
imparted by the flaxseed and chia seeds, which are well-
received in baked goods. A similar improvement in flavour
was reported by Patel and Naik (2019) ! in omega-3
enriched cookies, where flaxseed addition enhanced flavour
profiles without overpowering the product (Patel and Naik,
2019) 11,

Aroma followed a similar trend, with T3 (7.850.10)
achieving a significantly higher score than the control. This
could be due to the volatile oils present in omega-3 sources,
which contribute positively to the aroma profile. Goyal et al.
(2014) ' documented comparable results, where the
inclusion of functional ingredients like flaxseed improved
the aromatic quality of biscuits (Goyal, 2014) 1!,

The overall acceptability increased from TO (7.30£0.15) to
T3 (8.05+0.12), reflecting that the improved flavour and
aroma of the enriched formulations outweighed minor
compromises in colour and texture. This supports the
feasibility of incorporating functional ingredients into
traditional snack formulations to enhance nutritional value
without compromising consumer acceptance. Such findings
are corroborated by Kumar et al. (2021), who emphasized
that consumer-driven innovations in functional foods must
balance nutrition and sensory quality for successful market
adoption (Kumar, 2021) 1),

In summary, the sensory evaluation underscores that the
omega-3 enriched biscuits using whole pearl millet are not
only nutritionally advantageous but also organoleptically
acceptable, with the potential for commercial application in
the health snack segment.

Conclusion

The present study successfully demonstrated the
development and evaluation of omega-3 enriched biscuits
using whole pearl millet as the primary flour base, combined
with functional ingredients such as flaxseed powder and
chia seeds. The formulated biscuits exhibited significantly
improved nutritional profiles, particularly in terms of
omega-3 fatty acids, protein, and fat content, without
compromising consumer acceptability. Among the various
formulations, T3 (70% pear]l millet + 20% whole wheat +
5% flaxseed + 5% chia seeds) emerged as the most
nutritionally superior, with the highest enrichment of
omega-3 fatty acids (225 mg/100g), along with enhanced
protein content (9.5%) and acceptable sensory attributes.
Physicochemical analyses confirmed the nutritional
enhancement and product stability, while sensory evaluation
indicated high acceptability in terms of flavour, aroma, and
overall palatability. Although slight changes in colour and
texture were observed due to the inclusion of functional
ingredients, these did not adversely affect consumer
preference. This research highlights the potential of pearl
millet-based omega-3 enriched biscuits as a functional food
product capable of addressing dietary deficiencies and
meeting the rising demand for health-promoting snacks. The
study supports the feasibility of incorporating underutilized
grains and plant-based omega-3 sources in mainstream
bakery products, contributing to both nutritional security
and value addition in food innovation.
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