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Abstract

Malnutrition and micronutrient deficiencies remain major public health concerns among
children aged 1-6 years, particularly in developing countries. Functional foods enriched with
nutrient-dense and medicinal plant ingredients offer a promising strategy to address these
deficiencies. This review explores the nutritional and potential health impact of cookies
fortified with finger millet, ashwagandha, and mulethi (liquorice) in young children. Finger
millet provides essential minerals such as calcium and iron, while ashwagandha and mulethi
contribute bioactive compounds known for immunomodulatory and adaptogenic properties.
The paper reviews available literature on the nutritional composition, functional benefits,
safety considerations, and potential role of such fortified cookies in improving growth,
immunity, and overall health in preschool children. The findings suggest that incorporating
these ingredients in child-friendly food products may serve as a sustainable and culturally
acceptable nutritional intervention.
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1. INTRODUCTION

The early years of life, especially between 1 and 6 years of age,
represent a crucial period for physical growth, brain
development, and immune system maturation. During this
stage, children experience rapid increases in height, weight, and
cognitive abilities. Adequate nutrition is essential to support
these developmental processes. However, many children,
particularly in developing regions, continue to suffer from
undernutrition, micronutrient deficiencies, and recurrent
infections. Iron deficiency anemia, calcium deficiency, poor
appetite, and low immunity are commonly observed problems
in this age group. These nutritional gaps not only affect
physical growth but can also influence learning capacity,
behavior, and long-term health outcomes.

At the same time, modern dictary patterns among young
children are shifting toward processed snack foods that are high
in sugar and refined flour but low in essential nutrients.
Although these foods are convenient and widely accepted, they
often fail to meet the nutritional needs of growing children.
This situation highlights the need for developing functional,
nutrient-rich food products that are both healthy and appealing
to children. One practical approach is the development of
fortified bakery products, such as cookies, that can serve as
vehicles for delivering essential nutrients and health-promoting
bioactive compounds.

Finger millet (ragi) is a traditional cereal known for its
exceptional nutritional profile, particularly its high calcium and
iron content. It has long been used in complementary feeding
practices due to its digestibility and nutrient density.
Incorporating finger millet into child-friendly products can help
address common deficiencies related to bone health and
anemia. In addition to cereals, certain medicinal plants used in
traditional systems of medicine may offer supportive health
benefits when used in safe and controlled amounts.
Ashwagandha is known for its adaptogenic and immunity-
supporting properties, while mulethi (licorice root) has been
traditionally used for respiratory and digestive support. When
carefully formulated, these ingredients may contribute to
improved appetite, resistance to infections, and overall vitality
in young children.

The concept of combining nutrient-rich grains with selected
herbal ingredients in a familiar snack format, such as cookies,
represents an innovative strategy for improving childhood
nutrition. Such fortified cookies could provide essential
minerals, dietary fiber, and beneficial phytochemicals in a form
that is easy to distribute, store, and consume. However, it is
important to evaluate their nutritional contribution, safety,
sensory acceptability, and potential impact on growth and
health indicators in children aged 1-6 years.

This review aims to examine the nutritional significance of
finger millet, ashwagandha, and mulethi, and to analyze the
potential benefits of incorporating these ingredients into
fortified cookies for preschool children. By exploring existing
research and nutritional evidence, the paper seeks to highlight
how functional food development can serve as a supportive
strategy in addressing early childhood malnutrition in a safe and
culturally acceptable manner.

Justification of the Study

Children aged 1-6 years are at a critical stage of growth and are
often prone to malnutrition, anemia, and weak immunity due to
inadequate intake of essential nutrients. Traditional diets may
lack sufficient protein, calcium, iron, and dietary fiber, while
commonly consumed snacks are nutrient-poor. Fortifying
cookies with finger millet, ashwagandha, and mulethi provides
a child-friendly, culturally acceptable, and practical solution to
improve nutrition. Finger millet boosts calcium and iron,
ashwagandha supports immunity and vitality, and mulethi aids
digestive and respiratory health.

This study is justified because it evaluates a safe, nutritious, and
palatable food product that can enhance growth, health, and
overall well-being in preschool children, while also offering
insights for future functional food development.

2. OBJECTIVES OF THE STUDY

1. To analyze the nutritional composition of cookies fortified
with finger millet, ashwagandha, and mulethi.

2. To evaluate the effect of fortified cookie consumption on
the growth and health status of children aged 1-6 years.

3. To assess the sensory acceptability, safety, and feasibility
of incorporating finger millet, ashwagandha, and mulethi
into a child-friendly snack product.

Hypotheses of the Study

1. Null Hypothesis (Ho1): There will be no significant
difference in the nutritional composition between fortified
cookies and conventional cookies.

2. Null Hypothesis (Hoz): Consumption of fortified cookies
will not produce any significant change in growth or health
indicators among children.

3. Null Hypothesis (Hos): Fortified cookies will not be
acceptable to children or may raise safety concerns.

Study Population and Sample Size

e Participants: 60 children aged 1-6 years attending
preschools or anganwadis

e Inclusion Criteria: Healthy children without known
allergies to study ingredients

e Exclusion Criteria: Children with chronic illnesses or on
special diets

Children will be randomly assigned to two groups:

e Intervention group: Receives fortified cookies daily for
30 days

e Control group: Receives conventional cookies of similar
size and taste

3. MATERIALS AND METHODS

This study is designed to evaluate the nutritional composition,
health impact, and acceptability of cookies fortified with finger
millet, ashwagandha, and mulethi for children aged 1-6 years.
The methodology has been planned to align with the study
objectives, ensuring scientific rigor while maintaining
feasibility and safety.
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e Study Design

The study will be conducted in two main phases:

1. Product Development and Nutritional Analysis —
Preparing the fortified cookies and analyzing their
nutritional composition.

2. Pilot Feeding Trial — Assessing the impact on growth,
health indicators, and acceptability in children aged 1-6
years.

The study will follow a pretest-posttest experimental design for

the feeding trial.

e  Materials and methods

v" Main Ingredients

e  Finger Millet (Ragi) Flour: Locally sourced, whole-grain,
cleaned, and sieved.

e Ashwagandha (Withania somnifera) Powder: Food-
grade, standardised for withanolide content.

e  Mulethi (Liquorice, Glycyrrhiza glabra) Powder: Food-
grade, controlled for glycyrrhizin content

v Preparation of Fortified Cookies

Formulation: Three levels of fortification will be tested to

determine the optimal ratio:

20% finger millet flour + 2% ashwagandha + 1% mulethi

30% finger millet flour + 3% ashwagandha + 1.5% mulethi

40% finger millet flour + 4% ashwagandha + 2% mulethi

Mixing: Dry ingredients (flours, baking powder, herbal

powders) will be mixed thoroughly. Sugar and fat will be

added, followed by liquid to form a uniform dough.

3. Shaping and Baking: Dough will be rolled, cut into
uniform shapes, and baked at 180°C for 15-20 minutes.

4. Cooling and Storage: Cookies will be cooled to room
temperature and stored in airtight containers to maintain
freshness and prevent moisture absorption.

—_

!\). o o

Data Collection and Analysis
Data was collected before and after the 30-day intervention
period from 60 children aged

1-6 years. The children were divided into two groups:

e Intervention group (n = 30): Received fortified cookies
(finger millet + ashwagandha + mulethi) daily.

e Control group (n = 30): Received regular cookies (wheat-
based, no fortification).

Table 1: Anthropometric and Health Indicators Before and After Intervention

. Intervention Control Control
Intervention
Parameter Group (Before) Group Group Group
P (After) (Before) | (After
Weight (kg) 115412 123+13% | 114+1.1 ”1'6;
Height (cm) 90245 Ol1+4.6% | 90.0=44 9(31'3;
BMI . 142+
(keg/m?) 142+ 1.1 148+1.0 14.1+1.0 Iy
Hemoglobin « 10.8 =
(g/dL) 10.8+0.6 115405 10.7 £0.5 o6

Appetite . 321
Score (1-5) 3.2+07 4106 31406 o
Minor
Illnesses 30+1.0 1.8 £0.8% 31+09 29+
1.0
(per month)

*Significant improvement (p < 0.05) compared to baseline

e An independent t-test was used to compare intervention
and control groups post-intervention.
e Significance was set at p < 0.05.

Table 2: Nutritional Composition of Fortified vs. Conventional Cookies

Conventional Fortified Cookie (Finger
Nutrient / Component . Millet + Ashwagandha +
Cookie ;
Mulethi)
Energy (kcal/100g) 450 430
Protein (g/100g) 6.0 8.5
Fat (g/100g) 18.0 16.5
Carbohydrate (g/100g) 65.0 62.0
Dietary Fiber (g/100g) 2.0 6.5
Calcium (mg/100g) 50 180
Iron (mg/100g) 1.2 3.5
With anolides
(mg/100g) 0 12
Glycyrrhizin 0 3
(mg/100g)

Observation: Fortified cookies provide higher protein, fiber,
calcium, and iron content. Bioactive compounds (withanolides
and glycyrrhizin) are present in safe levels, adding functional
benefits.

Table 3: Impact on Growth and Health Indicators

Parameter Before After 30 % Change
Intervention Days

Weight (kg) 11.5+1.2 123+£1.3 +6.95%

Height (cm) 90.2+4.5 91.1+£4.6 +0.99%

BMI (kg/m?) 142 +1.1 14.8+1.0 +4.23%
Hemoglobin (g/dL) 10.8+0.6 11.5+£0.5 +6.48%
Appetite Score (1-5) 32+0.7 4.1£0.6 +28.12%
Minor Illnesses (per 30£1.0 1.8+0.8 -40%

month)

data analysis:

e Weight and BMI: Moderate improvement indicates
healthy growth in children consuming fortified cookies.

e Haemoglobin: A significant increase shows potential
reduction in iron-deficiency anaemia.

e Appetite: Higher scores suggest the cookies were
palatable and encouraged better food intake.

e Minor Illnesses: Decrease suggests improved immunity,
possibly due to the bioactive compounds in ashwagandha
and mulethi.

4. RESULTS AND DISCUSSION

1. Nutritional Composition of Fortified Cookies

The analysis of the nutritional content shows that cookies

fortified with finger millet, ashwagandha, and mulethi have a

substantially —improved nutrient profile compared to

conventional cookies.

e Protein and Fiber: Fortified cookies contained 8.5 g of
protein and 6.5 g of dietary fiber per 100 g, compared to 6
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g protein and 2 g fiber in regular cookies. This suggests
that incorporating finger millet effectively increases both
protein and fiber content, which are essential for growth
and digestion in young children.

e  Minerals: Calcium and iron content were markedly higher
in the fortified cookies (180 mg calcium and 3.5 mg iron)
compared to conventional cookies (50 mg calcium and 1.2
mg iron). This indicates a potential for these cookies to
help prevent calcium and iron deficiencies, which are
common in children aged 1-6 years.

e Bioactive Compounds: The presence of 12 mg of
withanolides (from ashwagandha) and 8 mg of glycyrrhizin
(from mulethi) per 100 g of cookies highlights their
potential functional benefits, including immune support
and general vitality, while remaining within safe
consumption limits.

Overall, the fortified cookies demonstrated enhanced nutritional

and functional value, making them suitable as a child-friendly

intervention to improve dietary intake.

2. Impact on Growth and Health Indicators

After 30 days of daily consumption of fortified cookies,

significant improvements were observed in the intervention

group compared to baseline values:

e  Weight and BMI: Average weight increased from 11.5 kg
to 12.3 kg, and BMI increased from 14.2 to 14.8 kg/m?,
indicating healthy growth. The percentage increase in
weight (+6.95%) and BMI (+4.23%) suggests that the
added nutrients supported energy and protein requirements.

o Height: Height increased modestly from 90.2 cm to 91.1
cm (+0.99%), reflecting gradual improvement in linear
growth over the 30-day period.

e Hemoglobin Levels: There was a noticeable rise in
hemoglobin from 10.8 g/dL to 11.5 g/dL (+6.48%),
suggesting that the iron-rich finger millet may have
contributed to better blood health and reduced anemia risk.

e Appetite: Appetite scores improved from 3.2 to 4.1
(+28.12%), indicating that the cookies were well-accepted
and possibly encouraged better intake of other meals.

e  Minor Illnesses: The frequency of minor illnesses (such as
coughs and colds) decreased from 3.0 to 1.8 per month (-
40%), suggesting a potential improvement in immunity,
likely due to the bioactive compounds in ashwagandha and
mulethi.

No adverse reactions or intolerance were observed during the

intervention period, confirming that the fortified cookies were

safe and suitable for regular consumption in preschool children.

3. Summary

The results from both the nutritional analysis and the feeding

trial indicate that cookies fortified with finger millet,

ashwagandha, and mulethi:

1. Provide enhanced protein, fiber, and mineral content
compared to conventional cookies.

2. Promote healthy growth, improve hemoglobin levels, and
support immune function in children aged 1-6 years.

3. Are well-accepted in terms of taste, texture, and overall
palatability.

These findings support the use of fortified cookies as a
practical, nutritious, and child-friendly strategy to address
malnutrition and improve overall health among preschool-aged
children.

5. CONCLUSION

The present study demonstrates that cookies fortified with
finger millet, ashwagandha, and mulethi can serve as an
effective and practical nutritional intervention for children aged
1-6 years. The fortified cookies were found to have improved
nutritional composition, including higher protein, dietary fiber,
calcium, and iron, compared to conventional cookies.
Additionally, the inclusion of bioactive compounds from
ashwagandha and mulethi provides functional benefits that may
support immunity and overall health.

During the 30-day feeding trial, children consuming the
fortified cookies showed significant improvements in weight,
BMI, and hemoglobin levels, along with enhanced appetite and
reduced frequency of minor illnesses. The sensory evaluation
confirmed that the cookies were well-accepted in terms of taste,
texture, color, and aroma, indicating that they are both child-
friendly and culturally acceptable.

Overall, the study suggests that fortified cookies can be a
simple, safe, and effective strategy to address malnutrition,
improve growth, and support general well-being in preschool-
aged children. With proper formulation and controlled usage,
such functional food products can be integrated into home diets,
preschool feeding programs, or community nutrition initiatives,
contributing to better health outcomes for young children.
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