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Abstract

Energy bars are compact, nutrient-dense, shelf-stable foods with significant potential to reduce physiological decline during
spaceflight. In long-duration missions, factors such as limited payload capacity, metabolic changes, bone demineralization, and
radiation-induced oxidative stress require the development of specific functional countermeasures. The goal of this study was to
create and test functional energy bars made from climate-resilient, plant-derived indigenous ingredients rich in essential
macronutrients, micronutrients, and bioactive substances that would be suitable for future long-duration flight profiles. Raw
materials were systematically cleaned, sorted, graded, and processed via controlled thermal roasting and precision milling to
regulate moisture activity. Four distinct formulations (Samples A, B, C, and D) were developed by modulating the ingredient
ratios to optimize caloric density, antioxidant defense, and structural integrity. The resulting composites were homogenized,
molded, stabilized via controlled thermal setting (28°C for 6 hours), and portioned into standardized 40g square rations.
Proximate composition, caloric density, and organoleptic viability were determined, with sensory acceptability evaluated via a
5-point hedonic scale. The developed formulations exhibited a mean caloric density of 216kcal per 40g serving, which aligns
with the strict aerospace mass-to-energy constraints. Sensory data revealed that Formulations A and B achieved significantly
higher scores for overall acceptability compared to formulations C and D. These findings demonstrate that precisely engineered
energy bars derived from indigenous ingredients offer a palaTable, highly nutritious countermeasure for microgravity
environments while providing high-performance applications on Earth.
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1. Introduction

In line with its mission, the National Space Research and the development, production, and packaging of indigenous
Development Agency (NASRDA) has made significant foods to meet the nutritional needs of Nigerian astronauts.
strides toward joining other spacefaring countries in launching Long-duration missions require foods that combine high nu-
the first Nigerian astronaut into space. The Nigerian Astronaut trient density, long shelf life, minimal mass/volume penalty,
Program has developed its space food program, which entails accepTable sensory properties, and physiological benefits that
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may help counteract the effects of microgravity and space ra-
diation. Reviews of space food systems highlight the need not
only for macronutrients, vitamins, and minerals but also for

bioactive non-nutrients (polyphenols, flavonoids, antioxidants)
that may mitigate oxidative stress and inflammation [9].

WHY ENERGY BARS MATTER IN SPACE: FROM CHALLENGES TO BENEFITS

ENERGY BARS AS NUTRITIONAL SOLUTION
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Figure 1. Conceptual framework.

Energy bars are supplemental food products containing ce-
reals, micronutrients, and flavor ingredients intended to pro-
vide quick energy [6]. They are well-balanced, handy, and
healthy snacks that provide appropriate nutrient proportions
[21]. Historically, energy bars were engineered specifically for
the aerospace sector as non-frozen, shelf-sTable snacks de-
signed to provide astronauts with concentrated energy and es-
sential nutrition. The bars were compact, slim, and easy to
carry, so the astronauts used to keep them in their helmets. The
energy bars later became popular amongst sportsmen, athletes,
bodybuilders, and women for providing instant energy and en-
hancing their performances. Energy bars are prepared with a
variety of nutritious ingredients, including cereals, rolled oats,
dried fruits, nuts, seeds, and more. The bars come in multiple
varieties and are known by various names, such as protein bars,
granola bars, meal replacement bars, breakfast bars, health
bars, and fruit bars [2]. Fruit bars are commonly favored for
their delecTable flavor, texture, and simple packaging [21].
These days, there are hundreds of varieties of portable snack
bars on the global market, including balanced, protein-en-
riched, cereal breakfast replacement, and brain-boosting bars
[6]. The market for snack bars has expanded significantly over
the last ten years; by 2025, it is predicted to reach USD 19
billion from USD 15 billion in 2019 [14].

Typically, an energy bar weighs between 30 and 50 g and
provides about 200-300 Cal (840-1,300 kJ), 3-9 g of fat, 7-15
g of protein, and 20-40 g of carbohydrates. To provide energy
quickly, most carbohydrates are in the form of sugars such as
fructose, glucose, [4] and maltodextrins, and are combined
with complex carbohydrate sources, such as oats or barley. En-
ergy bars serve a wide variety of uses, including providing an
energy source, serving as meal replacements in weight-loss
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diets, serving as snacks, and treating malnutrition [5]. Every
fruit included in an energy bar enhances its own taste character
and nutritional composition [19]. Protein-enriched fruit-based
energy bars serve as a convenient snack to fulfil nutritional
needs, enhance muscular development, and alleviate transient
hunger [1]. Incorporating protein into food products provides
consumers with healthier alternatives and health benefits [10].
Despite the countless formulations developed to date, certain
bars available on the market still fail to attain a generally ac-
cepTable flavor. [18]. In the development of new food prod-
ucts, it is essential to enhance both sensory and functional at-
tributes to ensure acceptability and superior quality. The prem-
ise was to obtain bars with elevated nutritional value. The ob-
jective of the study was to create high-energy bars using local
organic products and health-promoting ingredients, like dried
fruits, cereals, and nuts. The results from this study are ex-
pected to advance the development of a Nigerian Astronaut
menu and address the evolving consumer demands.

1.1. Nutritional and Health Benefits of
Ingredients Used in the Formulation

Cereals are grasses grown for their starchy, edible grains,
which are a vital staple food globally. Oats, wheat, rice, oats,
and maize are typical examples. Although they are frequently
eaten as processed breakfast cereals, the word "cereal" also
refers generally to the raw grains that are essential to both hu-
man and animal diets. Oats are rich in protein, dietary fiber,
various B vitamins, and key minerals [24], with a 100 g serv-
ing providing approximately 389 calories. Consuming oat
products regularly lowers blood levels of total cholesterol [23]
and low-density lipoprotein [23, 24] and ultimately reduces
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the risk of cardiovascular diseases [25]. Oats in a diet decrease
blood lipids and lower the BMI in obese people [25].

The inclusion of cereals can substantially improve the nu-
tritional profile of the energy bars, enhance the texture, and
extend shelf life by absorbing moisture, thereby inhibiting mi-
crobial growth [2].

Nuts and seeds are rich in healthy proteins, fiber, lipids, vit-
amins, and minerals, which promote cardiovascular health by
lowering blood pressure and cholesterol. This formulation
contains almonds, sunflower seeds, which are rich in selenium,
magnesium, and vitamin E, known to reduce oxidative stress
and boost immunity, sesame seeds, flaxseed, which is loaded
with omega-3 fatty acids that help reduce inflammation and
promote heart health, and chia seeds, which are rich in antiox-
idants, omega-3s, and protein, which collectively boost energy.
The fiber supports glycemic control and gastrointestinal func-
tion, while the satiating quality aids in weight management.
Seeds are an important part of a well-balanced diet because of
their rich antioxidant, phytochemical, and anti-inflammatory
contents. Combining seeds with nuts such as almonds, walnuts,
and cashews provides the quintessential sustained energy [12].
Nuts supply healthy fats and protein, whereas seeds contribute
fiber and minerals, collectively offering a balanced and sus-
tainable energy source. This combination not only sustains en-
ergy levels but also fulfills cravings healthily, diminishing the

inclination to excessively indulge in fried or sugary foods [12].

Dried fruits like Mango, pineapple, and strawberries used
in this energy bar are rich in carbohydrates, dietary fiber, and
essential minerals such as potassium, magnesium, and iron.
They also contain vitamins, notably B vitamins and variable
vitamin C, and are concentrated sources of polyphenols and
antioxidants [7, 26]. Their nutrient density per gram makes
them advantageous in spaceflight, where mass and volume are
limited. Dried fruits function as natural binders for ingredients
while delivering an immediate and prolonged supply of rap-
idly digestible carbs, vital vitamins, and dietary fiber without
dependence on refined sugars [3]. They impart a sticky, mal-
leable consistency, and when incorporated into energy bars,
they bind the oats, seeds, and nuts into cohesive bars, main-
taining their form at ambient temperature [26]. Dried fruits in-
clude naturally occurring carbohydrates such as fructose and
glucose, providing a rapid energy release [3]. This renders
them optimal for pre-workout or intra-workout snacking, as
muscles can swiftly use this glycogen for energy without the
gastrointestinal discomfort frequently associated with com-
mercial sports gels [3]. Due to their retention of natural dietary
fiber, dried fruits mitigate rapid blood sugar fluctuations and
subsequent declines. This generates a consistent flow of en-
ergy instead of the reactive hypoglycemia linked to refined
sweets [3].

INGREDIENT COMPOSITION
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These ingredients were selected to provide high energy, essential nutrients,
antioxidant protection and overall physiological resilience in space.

Figure 2. Some ingredients used in the formulations.
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Natural sweeteners such as maple syrup and date syrup are
increasingly studied as healthier alternatives to refined sugar
in food formulations, including potential applications in space
missions. [16]. Their appeal lies not only in their sweetness
but also in their additional nutritional, functional, and sensory
properties. Recent studies provide new insights into their
chemical composition, health benefits, storage stability, and
role in food product development. Maple syrup contains car-
bohydrates [11], primarily sucrose, along with phenolic com-
pounds, organic acids, amino acids, and minerals such as po-
tassium, calcium, zinc, and manganese [11, 17]. Its richer min-
eral and bioactive composition make it a more nutritionally
advantageous choice than refined sugar [27]. Date syrup, de-
pending on the variety, is rich in phenolic compounds [20],
flavonoids, condensed tannins, and essential minerals. Recent
profiling of Algerian date varieties [22] confirmed strong an-
tioxidant activity linked to these bioactive compounds.

Functional additives, such as extracts from fruits, plants, or
seeds, considerably enhance phytochemicals like phenolic ac-
ids and flavonoids, resulting in a substantial boost in the anti-
oxidant capacity of the date bars [2]. Incorporating dry items
like grains can augment protein content and accessibility. Oats
can improve the amino acid profile, as cereals are recognized
for their substantial fiber content, particularly due to their
high-quality fibers, such as f-glucan [2]. Energy bars enriched
with substantial quantities of minerals and vitamins can be
produced through the incorporation of cereals.

Sensory qualities are critical determinants in the adoption
of any newly developed food product. The use of flavor-inten-
sive foods such as nuts and dried fruits, in addition to their
nutritional benefits, can enhance the sensory appeal of date
bars in terms of taste, flavor, aroma, and color [2]. The roasted
components like cereals, dried fruits (mostly coconut flakes),
and nuts markedly enhance the sensory characteristics of
aroma, taste, and flavor. Nonetheless, the use of elevated tem-
peratures may affect the bioavailability of certain micronutri-
ents; therefore, these procedures should be performed at ap-
propriate durations and temperatures [2].

1.2. Benefits of Energy Bars for Astronauts

1) Energy bars can serve as a sustainable, performance, and
energy-dense meal option. A high calorie content (about
300-500 kcal per bar) is necessary for space missions
where food mass and volume are restricted, since it de-
livers compact, lightweight energy.

2) The amount of macro- and micronutrients present in the
energy bars can help improve healthy microbiomes, sup-
port the immune system of the astronauts, and also im-
prove nutrient absorption.

3) The bars can help to maintain digestive health and bowel
regularity, reducing constipation, which is a common
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problem for astronauts.

4) The ingredients used, like whole grains, seeds, nuts, and
fruits, provide polyphenols, omega-3, and antioxidants,
which help to reduce oxidative stress from space radia-
tion and microgravity-induced inflammation.

5) The calcium and vitamin D present in the formulation
can contribute to maintaining muscle mass and bone
density, which are typically affected in microgravity.

6) Psychological and sensory benefits, having flavorful,
chewy snacks provides comfort and variety, supporting
mental health and morale on long missions.

2. Aim and Objectives

This study aims to design and formulate indigenous energy
bars specially modified to provide the specific dietary require-
ments of astronauts, which will be achieved through the fol-
lowing objectives:

1) To identify indigenous Nigerian ingredients that can pro-

vide the nutritional needs of astronauts.

2) To design, formulate, and process the energy bar using

specific space food criteria.

3) To carry out descriptive sensory evaluation for consumer

acceptability of the energy bars.

3. Materials and Methods

The design and formulation of four (4) energy bar variants,
consisting of different caloric and nutrient-dense ingredients,
involved selecting locally grown ingredients based on their
nutrient profiles, energy, and health benefits. The steps in-
volved in the study are detailed below:

1) Selection, procurement, and preparation of ingredients.

2) Recipe formulations.

3) Processing and development of energy bars.

4) Sensory Evaluation.

3.1. Procurement and Preparation of
Ingredients

The basic materials/Food produce were sourced from Utako
food market in Abuja, while other ingredients were sourced
from the grocery store in August, 2022. The seeds and nuts
were cleaned, sorted, graded, and stored in glass jars. This was
done quickly to avoid compositional and quality disparities.

3.2. Recipe Formulations

The recipes for the 4 energy bar variants were formulated
by altering binding agents and ingredient proportions.
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Table 1. Ingredients and formulated recipes for the 4 energy bars.

Ingredients Scientific Name Sample A Sample B Sample C Sample D
Rolled oats Avena sativa L. v 4 v
Maple syrup - v

Honey - v v
Flaxseeds Linum usitatissimum v v v
Chia seeds Salvia Hispanica v v v
Almonds Prunus dulcis v v v
Sunflower seeds Helianthus annuus v 4 v
Coconut flakes Cocos nucifera v

Coconut almond butter Cocos nucifera Prunus dulcis v

Coconut oil Cocos nucifera v
Dates Phoenix dactylifera v v

Dried fruits (Mango, Pineapple, Straw- Mangifera indica Ananas comosus Fragaria x v
berry) ananassa

Sesame seeds Sesamum indicum v v
Cashews Anacardium occidentale v

Raisins Vitis vinifera v v

Cranberries Vaccinum oxycoccus v (4

Table 1 shows the ingredients used in each sample Energy bar variant.

3.3. Processing of Energy Bars
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Figure 3. Preparation of Energy Bars.
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The preparation of the energy bars followed a standardized
protocol across four distinct formulations (Table 1). The pro-
cess focused on texture optimization and ingredient integra-
tion through the following steps:

1) Pre-processing dry ingredients: Ingredients were sorted,
washed, and weighed in preparation for processing. Oats
were roasted for several minutes to enhance flavor and
reduce moisture. Simultaneously, nuts and seeds were
pulsed in a food processor to achieve a uniform particle
size suitable for the bar's matrix.

2) Binding and homogenization: Sweeteners were incorpo-
rated into the dry mixture and blended thoroughly to en-
sure a homogenous, dough-like consistency and even
nutrient distribution.

3) Molding and leveling: The composite mixtures were
transferred to a glass baking pan and leveled with a spat-
ula to maintain a consistent height and uniform density
for the formulated bar.

4) Thermal stabilization: The molded dough was refriger-
ated for six hours at 28°C to set the structure and finalize
the textural profile.

5) Cutting and weighing: The mixture was then separated into

4. Results and Discussion

40 square bars, each weighing about 40 g. Each of the four
energy bar variants of 40g bar had a calorific content of
about 216 kcal. Each bar was put in a sterile container and
labelled before being used for sensory evaluation.

3.4. Sensory Evaluation of Energy Bars

As part of a single-blind sensory investigation, a conven-
ience sample of the formulated energy bars was given to a
group of participants from the life sciences department of
NASRDA. The samples were labeled A, B, C, and D. With no
prior knowledge of the contents of these bars, each participant
had the opportunity to taste all four energy bars and provide
their own comments based on their impressions. Using self-
administered questionnaires, the sensory evaluation partici-
pants scored the acceptability of each energy bar based on ap-
pearance, taste, texture, and overall acceptability. Microsoft
Excel was used to clean and code the data extracted from the
questionnaires. Statistical software was then used to transcribe
the coded data for descriptive analysis. Results of the descrip-
tive analysis are included in the write-up.

Table 2. Summarizes the sensory analysis findings in terms of hedonic ratings.

5-Point Hedonic Rating Scale (40 panelists)

Food characteristics

Sample A Average Sample B
Appearance 190 4.8 181
Taste 183 4.6 171
Texture 184 4.6 173
Overall Acceptability 187 4.8 169
Sample A Sample B Sample C
Appearance 4.8 4.5 3.8
Taste 4.6 4.3 4.1
Texture 4.6 43 3.8
Overall Acceptability 4.8 4.2 3.9

Table 2: 5-point Hedonic Record sheet for sensory evaluations
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Appearance, Taste, Texture, Overall Acceptability

Average Sample C Average Sample D Average
4.5 152 3.8 132 3.6

43 163 4.1 132 3.6

4.3 151 3.8 155 43

4.2 156 39 127 3.5
Sample D

3.6

3.6

43

3.5
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Energy Bars Sensory Evaluation (5-point Hedonic
scale)
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Figure 4. Cumulative Sensory Evaluation of Energy Bars.

Sensory or organoleptic evaluation is the examination of a
food or non-food product based on the properties detecTable
to the five human senses, such as fragrance, color, noise, taste,
and texture [13]. Humans rely on their senses to receive infor-
mation about food from the moment they see it until they con-
sume it, and even thereafter, through retro-nasal odor and af-
tertaste [8]. Preference and hedonic tests are affective sensory
tests that assess a product's approval among naive panelists.
The hedonic assessment provides instant feedback on a newly
created product's capability and likelihood of success [15].

The Table demonstrates that Sample A represents the most
optimized formulation from a sensory standpoint, achieving
superior performance across all evaluated parameters. Sample
B may serve as a viable alternative with accepTable quality,
whereas Samples C and D would require further formulation
adjustments to improve their sensory profiles. These findings
underscore the importance of balancing multiple sensory at-
tributes in product development, as deficiencies in a single pa-
rameter can significantly influence overall acceptability.

5. Conclusion

The design and formulation of these energy bars, tailored
specifically for Nigerian astronauts, represents a significant
advancement in the development of indigenous space-grade
nutrition. The results of the present investigation indicate that
Sample A was the most preferred among the sensory evalua-
tion panelists, achieving the highest scores for appearance,
taste, texture, and overall acceptability. However, Samples B,
C, and D exhibited a more diverse profile of ingredients and
superfoods, making them higher in nutritive value. These for-
mulations may offer superior physiological benefits, particu-
larly in supporting gut health, a critical consideration for
maintaining the microbiome in extreme microgravity environ-
ments. Strategies for developing a balanced, nutrient-rich, and
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effective energy bar with appealing sensory attributes for con-
sumers, including the elderly, children, and athletes, are in
progress.

6. Recommendations for Future
Considerations

To ensure the viability of these energy bars for long-dura-
tion space missions, the following research and development
priorities are identified:

1) Extended Stability Testing: A comprehensive shelf-life
study is required to establish the precise duration for
which the bars remain safe and nutritionally intact. The
assessment would evaluate the product’s resilience
against degradation over time under simulated mission
conditions.

2) Caloric Optimization: The formulation would be refined
and adjusted to increase caloric density. Optimizing en-
ergy content is essential to support the high metabolic
requirements of astronauts while minimizing the total
mass of the food payload.
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