International Journal of Enhanced Research in Science, Technology & Engineering
ISSN: 2319-7463, Vol. 14 Issue 1, January-2025

Short Overview on Space Nutrition

Shreya Mane

Department of Research and Development, Astroex Research Association, Deoria-274001, India

ABSTRACT

Food and nutrition have always played a significant role in determining the success—or failure—of exploration
expeditions. Food that satisfied the dietary requirements of astronauts and was wholesome, nourishing, and
delicious was necessary. In recent decades, humans have carried out a large number of space flights, and the
success of these operations depends on a variety of criteria, the primary one being astronaut health. Nutrition
and well-being are: Food provides two essential elements for life: nutrition and energy. It keeps people alive,
nourished, and energized—including astronauts on extended manned trips. The purpose of space exploration
must be completed, but the explorers® lives must come first. Maintaining the astronauts' health, vitality, and
happiness throughout extended manned missions has emerged as a significant field of study in recent years. It
appears that a significant factor is the food they consume. Food could be carried from Earth by astronauts on
short-term manned space missions, but for long-term space missions that are currently being researched to the
Moon, Mars, and Venus, astronauts will need to find other ways to survive, like growing plants, to sustain
themselves. Astronauts who eat healthily can maintain good physiology and psychology. Solutions for providing
astronauts with food during extended missions to the Moon, Mars, and Venus—where the atmosphere, gravity,
soil, radiation, and other factors differ and may not support plant germination, growth, and development—will
be discussed in this paper.
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INTRODUCTION

Food provides the body's constant supply of nutrients, which are necessary for maintaining life on Earth and in space,
to every cell in the human body. It is an undeniable reality that all human explorations—space exploration included—
have been significantly impacted by diet [1]. For many years, people have been fascinated with space exploration, and
they have successfully conducted multiple space missions. Humans have spent decades immersed in space exploration,
and they have accomplished several noteworthy spaceflight missions. There are still a lot of unfinished missions in the
future; nevertheless, several considerations, like astronaut nutrition in space, must be taken into account to accomplish
these missions [2]. The process of eating and using food that is necessary for development and growth is known as
nutrition. Thus, the process of collecting food in space that is essential for the growth and development of the human
body is known as "space nutrition" [3].

The desire to explore space is fueled by political, scientific, and cultural imperatives. The cultural imperative is
reflected in humanity's inbuilt need to push limits and enter new areas to obtain a sense of advancement and shared
accomplishment. This innate human will explore and progress appears to stem from a basic survival impulse. The need
for science stems from humankind's need to comprehend its environment, whether to arouse natural curiosity, obtaining
pecuniary gain, or allaying dread of the unknown.

Given the extensive historical documentation of scientific thought, observation, and experimentation, this could be yet
another example of the same basic human nature trait. We now understand that researching the surroundings of our
solar system and seeing phenomena in deep space are the only ways to find answers to some of the most important and
fundamental questions about our origins and future [4].

A range of food items that have been properly prepared and processed for astronaut ingestion in space is known as
"space food." Since the process of supplying or obtaining the food required for growth and health is known as nutrition,
the process of providing or obtaining the food required for health and growth in space is known as space nutrition.
Space exploration is not an exception to the rule that nutrition has been crucial to exploration throughout history. A
challenge for space travellers has always been how to bring enough food for their trips because there hasn't been
enough room for storage. The proper ratio of nutrients is needed for long-term spaceflight in order to maintain health
and protect against the consequences of microgravity. Maintaining a sufficient nutrient intake during spaceflight is
critical for two reasons: first, it helps offset the detrimental effects of space travel on the human body and prevents
deficiency diseases. In other words, food must remain edible throughout the journey and must contain all the nutrients
needed to prevent illness.
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Astronaut Nutrition

Human physiology is impacted by spacecraft, the space environment, and weightlessness itself. To maintain a habitable
environment, one needs access to clean water, clean air, and efficient waste-collecting systems. Getting enough energy
is arguably the most crucial component of astronaut nutrition [5]. This is because, in general, if enough food is ingested
to meet energy needs, then other nutrients will also be consumed in adequate proportions. Additionally, energy is more
important than other nutritional components in and of itself.

Nearly every system in the body is impacted by weightlessness, including the heart, blood vessels, bones, muscles, and
neurons. Maintaining a caloric intake during spaceflight involves numerous factors, such as energy needs,
physiological changes in taste and satiety, scheduling challenges related to setting aside time for meal preparation,
consumption, and clean up, food quality, and even food availability.

Space Food

A range of food items that have been carefully prepared and processed for astronauts to eat while they are in space is
known as “space food." The food must meet certain criteria to meet the needs of astronauts operating in low-gravity,
machinery-filled spaces: it must provide a complete diet while being simple and safe to make, store, and eat [6].

The gastronomic equivalent of space travel, space food represents an incredible combination of engineering, science,
and cooking. It goes beyond the traditional boundaries of terrestrial cuisine, specifically designed to fulfill the
particular demands of space travel. Every bite is painstakingly crafted to provide vital nutrients while overcoming the
difficulties of protracted storage and microgravity. Space meals have a longer shelf life than typical perishables since
they are sealed in special packaging. Whether in the form of ready-to-eat pouches or dried powders that need to be
rehydrated, these celestial treats provide nourishment without sacrificing flavor or nutrients. Advancements in space
food technology consistently expand the realm of possible cuisine, providing comfort and diversity in the vastness of
space. Everything from crumb-free recipes to customized meal plans is painstakingly designed to promote astronauts'
physical and mental health as they set out on missions to the farthest reaches of space. It's difficult to prepare meals to
consume while in weightlessness. Crumbs are prohibited because they can float around the cabin and get stuck in air
vents, instruments, or someone's eye or nose. Additionally, packaging and meals are made to minimize the issue of
food floating away during astronaut consumption in space. Trash is another difficulty for those creating food systems.
Compressible wrappers and empty packages are necessary to reduce the quantity of waste on board the spacecraft.
There are extremely few opportunities to remove trash from the vehicle since the garbage truck doesn't stop by the
International Space Station.

Actually, waste is only disposed of during spacecraft visits to and departure from the International Space Station (ISS),
such as the Space Shuttle, Soyuz capsules, and other cargo vehicles. Trash must be as compact as possible because
even these vehicles have a limited amount of space. This occurs around once a month. These are but a handful of the
difficulties in creating space meals. The NASA Space Food Team performs an excellent job of creating meals that
astronauts will enjoy while in space and of solving these obstacles.For space travelers, food storage is a major concern.
Food on the ISS had to be "shelf stable™ and not expected to decay for at least six to twelve months because, up until
recently, there were no freezers or refrigerators for food. A Mars mission's food supply must be consistent for up to five
years. Microgravity Experiment Research Locker/Incubator, or MERLIN, is a miniature refrigerator-freezer that was
recently launched to the International Space Station. It is useful for storing a tiny quantity of fresh food and beverages.
This is particularly useful for drinks, which have typically been served at room temperature.

The packaging and design of space food differ significantly from ordinary food. Food in space needs to be tightly
controlled to prevent it from floating around in the microgravity, or low gravity, environment. In zero gravity, even
seemingly harmless objects like a few crumbs might become lethal. Loose food fragments can lodge in shuttle vents or
drift into an astronaut's mouth or nose, posing a choking or breathing hazard. Drinks including coffee, orange juice,
apple cider, and tea are packaged as powders since liquids can float away as well. To rehydrate themselves, astronauts
dilute the included beverages with water.

Food in space is packaged, just like it is on Earth, and needs to be thrown away. When the astronauts finish eating, they
have to put their packages in a garbage crusher within the space shuttle. Some packaging stops food from flying off.
When storing or discarding food containers, the flexible, user-friendly food packaging maximizes available space.

People on Earth consume 70% more food than astronauts do. The food that astronauts consume is the same as that of
Earthlings, except it is preserved specifically to prevent bacterial infection. Food is properly confined, and liquids are
packaged as dried powders to help with the microgravity issue. Before consuming, the astronauts add water to their
drinks via a special tube. Food system deficiencies, such as nutrient toxicities, inadequate preservation,
underconsumption of calories, and lack of one or more nutrients, have resulted in the highest number of deaths and
mission failures in the history of human exploration on Earth [7, 8]. Up until now, advances in food science and
modern nutrition have avoided these problems on space missions, but venturing beyond low-Earth orbit will reveal new
mysteries. Furthermore, achieving the bare minimum of nutritional needs could merely prevent deficiency, but an
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optimal system—uwhich could include a range of fruits and vegetables as well as related bioactive compounds—could
improve performance and overall health [9, 10].

Meals in the Perspective of Space Flight

It's not easy to design human-food interactions in space. It is true that astronauts must complete specialized training on
Earth before they may dine in space, and there are a number of issues to take into account, including those related to
manufacturing, transportation, nutrition, and conservation [11]. The requirement to boost mission efficiency and morale
while simultaneously improving nutrient intake has influenced the design of space cuisine [12—-15]. When astronauts
are chosen for an ISS trip, for instance, their training takes several years, covering topics such as food packaging kinds,
preparation techniques, and how to consume in microgravity for meals and the onboard culinary environment (such as
the food gallery, trays, and utensils).

Eating is done according to a set menu or schedule that includes breakfast, lunch, and dinner. Everything is made with
efficiency in mind. The astronauts choose the package or packages from the pre-made menu, cut it open, and eat it with
a spoon after following the necessary preparation instructions (heat, rehydrate, etc.) on the box. Because the person and
several packages and parts are floating around, mixing is a difficult task in microgravity.

Types of Space Food

Rehydratable Thermostabili
Foods sed Food
Frozen Food e l Intermediate
Eand
— Natural
— Space Food atu
Fresh Food | P Food
Irradiated Refrigerated
Food Food

Fig. Types of Food for Astronauts [16]

Rehydratable Foods

Food items intended to be rehydrated with water before to eating are referred to as rehydratable space food. Meals that
are dehydrated or freeze-dried are the most common kind of rehydratable space food [17]. The water content of these
meals is extracted, resulting in food items that are lightweight and compact. Astronauts add a certain amount of water
to the food in order to rehydrate it and restore its original flavour and texture before consuming it [18]. To avoid too
much waste or too much moisture buildup in the spaceship environment, the water used for rehydration is carefully
regulated and supplied in small amounts. Food that has been rehydrated uses fewer resources in storage and during
transportation because it weighs and is consumed less. Rehydrating also aids in bringing back the food's original flavor
and texture, improving palatability and giving astronauts a more fulfilling mealtime experience.

Thermostabilized Food

The term "thermo-stabilized space food" describes a particular kind of packed food that has undergone heat treatment
and sterilization to increase its shelf life, assure safety, and endure the demanding environmental conditions of space
travel. Thermo-stabilized meals don't require further preparation or rehydration, in contrast to rehydratable space food.
Food that has been thermostabilized in space must undergo stringent thermal processing, such as high-temperature
short-time (HTST) processing or retort sterilization [19].

Long shelf life makes it unnecessary to go on frequent resupply runs. When in space, the meal is resistant to
temperature changes, harsh environments, and zero gravity. Additionally, it removes the need for refrigeration and
unigue storage requirements, which makes resource management and logistics easier.

Foods that are ready to consume, such as sandwiches, fruits, vegetables, meat, and desserts, are examples of thermo-

stabilized space food. These meals are meticulously prepared to fulfill nutritional requirements, offer a balanced diet,
and guarantee that the astronauts have the fuel they need for their space trips [20].

Page | 8



International Journal of Enhanced Research in Science, Technology & Engineering
ISSN: 2319-7463, Vol. 14 Issue 1, January-2025

Intermediate Food

Space food with a moisture content in between that of dry food and wet food is referred to as semi-moist space food or
intermediate moisture space food. In terms of water activity, which gauges the amount of water available for microbial
development, it is in the middle of the range. Food with an intermediate moisture content is made to last longer on the
shelf than food that is wet or perishable while yet having a soft, delicious texture.

Intermediate moisture space food has a moisture content that usually falls between 15% and 45%. This moisture level
promotes microbiological control and prevents the growth of mold, bacteria, and yeast. This is accomplished using a
variety of preservation approaches,including the addition of sugar or salt, adjusting the pH, and using packaging
strategies that preserve a regulated environment. Food with an intermediate moisture content has several benefits over
wet food, such as a longer shelf life, less weight and volume, and the capacity to maintain a desired texture and flavour.
During space missions, it provides astronauts with a greater range of food options, such as snacks, candies, and other
semi-moist food items that satisfy their senses and improve their general well-being [21].

Natural Food

Food that has undergone minimal processing while maintaining its original shape, texture, and nutritional makeup is
referred to as natural form space food. It is intended to give astronauts on space missions a more authentic, fresh eating
experience that is similar to what they would eat on Earth. The goal of natural form space food is to maintain the
freshness, stability, and safety of food while making it suitable for ingestion in a microgravity environment. In order to
preserve its nutritional value and sensory qualities, this kind of space food goes through very few processing stages
[22]. To maintain their freshness and stop spoiling, these goods are usually cleaned, sterilized, and packaged. To
increase the shelf life and maintain food quality, special packaging methods including modified environment packaging
are frequently utilized. Natural form space food consists of carefully selected fresh fruits, vegetables, nuts, and seeds
that are suitable for space travel and have a high nutritional value. These meals provide astronauts a range of vital
elements required for their health and well-being since they are high in vitamins, minerals, fiber, and antioxidants.

Irradiated Food

Food that has been subjected to a process known as food irradiation—which includes subjecting food to ionizing
radiation, such as gamma rays, X-rays, or electron beams—is referred to as "irradiated space food." This process helps
control or eradicate potentially hazardous microorganisms, pests, and parasites that may be present in the food [23]. For
space missions, radioactive food has various benefits. By lowering the possibility of foodborne pathogens, spoiling
microorganisms, and pests that could result in disease or spoilage throughout prolonged periods of storage, it helps
assure the safety and quality of the food. Additionally, it contributes to the food's longer shelf life, which lessens the
need for frequent replenishment missions and increases the effectiveness of space missions [24].

Refrigerated Food

Food kept in a refrigerator can be kept at a slightly higher temperature range than that of frozen food, which is
preserved at significantly lower temperatures. For astronauts, refrigerated space food has various benefits. Compared to
shelf-stable or rehydratable alternatives, it offers a greater range of meal options while assisting in the preservation of
the food's quality, taste, and nutritional value. Refrigeration aids in reducing the growth of bacteria and mold, two types
of microorganisms that can contaminate food and cause health problems [25].

In order to keep the food refrigerated, these systems are made to maintain a steady temperature range, usually between
228 Cand4°C(36¢F and 39 ° F). In order to be lightweight, small, and manageable in the microgravity environment
of space, chilled space food packaging is made.

Fresh Food

The term "fresh space food" describes meals and snacks that astronauts eat while in space that are made with fresh
ingredients. The goal of fresh space cuisine is to give astronauts a more comfortable and natural dining experience in
space, as opposed to other types of space food that are preserved by techniques like freezing or dehydration [26].
Certain packaging and storage techniques are used to guarantee the ingredients' purity and freshness.

Frozen Food

Meals and food products that are produced and kept at extremely low temperatures to keep them frozen during space
missions are known as frozen space food. There are various benefits to frozen food when traveling through space.
Firstly, freezing aids in preventing the growth of bacteria and mold, two types of microorganisms that can lead to food
spoiling and foodborne illnesses. The growth and activity of these microbes are considerably inhibited or stopped by
keeping the meal frozen [27].

Second, freezing aids in maintaining the food's flavour, texture, and nutritional value. It aids in preserving the natural
texture and look of the ingredients along with their Flavors and fragrances. Additionally, freezing aids in maintaining
the food's vital nutrients, guaranteeing that astronauts will eat enough to survive their journeys. When it comes time for
the astronauts to eat the frozen food in space, they use sophisticated equipment on board the spaceship to reheat or
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rehydrate the meals according to predetermined instructions. This enables them to eat a range of foods in the
microgravity environment of space, such as appetizers, desserts, and side dishes.

Opportunities in Space Food

Wholesome meals that satisfy the particular dietary needs of astronauts. Improvements in nutritional science may result
from this, which could benefit space travellers’ health. Making meals in space presents special culinary difficulties. The
chance to experiment with novel cooking methods, tastes, and food presentations opens up new avenues for the
culinary arts and broadens the astronauts' gastronomic horizons [28]. The development of sustainable food production
methods for space exploration may have wider effects on Earthly food production. Research on space food can aid in
the development of effective cultivation techniques, waste reduction strategies, and resource optimization—all of
which are essential for sustainable agriculture. By creating methods for cultivating food in harsh environments, such as
dry regions or areas impacted by climate change, space food research can support efforts to ensure food security [29].

CONCLUSION

As space food provides astronauts with the nourishment, they need to maintain their health, well-being, and
performance in the harsh conditions of space, space food is essential to the success of space missions. The metabolic
alterations that take place in the human body while on space missions are one crucial factor to take into account. The
nutritional value of space food must be balanced to offset these impacts and maintain astronauts' physiological needs.
Various kinds of space cuisine have been created to satisfy astronauts' unique requirements. Options such as
rehydratable, thermo-stabilized, natural form, irradiated, frozen, fresh, and refrigerated are among them. To meet the
difficulties in delivering nutrient-balanced meals in the special environment of space, space food technology must
constantly advance and innovate.

REFERENCES

[1]. Enrico C. Space nutrition: The key role of nutrition in human space flight. 2016, arXiv:1610.00703.

[2]. Dahlan HA. Possible Malaysian contributions to future space food during a long-duration space mission. ASM
Sc J2019; 12(2): 162 71.

[3]. Oluwafemi FA, De La Torre A, Afolayan EM, et al. Space food and nutrition in a long-term manned mission.
Adv Astronaut Sci Techno 2018; 1: 1-21. http://dx.doi.org/10.1007/s42423-018-0016-2.

[4].  Huntress W, Stetson D, Farquhar R, Zimmerman J, O’Neil W, Bourke R, Foing B (2006) The next steps in
exploring deep space, a cosmic study by the International Academy of Astronautics, 20 Feb 2006,
http://www.lpi.usra.edu/lunar/strategies/AdvisoryGrou reports/iaa_report.pdf. Accessed 21 June 2017).

[5]. Smith SM, Zwart SR. Nutritional biochemistry of spaceflight. Adv Clin Chem. 2008; 46:87-130.

[6]. Nicogossian AE, Pool SL, Uri JJ. Historical perspectives. In: Nicogossian AE, Huntoon CL, Pool SL, eds.
Space physiology and medicine. Philadelphia: Lea &Febiger 1994; 3.

[71. Chintala, Sathishkumar. “Analytical Exploration of Transforming Data Engineering through Generative Al”.
International Journal of Engineering Fields, ISSN: 3078-4425, vol. 2, no. 4, Dec. 2024, pp. 1-11,
https://journalofengineering.org/index.php/ijef/article/view/21.

[8]. Goswami, MaloyJyoti. "Al-Based Anomaly Detection for Real-Time Cybersecurity." International Journal of
Research and Review Techniques 3.1 (2024): 45-53.

[9]. Bharath Kumar Nagaraj, Manikandan, et. al, ‘“Predictive Modeling of Environmental Impact on Non-
Communicable Diseases and Neurological Disorders through Different Machine Learning Approaches”,
Biomedical Signal Processing and Control, 29, 2021.

[10]. Amol Kulkarni, "Amazon Redshift: Performance Tuning and Optimization," International Journal of Computer
Trends and Technology, vol. 71, no. 2, pp. 40-44, 2023. Crossref, https://doi.org/10.14445/22312803/IJCTT-
V7112P107

[11]. Goswami, MaloyJyoti. "Enhancing Network Security with Al-Driven Intrusion Detection Systems." Volume 12,
Issue 1, January-June, 2024, Available online at: https://ijope.com

[12]. Dipak Kumar Banerjee, Ashok Kumar, Kuldeep Sharma. (2024). Al Enhanced Predictive Maintenance for
Manufacturing System. International Journal of Research and Review Techniques, 3(1), 143-146.
https://ijrrt.com/index.php/ijrrt/article/view/190

[13]. Sravan Kumar Pala, “Implementing Master Data Management on Healthcare Data Tools Like (Data Flux,
MDM Informatica and Python)”, IJTD, wvol. 10, no. 1, pp. 35-41, Jun. 2023. Available:
https://internationaljournals.org/index.php/ijtd/article/view/53

[14]. Pillai, Sanjaikanth E. VadakkethilSomanathan, et al. "Mental Health in the Tech Industry: Insights From
Surveys And NLP Analysis." Journal of Recent Trends in Computer Science and Engineering (JRTCSE) 10.2
(2022): 23-34.

[15]. Bown SR. Scurvy. New York: St. Martin’s; 2003.

[16]. Reynolds RD. Effects of cold and altitude on vitamin and mineral requirements. In: Institute of Medicine (US)
Committee on Military Nutrition Research, Marriott Marlon SJ, editors. Nutritional needs in cold and in high-

Page | 10


http://dx.doi.org/10.1007/s42423-018-0016-2
https://journalofengineering.org/index.php/ijef/article/view/21
https://doi.org/10.14445/22312803/IJCTT-V71I2P107
https://doi.org/10.14445/22312803/IJCTT-V71I2P107
https://ijope.com/
https://ijrrt.com/index.php/ijrrt/article/view/190
https://internationaljournals.org/index.php/ijtd/article/view/53

[17].

[18].

[19].

[20].
[21].

[22].

[23].

[24].

[25].
[26].
[27].

[28].

[29].
[30].

[31].

[32].

[33].

[34].
[35].
[36].
[37].
[38].
[39].
[40].

[41].

International Journal of Enhanced Research in Science, Technology & Engineering
ISSN: 2319-7463, Vol. 14 Issue 1, January-2025

altitude environments: applications for military personnel in field operations. Washington (DC): National
Academies Press; 1996.

Singh RK, Chang HW, Yan D, Lee KM, Ucmak D, Wong K, Abrouk M, Farahnik B, Nakamura M, Zhu TH, et
al. Influence of diet on the gut microbiome and implications for human health. J Transl Med 2017; 15:73.
Wallace TC, Bailey RL, Blumberg JB, Burton-Freeman B, Chen CO, Crowe-White KM, Drewnowski A,
Hooshm and S, Johnson E, Lewis R, et al. Fruits, vegetables, and health: a comprehensive narrative, umbrella
review of the science and recommendations for enhanced public policy to improve intake. Crit Rev Food Sci
Nutr 2020:60(13)2174-211.

Goswami, MaloyJyoti. "Challenges and Solutions in Integrating Al with Multi-Cloud Architectures."
International Journal of Enhanced Research in Management & Computer Applications ISSN: 2319-7471, \Vol.
10 Issue 10, October, 2021.

Banerjee, Dipak Kumar, Ashok Kumar, and Kuldeep Sharma."Artificial Intelligence on Additive
Manufacturing." International IT Journal of Research, ISSN: 3007-6706 2.2 (2024): 186-189.

TS K. Anitha, Bharath Kumar Nagaraj, P. Paramasivan, “Enhancing Clustering Performance with the Rough
Set C-Means Algorithm”, FMDB Transactions on Sustainable Computer Letters, 2023.

Kulkarni, Amol. "Image Recognition and Processing in SAP HANA Using Deep Learning." International
Journal  of Research and Review  Techniques 2.4  (2023): 50-58. Available on:
https://ijrrt.com/index.php/ijrrt/article/view/176

Goswami, MaloyJyoti. "Leveraging Al for Cost Efficiency and Optimized Cloud Resource Management."
International Journal of New Media Studies: International Peer Reviewed Scholarly Indexed Journal 7.1
(2020): 21-27.

Madan Mohan Tito Ayyalasomayajula. (2022). Multi-Layer SOMs for Robust Handling of Tree-Structured
Data.International Journal of Intelligent Systems and Applications in Engineering, 10(2), 275 —. Retrieved from
https://ijisae.org/index.php/IJISAE/article/view/6937

Banerjee, Dipak Kumar, Ashok Kumar, and Kuldeep Sharma."Artificial Intelligence on Supply Chain for Steel
Demand.” International Journal of Advanced Engineering Technologies and Innovations 1.04 (2023): 441-449.
Perchonok, M., and Bourland, C. (2002). NASA food systems: past, present, and future. Nutrition 18, 913-920.
doi: 10.1016/S0899-9007(02)00910-3.

Bourland, C. T. (1993). The development of food systems for space. Trends Food Sci. Technol. 4, 271-276. doi:
10.1016/0924-2244(93)90069-M.

Buckley, N. D., Champagne, C. P., Masotti, A. ., Wagar, L. E., Tompkins, T. A., and Green-Johnson, J. M.
(2011). Harnessing functional food strategies for the health challenges of space travel Fermented soy for
astronaut nutrition. Acta Astronaut. 68, 731-738. doi: 10.1016/j.actaastro.2010.08.023.

Cooper, M. R., Catauro, P., and Perchonok, M. (2012). Development and evaluation of bio-regenerative menus
for Mars habitat missions. Acta Astronaut. 81, 555-562. doi: 10.1016/j.actaastro.2012. 08.035.

Salas, E., Tannenbaum, S. I., Kozlowski, S. W. J., Miller, C. A., Mathieu, J. E., and Vessey, W. B. (2015).
Teams in space exploration. Curr. Dir. Psychol. Sci. 24, 200-207. doi: 10.1177/0963721414566448.

Akbar, H. (2019). Possible Malaysian contribution to future space food during a long-duration space mission.
ASM Science, 12, 162-171. https://www.researchgate.net/
publication/335060457_Possible_Malaysian_Contribution_to_Future_Space_Food_dur ing_Long-
duration_Space_Muission.

Bharath Kumar Nagaraj, SivabalaselvamaniDhandapani, “Leveraging Natural Language Processing to Identify
Relationships between Two Brain Regions such as Pre-Frontal Cortex and Posterior Cortex”, Science Direct,
Neuropsychologia, 28, 2023.

Sravan Kumar Pala, “Detecting and Preventing Fraud in Banking with Data Analytics tools like SASAML,
Shell Scripting and Data Integration Studio”, IJBMV, vol. 2, no. 2, pp. 34-40, Aug. 2019.
Available: https://ijbmv.com/index.php/home/article/view/61

Parikh, H. (2021). Diatom Biosilica as a source of Nanomaterials. International Journal of All Research
Education and Scientific Methods (IJARESM), 9(11).

Jiang, J., et al. (2020). Current processing and packing technology for space foods: A review. Critical Reviews
in Food Science and Nutrition, 60, 3573-3588. https://doi. org/10.1080/10408398.2019.1700348.

Cooper, M., & Douglas, P. M. (2011). Developing the NASA food system for long-duration missions. Journal
of Food Science, 76: R40—R48. doi: 10.1111/j.1750- 3841.2010.01982.x.

Varghese, K. S., et al. (2014). Technology, applications, and modeling of ohmic heating: A review. Journal of
Food Science& Technology. 51:2304-2317. 10.1007/s13197-012- 0710-3.

Hollender, H. A., Klicka, M. V., & Smith, M. C. (1970). Food technology problems related to space feeding.
Life Sciences and Space Research, 8, 265-279. https://pubmed.ncbi. nim.nih.gov/11826888/.

Cao, X. (2022). Research progress on the effects of microgravity and space radiation on astronauts’ health and
nursing measures. Open Astronomy, 31, 300-309. https://doi. org/10.1515/astro-2022-0038.

Tang, H., et al. (2021). Long-term space nutrition: A scoping review. Nutrients, 14, 194.
https://doi.org/10.3390/nu14010194.

Tilwani, K., Patel, A., Parikh, H., Thakker, D. J., & Dave, G. (2022). Investigation on anti-Corona viral
potential of Yarrow tea. Journal of Biomolecular Structure and Dynamics, 41(11), 5217-5229.

Page | 11


https://ijrrt.com/index.php/ijrrt/article/view/176
https://ijisae.org/index.php/IJISAE/article/view/6937
https://ijbmv.com/index.php/home/article/view/61
https://doi.org/10.3390/nu14010194

[42].

[43].

[44].

[45].

[46].

[47].

[48].
[49].
[50].

[51].

[52].

[53].

[54].

[55].

[56].

[57].

[58].

[59].

International Journal of Enhanced Research in Science, Technology & Engineering
ISSN: 2319-7463, Vol. 14 Issue 1, January-2025

Amol Kulkarni "Generative Al-Driven for Sap Hana Analytics" International Journal on Recent and Innovation
Trends in Computing and Communication ISSN: 2321-8169 Volume: 12 Issue: 2, 2024, Available at:
https://ijritcc.org/index.phpfijritcc/article/view/10847

Bharath Kumar Nagaraj, “Explore LLM Architectures that Produce More Interpretable Outputs on Large
Language Model Interpretable Architecture Design”, 2023. Auvailable:
https://www.fmdbpub.com/user/journals/article_details/FTSCL/69

Pillai, Sanjaikanth E. VadakkethilSomanathan, et al. “Beyond the Bin: Machine Learning-Driven Waste
Management for a Sustainable Future. (2023).”Journal of Recent Trends in Computer Science and Engineering
(JRTCSE), 11(1), 16-27. https://doi.org/10.70589/JRTCSE.2023.1.3

Nagaraj, B., Kalaivani, A., SB, R., Akila, S., Sachdev, H. K., & SK, N. (2023). The Emerging Role of Artificial
Intelligence in STEM Higher Education: A Critical review. International Research Journal of Multidisciplinary
Technovation, 5(5), 1-19.

Parikh, H., Prajapati, B., Patel, M., & Dave, G. (2023). A quick FT-IR method for estimation of a-amylase
resistant starch from banana flour and the breadmaking process. Journal of Food Measurement and
Characterization, 17(4), 3568-3578.

Sravan Kumar Pala, “Synthesis, characterization and wound healing imitation of Fe304 magnetic nanoparticle
grafted by natural products”, Texas A&M University - Kingsville ProQuest Dissertations Publishing,
2014. 1572860.Available online
at: https://www.proquest.com/openview/636d984c6e4a07d16be2960caalf30c2/1?7pg-
origsite=gscholar&cbl=18750

Krzysztof, L., & Aleksandra, S. (2022). What food will we be eating on our journey to Mars? Biotechnology
and Biotechnological Equipment, 36, 165-175. https://doi.org/ 10.1080/13102818.2022.2060135.

Kim, H. W., & Rhee, M. S. (2020). Space food and bacterial infections: Realities of the risk and role of science.
Trends in Food Science and Technology, 106, 275-287. https://doi. org/10.1016/j.tifs.2020.10.023.

Charles, T. (1998). Advances in food systems for space flight. Life Support & Biosphere Science, 5, 71-77.
https://pubmed.ncbi.nim.nih.gov/11540467/.

Rahul, W. (2023). Evolution of space food, category, challenges, and packaging. Journal of Pharmaceutical
Innovation. 12:1233-1244. https://www.thepharmajournal. com/archives/2023/vol12issue6/PartO/12-5- 284-
846.pdf.

Credit Risk Modeling with Big Data Analytics: Regulatory Compliance and Data Analytics in Credit Risk
Modeling. (2016). International Journal of Transcontinental Discoveries, ISSN: 3006-628X, 3(1), 33-
39.Available online at: https://internationaljournals.org/index.php/ijtd/article/view/97

Sandeep Reddy Narani , Madan Mohan Tito Ayyalasomayajula , SathishkumarChintala, “Strategies For
Migrating Large, Mission-Critical Database Workloads To The Cloud”, Webology (ISSN: 1735-188X), Volume
15, Number 1, 2018. Available at: https://www.webology.org/data-
cms/articles/20240927073200pmWEBOLOBY%2015%20(1)%20-%2026.pdf

Parikh, H., Patel, M., Patel, H., & Dave, G. (2023). Assessing diatom distribution in Cambay Basin, Western
Arabian Sea: impacts of oil spillage and chemical variables. Environmental Monitoring and Assessment,
195(8), 993

Amol Kulkarni "Digital Transformation with SAP Hana", International Journal on Recent and Innovation
Trends in Computing and Communication ISSN: 2321-8169, Volume: 12 Issue: 1, 2024, Available at:
https://ijritcc.org/index.phpf/ijritcc/article/view/10849

Banerjee, Dipak Kumar, Ashok Kumar, and Kuldeep Sharma.Machine learning in the petroleum and gas
exploration phase current and future trends. (2022). International Journal of Business Management and Visuals,
ISSN: 3006-2705, 5(2), 37-40. https://ijomv.com/index.php/home/article/view/104

Amol Kulkarni, "Amazon Athena: Serverless Architecture and Troubleshooting,” International Journal of
Computer  Trends and  Technology, wvol. 71, no. 5  pp. 57-61, 2023. Crossref,
https://doi.org/10.14445/22312803/1JCTT-V7115P110

Kulkarni, Amol. "Digital Transformation with SAP Hana.", 2024, https://www.researchgate.net/profile/Amol-
Kulkarni-

23/publication/382174853_Digital_Transformation_with SAP_Hana/links/66902813c1cf0d77ffcedb6d/Digital
-Transformation-with-SAP-Hana.pdf

Patel, N. H., Parikh, H. S., Jasrai, M. R., Mewada, P. J., &Raithatha, N. (2024). The Study of the Prevalence of
Knowledge and Vaccination Status of HPV Vaccine Among Healthcare Students at a Tertiary Healthcare Center
in Western India. The Journal of Obstetrics and Gynecology of India, 1-8.

Page | 12


https://ijritcc.org/index.php/ijritcc/article/view/10847
https://www.fmdbpub.com/user/journals/article_details/FTSCL/69
https://doi.org/10.70589/JRTCSE.2023.1.3
https://www.proquest.com/openview/636d984c6e4a07d16be2960caa1f30c2/1?pq-origsite=gscholar&cbl=18750
https://www.proquest.com/openview/636d984c6e4a07d16be2960caa1f30c2/1?pq-origsite=gscholar&cbl=18750
https://pubmed.ncbi.nlm.nih.gov/11540467/
https://internationaljournals.org/index.php/ijtd/article/view/97
https://www.webology.org/data-cms/articles/20240927073200pmWEBOLOBY%2015%20(1)%20-%2026.pdf
https://www.webology.org/data-cms/articles/20240927073200pmWEBOLOBY%2015%20(1)%20-%2026.pdf
https://ijritcc.org/index.php/ijritcc/article/view/10849
https://ijbmv.com/index.php/home/article/view/104
https://doi.org/10.14445/22312803/IJCTT-V71I5P110
https://www.researchgate.net/profile/Amol-Kulkarni-23/publication/382174853_Digital_Transformation_with_SAP_Hana/links/66902813c1cf0d77ffcedb6d/Digital-Transformation-with-SAP-Hana.pdf
https://www.researchgate.net/profile/Amol-Kulkarni-23/publication/382174853_Digital_Transformation_with_SAP_Hana/links/66902813c1cf0d77ffcedb6d/Digital-Transformation-with-SAP-Hana.pdf
https://www.researchgate.net/profile/Amol-Kulkarni-23/publication/382174853_Digital_Transformation_with_SAP_Hana/links/66902813c1cf0d77ffcedb6d/Digital-Transformation-with-SAP-Hana.pdf
https://www.researchgate.net/profile/Amol-Kulkarni-23/publication/382174853_Digital_Transformation_with_SAP_Hana/links/66902813c1cf0d77ffcedb6d/Digital-Transformation-with-SAP-Hana.pdf

[60].

[61].
[62].

[63].

International Journal of Enhanced Research in Science, Technology & Engineering
ISSN: 2319-7463, Vol. 14 Issue 1, January-2025

SathishkumarChintala, Sandeep Reddy Narani, Madan Mohan Tito Ayyalasomayajula. (2018). Exploring
Serverless Security: ldentifying Security Risks and Implementing Best Practices. International Journal of
Communication  Networks and  Information  Security  (IJCNIS), 10(3). Retrieved from
https://ijcnis.org/index.php/ijcnis/article/view/7543

Watkins, P., et al. (2022). Long-term food stability for extended space missions: A review. Life Sciences and
Space Research, 32, 79-95. https://doi.org/10.1016/j. Issr.2021.12.003.

Enfield, R., et al. (2022). The future of 3D food printing: Opportunities for space applications. Critical Reviews
in Food Science and Nutrition, 4, 1-14. https://doi.org/ 10.1080/10408398.2022.2077299.

Shukla, A. D. (2020). Space foods: The food for zero gravity. Agri Mirror: Future India. 1: 70-79.
https://aiasa.org.in/wp- content/uploads/2020/09/15.pdf.

Page | 13


https://ijcnis.org/index.php/ijcnis/article/view/7543

