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ABSTRACT 

Aerospace expansion explores feats towards space travel and potential life on new 

planets, with organizations focusing heavily on engineering and new developments. With this 

recent development towards space travel comes many uncertainties and lack of knowledge 

when discussing the feasibility of successes, health pertaining to astronauts and the necessities 

of surviving. Organizations like NASA utilize resources in understanding the impact space 

travel has not only on machines but also the impact it has for astronauts. These studies relate 

back to the health of astronauts before and after space travel, showing the impacts space has on 

individuals. The health of each astronaut may alter with proper planning of specific designed 

food that may reduce the risk of certain complications. This research addresses various aspects 

as to space travel and requirements into segments of: 

• Measurements for Nutritional Performance: this objective uses data analysis of 

nutritional breakdown for food based on their consumption that alter the compound 

structures of vitamins, minerals, and amino acids.  

• Simulation Modeling for Food Capacity Analysis Design: the objective of this section is 

to represent the impact simulation modeling has for planning the capacity needed to 

grow food during harvest cycles.  

• Health Risks Evaluation for Human Performance: the objective of this section 

represents the performance indicators used to evaluate astronautical health during space 

travel for evaluation.  

• Simulation Modeling of Nutritional Balance via Food Consumption: the objective is to 

relate back the amount of nutritional amount acquired through the consumption of food 

to help balance potential health risks.  
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Chapter 1 Introduction 

1.1 Research Background  

 Over the past decade space exploration has grown rapidly not only in design 

planning but also with capabilities for new advancements. Since the launch of sputnik 1 

in 1957, research around space forced humans to rethink the way of living and the 

future that lies ahead when talking about space. Humanity has seen many successful 

achievements in space like Explorer 1 and many of the Apollo missions, but we have 

also witnessed tragic events of the Challenger and Columbia which left the world in 

silence. Research and development towards space never stopped even with these tragic 

events and pursued the achieve greater feats. Today there is a vast group of 

organizations that dream of becoming the next great accomplishment for space and the 

journey ahead.  

John noble once said “Mars tugs at the human imagination like no other planet. 

A force mightier than gravity, it attracts the eye to the shimmering red presence in the 

clear night sky.” To this day, Mars has only been a dream of the vision it provides to 

humanity, with potential to sustain life beyond Earth. Earth guarantees life for humans 

for now but is not sustainable for the end vision of the human species. Earth’s sun is 

assumed to deplete around 4.5 billion years from now but is not fully guaranteed 

(Szocik). With that result from potential simulation, humans still must plan for this 

happening as if the species depended on it. Being able to move throughout the solar 

system for humans may be the best potential outcome for human sustainability. With 

space travel there comes elevated risk and with that risk comes potential sacrifices 

(Cucinotta). Astronauts plan to travel anywhere between 250-300 days in space before 
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landing on Mars. This is a guaranteed three hundred days that must be planned for food, 

water, oxygen, fuel, weight and even health. Space is an extreme environment for the 

human body, where during long-term mission’s microgravity and high radiation levels 

represent major threats to crew health. Intriguingly, space flight imposes on the body of 

highly selected, well-trained, and healthy individuals (astronauts and cosmonauts) 

pathophysiological adaptive changes akin to an accelerated aging process and to some 

diseases (Demontis). Since the beginning of the space program, NASA has recognized 

the potential risk of adverse health effects due to the stressors associated with crewed 

spaceflight. These stressors include altered gravity, isolation, a closed environment, and 

distance from Earth (Elgart). Space exploration has many uncertainties and the survival 

of everyone is the highest concern.  

 NASA uses research study strategies and science experiments with 

individuals as they stay on the international space station over time. During their stay 

individuals study food and how it can be grown over that time in space for the future 

survival of a mission. NASA is using health as a main priority to help make sure 

astronauts are safe during and after travel. These elements being tracked revolve around 

the brain, heart, lungs, and muscle movement. “Following the standardized process, we 

well known in the industrial environment, the astronauts are considered a similar 

exposure group. We monitor them as a group, then as specific individuals, based on 

exposures and other factors, throughout their NASA career” (Tarver). Without this 

resourceful information astronauts would be putting their health at risk every time and 

eventually decease from these complications space puts upon them.  
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Mental and behavioral risk impact the crew and mission every time and with 

every person. A stable crew should be able to manage situations thrown their way, 

where an unstable mental crew may lose control of perspective or training memory 

during critical moments. Every failure or malfunction requires 100% mental stability 

when overseeing the proper fix. Behavioral health risks are among the most serious and 

difficult to mitigate risks of confinement in space craft during long duration space 

exploration missions (Basner). Using conventional propulsion and accounting for 

celestial mechanics, a round trip of 520 days is a standard reference mission. This 

timeframe is well beyond the duration astronauts and cosmonauts have remained 

confined either in a spacecraft or in a high-fidelity spaceflight simulation on Earth 

(Basner). Things like fitness and mental learning help sharpen an astronaut’s mind and 

body. These tools become useful when maneuvering through space. The reliability 

study described here presents a scientific basis for implementing, but also highlights 

challenges faced by operational teams supporting humans in such unique environments, 

especially with respect to health and fitness monitoring of crew members travelling not 

only into space, but also across the world (Peterson). 

From what scientists and researchers have found, astronauts are not safe from 

exposure when in space. The health and concern of these people is detrimental for 

successful missions. The brain’s role in staying calm and stable when confined in small 

spaces over a period. Space tests human capability. Leaving a mark in history is one 

thing but not being able to see the outcome is much harder to deal with. Astronautical 

exploration puts lives at risk but is deemed a great cause for humanity moving forward. 
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Health monitoring will always be a top priority to organizations looking into space for 

the individuals risking their lives for science.   

1.2 Research Scope and Background 

 The objective of this research is to show the impact nutritional compound 

structures have on health implications in space, using simulation modeling to show 

adequate capacity of food growth for nutritional health balance. From this research 

there are five key questions to be asked when selecting a proper source nutritional 

balance when in space. (1) What are the main nutritional compounds one must achieve 

daily for survival? (2) What health complications are individuals most likely to be 

exposed to while in space over time? (3) How may someone be able to prevent these 

health complications in space through healthy food balance consumption? (4) How 

much food will one need to consume to stay healthy? (5) How can someone forecast the 

total amount of food and nutrients needed for survival during a mission with “x” 

number of days? The scope of this dissertation is to consider each question with distinct 

phases of research to provide adequate solutions for each area of subjectivity.  

1.2.1 Measurements for Nutritional Performance 

 This phase addresses how nutritional compound structures for food may be 

obtained per a single amount and then compared for value-based decision making. Due 

to the lack of knowledge most people have for what compounds make up food for 

vitamins, minerals, and amino acids, this research will help clarify the individual 

compounds and how they add up to different food groups. Further in this phase will be 

discussed the doctor recommended values to obtain a daily healthy life along with 

conversion analysis for relating each compound equally. Data analysis is used to 
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determine the systematics of how food is relatable and how well it can be associated 

back to health complications based on where those nutrients are absorbed. Methods for 

converting individual compounds amounts for decision making are developed to 

measure richness and density of food for selecting what should be grown in space. The 

top fourteen foods are selected and evaluated for how well each performs towards the 

body. These foods will then be carried throughout the rest of the research for further 

study.  

1.2.2 Simulation Modeling for Food Capacity Analysis Design 

 Section 1.2.2 uses simulation modeling to develop structured process planning for 

determining the capacity of the top fourteen foods selected and how to achieve those values 

when traveling in space. When designing the simulation certain aspects must be considered 

before running any analysis to determine capacity. Specific attributes, constraints, variables, and 

outliers are identified in this section for determining the amount of water used, soil used, and 

plants harvest in one 300-day cycle (one trip to Mars). The individual plant performance is 

defined through measurements that impact the daily life expectancy of that plant like 

temperature, space capacity, nutrient receival and water consumption rate. Simulation modeling 

software performs report analysis for understanding process utilization for machines and total out 

of plants achievable based on distributions. Once the total amount of plants retrieved during a 

grow cycle the study converts it into pounds to determine the capacity of eatable food available 

over the three hundred days. Capacity planning for food is vital to space exploration because 

starvation leads to fatal consequences. This section then ties to section 1.2.4 which also uses 

simulation modeling to determine the overall nutrient consumption over time.  

1.2.3 Health Risks Evaluation for Human Performance 
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 The third phase of this dissertation focuses solely on the health complications individuals 

undergo when traveling in space. This research chooses the top eight underlying health 

complications from NASA’s research over the years as astronauts have lived on the international 

space station for lengths of time. For each health complication research regarding nutritional 

compounds of food is considered and related back to each complication for potential risk 

reduction. This phase uses information from phase 1 to relate back to how each health risk is 

associated to vitamins, minerals and amino acids that are derived from specific foods. With this 

information the research then has a based structure for performing the final phase with nutrient 

analysis per daily consumption. By showing the amount of capable food grown during a 300-day 

cycle, studies may provide reliable information as to what nutrients are being consumed during 

that period and are they meeting the daily recommended requirements to reduce the health risks 

space applies to individuals.  

1.2.4 Simulation Modeling of Nutritional Balance via Food Consumption 

 The final phase is still a work in progress but plans to use simulation modeling to 

determine the total amount of nutrients received over three hundred days from the total amount 

of plants harvest during that time frame. This phase plans to tie together all three previous phases 

by determining what requirements may be needed for individuals in space to stay at a healthy 

balanced performance during their travels. Phase one provides the proper foods and nutrients 

associated with them. Phase 2 develops simulation modeling for capacity planning of those 

selected foods. Phase 3 shows relationship between health complications of space and the 

nutrients used to help prevent or delay those risks from happening.  

1.3 Dissertation Proposal Outline  
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  The dissertation proposal is outlined as follows: chapter 2 provides the literature 

review and reasoning as to why this research is needed. Chapter 3 discusses the nutrient 

compound breakdown structure of food and how they are relatable among one another. 

Chapter 4 uses simulation modeling to plan the capacity of food over a 300-day cycle to 

determine an outcome of how much food is grown during that time using a one in one 

out method. Chapter 5 accounts for specific health complications related to space travel 

and how they are altered through the consumption of foods nutrient compound 

structure. Chapter 6 plans to show the nutrient consumption capacity for plants grown 

in space from the one in one out simulation of chapter 4 using simulation modeling.  

Chapter 2 Literature Review 

2.1 Introduction 

 Related studies to the proposed problems within this research provide information for 

understanding the reasoning behind each chapter discussed. The literature discussed in the 

following chapters is broken down into five sections. Section 2.2 discusses literature around the 

health performance measures taken when understanding food and its impact on the body. Section 

2.3 revolves around the growing methods for food and the impact modern methods play in 

today’s living. Section 2.4 literature helps understand the current needs for space travel along 

with trajectory impacts and uncertainty when looking into space travel. Section 2.5 explains 

different methods used for simulation modeling and its impact for improvement. Finally, section 

2.6 presents literature findings on the health risks associated with space flight.  

2.2 Health Performance Measures 

 When discussing health factors must be considered for proper analysis regarding a 

specific individual or population size. Factors like age, weight, gender, and lifestyle are all 
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crucial factors when studying the overall performance of the body, but food consumption may 

result in the most profitable variable to understand when considering health. It is well established 

that exposure to an unhealthy diet can result in profound impacts to the human body over time 

(Boguraev). An Unhealthy diet plays an influential role when considering space travel candidates 

along with an individual’s overall performance during daily activities. Throughout human 

history, food and nutrition have been key determinants in the success or failure of exploration 

missions. Greater propulsion capability is needed to supply missions as distance from Earth 

increases and planetary physics makes regular resupply unfeasible. Hence, providing food and 

nutrition becomes a significant challenge (Douglas). As humans explore further into space, 

researchers need to consider the health factors that are being implemented on these individuals 

daily. Whole organic foods become less readily available for individuals in space. Adaptation 

capability in exploratory future space missions can be considered an advanced hazard on human 

spaceflight. In this way, mixing engineering knowledge with healthcare studies to train future 

astronauts will improve their behavior to survive in extreme environments and protect them 

against certain health conditions (Souza). Many changes at one given time may detrimentally 

impact the overall health of individuals in space which could result in fatal outcomes.  

For instance, changes in the composition of one’s microbiome may promote the 

development of ulcers, as individuals with inflammatory bowel disease, asthma, diabetes, 

cardiovascular disease, colorectal cancer, and breast cancer have different bacterial communities 

than healthy individuals (Urbaniak). The microbiome is one small piece of the body that could 

result in multiple health conditions when untreated with a healthy nutritional consumption of 

food. Food helps balance the proper nutritional requirements of vitamins, minerals, and amino 

acids. Certain diets play a larger role than others when balancing the overall performance of 
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one’s body. Studies show that the vegan diet has proven repeatedly a positive outcome for people 

with health complications to reduce health those factors along with losing weight (Barnard). 

Vegan diets eliminate the use of animal products where one must obtain nutrients through food 

groups like fruits, vegetables, starches, legumes, and whole grains. Vegetables and Fruits should 

be supplemented into a daily diet to reduce concerns like cholesterol, diabetes, blood pressure 

and mental stressors that impact our daily routine of survival (Barnard). Starches and legumes 

provide a supplemental nutritional value to a person’s lifestyle when reducing or eliminating the 

consumption of animal products. This supplementation should be monitored though to reduce the 

risk of becoming malnourished in specific nutrients for and maintaining a stable steady diet 

(Fuhrman). These foods groups are essential for individuals in space and are potential products 

that may be grown during space flight for natural consumption. Performing daily recordings of a 

person’s diet is the only way to truly detect the impact food has on one’s lifestyle. These 

recordings must consider the amount and type of food consumed to truly put qualitative data to 

health studies when performed over a population study (McDougal).  

2.3 Food Growing Processes and implementations 

 Consuming food in space may only be done if individuals have access to these foods 

either through processed packaging or natural growth of whole foods. Space flight must consider 

new efficient ways to grow food for the longevity of individuals health and daily required 

consumption of survival.   

Long term space missions will depend on the availability of ambient air, sustainable food supply, 

and treatment of human waste, all of which is enhanced and improved through the cultivation of 

plants on-board the spacecraft (Fortezza). Modern technologies are developing around the globe 

for improvements of food growth here on Earth. Robotic technology development has even 
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improved the growth cycle time and yield harvest number of certain foods through research. The 

path to a human colony could be prepared by robotic systems. These systems locate resources, 

such as ground water or ice that would help a colony grow and thrive. Mars colonization is 

advocated by several non-governmental groups for a range of reasons and with varied proposals 

(Dastagiri). Fresh food for individuals in space must be provided in alternating ways. By having 

fresh food to hand astronauts have a better chance of survival while maintaining a healthy diet. 

Currently, food consumed by astronauts is all preserved or thermo-stabilized, packaged food. 

Plants could supply fresh foods to supplement the packaged food diet (Wheeler).  

 Once established on Mars or the moon astronauts must develop a stable process for 

growing food of larger yields for the longevity of missions. This process of growing food takes 

time and requires a specific duration of growth for different foods. To grow these foods in larger 

quantities, considerations for greenhouse development is sparking innovative ideas when 

discussing space travel. Space greenhouses should be considered in the planning and 

development stage for the first mission to Mars, given the fact that this could potentially release 

gases for atmospheric change while supporting astronaut’s health and hunger (Fortezza).Design 

considerations of a greenhouse as part of a Martian human settlement include, beside growing 

vegetables for consumption, the possibility for astronauts to attend plants and relax in a garden-

like area, possibly reminiscent of an earthly environment (Plester). These greenhouses may 

provide adequate scheduled food for consumption when living in space. These developments 

take years before establishing and considered immediately when talking about the length of 

space missions. Even though significant development has transformed the space food system 

over the last 5 decades to attain more appealing dietary fare for low-orbit space crews, the 

advances do not meet the need for crews that might travel to Mars and beyond. It is estimated 
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that a food system for a long-duration mission must maintain organoleptic acceptability, 

nutritional efficacy, and safety for a 3–5-year period to be viable (Cooper). To continuously 

provide fresh food without the need for cargo transfer from Earth towards Moon or Mars an on-

site greenhouse system is required, producing fresh food in situ. The associated effort and cost 

for all resources to be transported to the base of operation prohibit any waste of resources, 

requiring a system operating in a closed loop (Maiwald). 

NASA has two overarching goals for conducting research on crop-type plants in microgravity. 

The first is to conduct large plant physiology studies to fundamentally understand more about 

how plants have evolved with gravity and how they respond to the spaceflight environment and 

the absence of gravity (Massa).  

On the actual space flight missions’ individuals may use alternative methods to grow 

food that require less hassle and requirements than modern farming. New ways like hydroponics, 

aquaponics and aeroponics use soilless systems for growing food. New soilless water and 

nutrient delivery systems are needed to avoid constant resupply of bulky single-use porous 

media. Autonomous plant health and food safety monitoring systems are needed to ensure that 

the food produced is suitable for supplementing crew diets with fresh and nutritious salad crops 

(Monje). Soil-based agriculture is facing some major challenges with the advent of civilization 

all over the world, such as decrease per capita land availability. Apart from this, due to rapid 

urbanization and industrialization as well as threats from climate change and its related adverse 

effects, land cultivation is going to face further challenging threats. Under such circumstances, it 

becomes intricate to feed the entire population using the production from soil field system 

(Sharma). Traditional ways of farming food are still used for mass demand but when considering 

a small population of individuals in space, researchers must design methods around optimal ideal 
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solutions. These systems must use modern ways of growing food that provide the requirements 

needed to sustain a healthy growth cycle of plants. The world is facing several serious issues of 

which climate variation, population rise, water scarcity, soil degradation, and food security are 

among the most significant. Aquaponics, as a closed loop system consisting of hydroponics and 

aquaculture elements, could contribute to addressing these issues Shafeena). Most aquaponics 

systems are recirculating aquaculture systems where water is continuously recycled through an 

interconnected series of fish tanks and waste treatment systems (Love). A soilless way of growth 

seems adequate when traveling in space. Naturally, soil-less culture is becoming more relevant in 

the present scenario, to cope with these challenges. In soil-less culture, plants are raised without 

soil. Improved space and water conserving methods of food production under soil-less culture 

have shown some promising results (Sardare). 

 Studies of space travel resources provide information that growing food on other plants is 

feasible but requires alternating certain attributes like soil and water development. These 

attributes like converting Mars environment int nutritional soil takes time and gases like 

nitrogen. Mars explorations have provided information about the mineral composition of the 

soils of these solar objects. In addition to rocks, they contain substantial amounts of sand-like 

soils or regolith. All essential minerals for the growth of plants appear to be present in sufficient 

quantities in both soils probably except for reactive nitrogen (Wamelink). Water on the other 

hand is far more difficult to adjust for because if the plant does not provide it then water must be 

created. Water is the most natural resource for all plant life. Without this attribute then all life 

may not be able to sustain. The process of watering plants is done manually regardless of the 

volume of water needed by plants. This research discussed an automated prototype and a system 

that has the function of watering plants based on the soil moisture level (Waworundeng). 
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2.4 Space Travel Flight and Trajectories with Uncertainty  

Earth guarantees life for humans for now but is not sustainable for the end vision of the 

human species. Earth’s sun is assumed to deplete around 4.5 billion years from now but is not 

fully guaranteed (Szocik). Being able to move throughout the solar system for humans may be 

the best potential outcome for human sustainability. With space travel there comes elevated risk 

and with that risk comes potential sacrifices (Cucinotta). Space travel is a necessary exploration 

for the sustainment of humans over years to come. Earth may be sustainable for now but with the 

increase in population and rapid climate shifts, it is a matter of time before humans will face 

drastic impact to daily life. Future missions for Mars strategies are currently being outlined and 

scientific studies are being developed to create a sustainable Martian environment where safety 

is a priority (Brooks). Mars has become the new foundation for life beyond Earth but requires 

major transformation before it is inhabitable. These foreshadowed missions to Mars will need 

proper planning and new advances in technology to be able to sustain life.  

Given that most of the biological and human health variables remained stable, or returned 

to baseline, after a 340-day space mission, these data suggest that human health can be mostly 

sustained over this duration of spaceflight (Garrett). If the commitment to establish a permanent 

presence on Mars is made, many of the challenges will need to be addressed through 

architectural design working in combination with engineering (Plester). With the next step in the 

exploration of space being a trip to the surface of Mars, it is important that all the viable options 

on how to achieve this goal be considered. While some in the aerospace and scientific 

community believe that a direct mission to the Mars surface is the best option (Kordell). 

Organizations like SpaceX and NASA have made major groundbreaking advancements towards 

future space exploration. NASA has set Mars as its long-range human exploration goal, as 
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outlined in a 2015 report titled, “NASA’s Journey to Mars: Pioneering Next Steps in Space 

Exploration”. This effort is the result of the 2010 NASA Authorization Act and National Space 

Policy. It is an effort “made possible by a sustained effort of science and exploration missions 

beyond low Earth orbit with successively more capable technologies and partnerships,” the 

report states (Askins). As a planet with striking similarities to Earth, Mars is an important focus 

for scientific research aimed at understanding the processes of planetary evolution and the 

formation of our solar system. Fortunately, Mars is also a planet with abundant natural resources, 

including accessible materials that can be used to support human life and to sustain a self-

sufficient Martian outpost (Barker).  

Technology for space exploration research is growing exponentially through modern day 

robotics and engineering design. Humans must rely on machines for survival outside of Earth’s 

atmosphere to help maintain the ability to grow and research Mars as a new planet. When people 

or the autonomous system discovers additional problems or if maintenance and repairs are not 

made according to schedule, the autonomous system creates a recovery plan to stay on schedule 

and in budget as guided by the constraints human managers place on it (Dorias). Tracking 

information along with daily status helps researchers and engineers to develop reliable tooling 

when dealing its space’s harsh environment. Low-cost wireless sensor networks developed by 

NASA can detect environmental changes and act in response to what they detect. Now RFID is 

set to make space travel even more effective through tracking (Collins). Sensors have been used 

to record temperatures in space and on Mars to understand how the environment alters when 

humans are exposed it. While heat exchangers can transfer this wasted heat to lower temperature 

applications, heat pump technologies have the possibility to upgrade this heat and make it useful 

in higher temperature applications (Assaf). Another concern for space travel revolves around the 
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growth and sustainment of food for people in space. Initiatives of space agriculture based on pre-

existent scientific experiments look for innovative solutions to reduce cost damage and manage 

resources in sustainable production systems (Souza). The Propulsion Systems Department at 

Marshall Space Flight Center (MSFC) houses not only the propulsion systems integration 

expertise but also entire branches that are focused on specialized areas such as valves, lines, and 

ducts; combustion devices (chambers, injectors, and igniters); turbomachinery; detailed thermal 

analysis of propulsion systems; detailed structural analysis of propulsion systems and 

components; detailed design; computational fluid dynamics, and rocket exhaust (McRight). A 

major objective of the NASA Mars exploration program has been to see if there are water 

sources that can serve as a raw material for the in-situ production of supplies. However, there 

already is an immense body of known, readily accessible Martian H2O that can support robust, 

self-sustaining colonies (Powell). 

Before humans get too far into exploring space and how to live on other planets, studies 

are being performed to understand the initial launch and capability to achieve the proper 

trajectory for a mission to Mars. Due to the existence of obvious uncertainties within Mars 

atmospheric entry, design, and analysis of the optimal trajectory under uncertainties play a 

significant role in reducing flight risk and maintaining guidance performance and delivery 

accuracy (Jiang). Trajectory optimization is the next steppingstone towards strengthening the 

feasibility and utility of orbits for continuous planetary polar observation (Woolley). Mars Daily 

Global Maps (MDGM) derived from the Mars Global Surveyor (MGS) Mars Orbiter Camera 

(MOC) and Mars Reconnaissance Orbiter (MRO) Mars Color Imager (MARCI) are used to 

study the distribution and evolution of Mars development over time. With this study we may 

determine the ideal location for sustainability on Mars (Wang). Launching a rocket designed to 
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deliver a payload at an exact location requires research using simulation modeling to understand 

the feasibility of performing certain maneuvers. Earth-Mars trajectories with low-energy 

requirements that also limit the (transfer) time a crew spends in interplanetary space are essential 

to the design of cost-effective, minimal-risk missions for future ongoing space exploration for 

Mars (Landau).  

2.5 Alternative Simulation Modeling Designs and Methods 

Simulation modeling has transformed the way planning and engineering think about 

decisions before initiation. Methods help understand an outcome before implementing any major 

transformation that could lead to potential failure within a system of operations. Today 

simulation helps with understanding space flight missions before they occur which helps drive 

towards a more successful mission. This timeframe is well beyond the duration astronauts and 

cosmonauts have remained confined either in a spacecraft or in a high-fidelity spaceflight 

simulation on Earth (Basner). We adopt an iterative analysis approach in which we model and 

simulate the mission architecture, assess its feasibility, implement any applicable modifications 

while attempting to remain within the constraints set forth by Mars One, and then re-simulate 

and reanalyze the revised version of the mission architecture (Do).  

NASA raised its human exploration sights toward deep space again for the first time 

since the Apollo missions to the moon. Its new goal is Mars, as well as explorations of asteroids 

and the moon, as set forth in a NASA report titled “NASA’s Journey to Mars: Pioneering Next 

Steps in Space Exploration.” It has developed an increasingly independent, steppingstone 

philosophy that gradually increases the sphere of human exploration from Low Earth Orbit 

(LEO) to deep space operations in the vicinity of the moon, to fully independent missions to 

Mars (Singer). Simulation has also helped with understanding trajectory analysis and the 
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uncertainties that remain for launching rockets into space. Several high-priority science missions 

also may benefit from the increased payload volume and reduced trip times offered by this 

powerful, versatile rocket (Hefner). Teams of engineers and scientists use data to understand 

what is occurring and how to alter or optimize procedures for space travel and machines used for 

this exploration. It involves a multidisciplinary team of applied scientists, physical scientists, and 

computer scientists to cultivate and conduct away the necessary mathematical models, 

algorithms, and software to create a virtual rocket (Abba).  

Space exploration is beginning to move toward autonomous missions; numerical 

algorithms and computation now govern our space vehicles. This rise in automation can be seen 

in a range of areas from thrust control, orbit determination, orbital maneuvers, to atmospheric re-

entry, descent, and landing (Wianecki). Another way simulation may be used for space travel is 

to understand the growth of food and how the capacity of growing food may help for the survival 

of humans in space. Providing adequate amounts of food for the crew is a major task. A crucial 

observation from the ISS is that astronauts typically consume only 80% of their daily calorie 

requirements when in space. This is despite daily exercise regimes that keep energy usage at 

similar levels to those found on Earth (Taylor). A human mission to Mars will require 

exceptionally reliable life support systems. Mars life support systems may recycle water and 

oxygen using systems. Life support for Mars must be designed, tested, and improved as needed 

to achieve high demonstrated reliability (Jones).  

2.6 Risk Factors for Astronautical Health 

Traveling through space involves multiple risk factors when dealing with its harsh 

environment for living. NASA studies space’s environment to help protect the lives of 

individuals in space as they are being exposed. Since the beginning of the space program, NASA 



 

18 
 

has recognized the potential risk of adverse health effects due to the stressors associated with 

crewed spaceflight. These stressors include altered gravity, isolation, a closed environment, and 

distance from Earth (Elgart). Multiple factors are associated with space travel not just physically 

but also mentally. Individuals undergo a true test for mental strength when understanding the risk 

associated with traveling in space. Psychological behaviors play a key role when developing a 

team meant for space travel. The internal NASA review, led by Johnson Space Center, focused 

on two elements: 1) current astronaut behavioral medicine practices and 2) a review of relevant 

records and information to determine whether any leading indicators that could have averted the 

incident were missed (NASA). “Following the standardized process, we well known in the 

industrial environment, the astronauts are considered a similar exposure group. We monitor them 

as a group, then as specific individuals, based on exposures and other factors, throughout their 

NASA career” (Tarver). Individuals selected for space travel rely heavily on research and 

science to understand the true performance outcomes that are being exposed to them daily while 

in space. The reliability study described here presents a scientific basis for implementing, but 

also highlights challenges faced by operational teams supporting humans in such unique 

environments, especially with respect to health and fitness monitoring of crew members 

travelling not only into space, but also across the world (Peterson). 

There are many associated risk factors when traveling in Space. Some of these health 

risks include psychological concerns, radiation exposure, gravitational pull, breathing 

capabilities, and sickness levels. The body experiences different operations internally due to 

space’s environment which may be fatal to an individual. Intriguingly, space flight imposes on 

the body of highly selected, well-trained, and healthy individuals (astronauts and cosmonauts) 

pathophysiological adaptive changes akin to an accelerated aging process and to some diseases 
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(Demontis). Mars atmosphere is only 600 pascals density while Earths is over 101,300 pascals. 

Astronauts will face many issues upon landing on Mars, primarily with the physical acclimation 

to the new harsh environment (Brooks). Astronauts on a mission to Mars would be exposed for 

up to 3 years to galactic cosmic rays, made up of high energy protons and high charge and 

energy nuclei. The ray’s exposure rate increases about three times as spacecraft venture out of 

Earth orbit into deep space where protection of the Earth’s magnetosphere and solid body are 

lost (Cucinotta). The sun’s exposure to the human body becomes harsher the further away from 

Earth’s atmosphere. Individuals experience a higher level of sunlight than what would be 

expected on Earth which leads to harmful levels. The radiation environment in space is a major 

concern for long duration missions due to the potential for human health effects. Elevated cancer 

risk is a well-established late outcome following exposure to ionizing radiation at the dose levels 

anticipated during exploration missions (Elgart). Exposure to space radiation increases the risks 

of astronauts developing cancer, experiencing central nervous system (CNS) decrements, 

exhibiting degenerative tissue effects, or developing acute radiation syndrome (Chancellor). 

Along with concerns like radiation and gravity, individuals must consider their brain as 

being impacted also when in space. These stresses range from environmental factors 

(microgravity and increased radiation) to social stresses (isolation, anxiety, and sleep 

deprivation). Space fight presents the further danger of isolation from medical experts, making 

preventative measures to ensure astronaut health paramount (Voorhies). The mind is under 

constant stress while in space along with being always aware. Individuals fight issues with sleep 

patterns which makes the brain become less effective in critical situations. Charged particle 

exposure caused significant and persistent reductions in dendritic arborization and spine densities 

along with alterations in synaptic integrity, findings that corroborate past work with lower 
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radiation modalities. These changes are responsible for disrupting the connectivity of the brain 

and altering cognition (Limoli). Behavioral health risks are among the most serious and difficult 

to mitigate risks of confinement in space craft during long duration space exploration missions 

(Basner). The body itself takes an impact when it comes to being weightless due to gravity. The 

muscles and bones begin to fail more rapidly with time. The body requires proper nutrients to 

develop muscles and bones and being in space individuals are limited to this nutrient density for 

continuous growth. Space flight is a new experience for man. Tension on the weight-bearing 

components of the muscular–skeletal system is reduced, as is the work required for movement. 

The body responds by a reductive remodeling of the muscular–skeletal system. Protein is lost 

from muscles with anti-gravity functions (Stein).  

Over time data collected from space missions becomes usable for analysis when 

designing and planning future missions for space exploration. Health care information is vital for 

understanding the impact individuals may endure while dealing with specific health risks. Space 

travel and health care studies have become more correlated between one another for developing a 

health guide for individuals in space. NASA has collected and analyzed more medical data, with 

a comprehensive health care system focused on astronauts in place and given the priority and 

resources that it needed for space exploration (Longnecker). Space exploration is still an open 

topic when understanding the depth as to why certain conditions are the way they are. The body 

undergoes drastic change and the only true way to understand these changes is to study them as 

they occur and plan for a better result. Figuring out the story as to how to prevent these 

conditions comes only over time. The space flight environment is known to induce bone loss 

and, subsequently, calcium loss. The longer the mission, the more bone and calcium are lost 

(Smith). Stressors that individuals in space deal with daily should be focused on for research 
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purposes more in depth to help eliminate the future potential of risks to occur. These outcomes, 

which conflict with those of other studies, indicate differing characteristics of the various subject 

populations and differences in the aggregation of unrecognized stressors, are responsible for 

disparate outcomes among studies. Studies with longer exposure durations are needed to verify 

that cognitive impairment does not develop over time in crew-like subjects (Scully). As global 

interest in deep space exploration rises, new mission architectures and new dwelling solutions 

must be sought for to accomplish longer and safer permanence in space. Less dependency from 

Earth supplies, better psychological and physical conditions for the astronauts, higher safety and 

lower energy and resources consumption are the main requirements for such missions and must 

be matched and experimented from the very beginning of human deep space exploration 

(Babakhanova).  

Chapter 3 Measurement of Nutritional Performance  

3.1 Introduction 

Astronauts require a healthy nutritional diet to sustain their mental and physical stature 

while traveling to mars. Without the proper vitamins and minerals astronauts may suffer greater 

health conditions than they think. Doctors have evaluated humans and based each vitamin, 

mineral, and amino acid to have a significant impact to human health based on the daily 

recommended nutritional value. Issues with nutritional balance when traveling to space is how 

and where individuals receive these compound structures. Food plays a key role when 

determining the overall performance of an individual when selecting proper candidates for space 

travel over long durations of time. This research chapter plans to show the nutritional breakdown 

structure of individual foods based on nutrient density and what is defined as a “healthy” 



 

22 
 

measurement. The data collected for each individual food helped determine the overall selection 

for what foods to grow in chapter 4 for simulation modeling.  

The objective of chapter 4 relies around the nutrient compound structure that makes up 

and individual food and how it is relatable across multiple categorical types of food. Vitamins, 

minerals, and amino acids consist of different elements, broken down in the body for specific 

purposes. Each element is obtained through the consumption and digestion of food, or the body 

may potentially produce the element also through natural development of evolution. There are 

fourteen essential vitamins, sixteen minerals and twenty-one amino acids that the body is 

recommended to break down daily for sustainability relating to an individual’s health 

performance. Section 3.2 breaks down each individual nutrient element for vitamins, minerals 

and amino acids which associates them back to food groups they are found in. Section 3.3 

measures each nutritional compound for specific foods and compares them between one another 

when calculated back to a single gram amount. In section 3.4 the daily recommended amount of 

each nutrient compound is evaluated based on their units of measurement along with what 

individuals’ food carries the most supplemental value per gram. Finally, section 3.5 takes each 

induvial comparison of nutrients analyzed for further determination for the selection process of 

what food is to be used for simulation modeling further in chapter 4 using value-based decision 

making.  

3.2 Nutritional Compound Breakdown Analysis 

 Vitamins consists of Vitamin A, C, D, E, K, Choline, Thiamine (B1), Riboflavin (B2), 

Niacin (B3), Pantothenic Acid (B5), Pyridoxine (B6), Biotin (B7), Folic Acid (B9), 

Cyanocobalamin (B12). Each vitamin performs a specific role in helping support the body. The 

daily recommended amount of each vitamin is based displayed in table 1. Most food containing 
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vitamins consists of vegetables, herbs & spices, fruit, nuts, and seeds. These foods are naturally 

grown from a plant and may provide a person with the required daily number of vitamins and 

minerals. Vitamins are broken down into what support it may provide the body along with foods 

that contain the highest number of milligrams of nutrition per gram of food.  

Minerals work differently in the body when it comes down to what they support and keep 

healthy. There are two types of minerals: regular and trace. Both are needed for functionality 

within the body. The sixteen minerals are Calcium, Chloride, Chromium, Copper, Fluoride, 

Iodine, Iron, Magnesium, Manganese, Molybdenum, Phosphorus, Potassium, Selenium, Sodium, 

Sulfur, and Zinc. Each daily recommended amount is displayed on table 2. Minerals are 

consumed through Earth’s environment of gases and surroundings. Minerals in food must be 

considered when growing in soil. Certain foods produce rich mineral soil and do not work well 

when planted next to other foods that are rich in a different mineral. Some minerals coexist with 

each other, but most should be monitored still. Astronauts growing food in space must maintain a 

specific growing area for certain foods or it could ruin more than one crop. Food that contains 

substantial amounts of minerals per gram are nuts and seeds, fish, grains, mushrooms, herbs, 

spices, cocoa, some fruit, and dark leafy green vegetables.  

Amino acids on the other hand work highly with many bodily functions that affect the 

overall performance of an individual. There are three categories of amino acids: essential, 

nonessential, and conditional. Your body cannot produce essential amino acids. These must be 

obtained by an external source, usually through food or supplementation. Most people can get 

enough essential amino acids through their diets. The essential amino acids are histidine, 

isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine. 

Nonessential amino acids are those which your body naturally produces throughout the day 
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whether you eat food that contains them. The nonessential amino acids are alanine, asparagine, 

aspartic acid, and glutamic acid. Finally, are conditional amino acids which are produced only 

under specific circumstances, typically when your body is fighting off an illness or dealing with 

stress. The conditional amino acids are arginine, cysteine, glutamine, tyrosine, glycine, ornithine, 

proline, and serine. Each nutrient is broken-down into individual compounds showing relatable 

foods as:  

• Essential Vitamins 

o Vitamin A (Retinoids) - is important for normal vision, the immune system, and 

reproduction. Vitamin A also helps the heart, lungs, kidneys, and other organs 

work properly. Given the concern with retina problems from traveling through 

space, vitamin A may help prevent vision loss for astronauts. This vitamin may 

support the immune system, while promoting growth and reducing cancer.  

o Vitamin C (Ascorbic Acid) - may include protection against immune system 

deficiencies, cardiovascular disease, prenatal health problems, eye disease, and 

even skin wrinkling. Vitamin C helps with reducing the risk for cancer, memory 

loss and iron deficiency, while boosting the immune system. This vitamin is a 

nutrient your body needs to form blood vessels, cartilage, muscle, and collagen in 

bones. Vitamin C is also vital to your body's healing process. Vitamin C is an 

antioxidant that helps protect your cells against the effects of free radical 

molecules produced when your body breaks down food or is exposed to tobacco 

smoke and radiation from the sun, X-rays, or other sources.  

o Vitamin D (Calciferol) – helps by boosting the immune system and fighting 

common diseases. Vitamin D helps prevent depression while supporting weight 

https://ods.od.nih.gov/factsheets/VitaminA-Consumer/
https://ods.od.nih.gov/factsheets/VitaminA-Consumer/
https://ods.od.nih.gov/factsheets/VitaminA-Consumer/
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loss. Vitamin D also helps strengthen teeth and bones. Not a lot of foods carry the 

vitamin D trait which does hurt astronauts because they are traveling away from 

the sun which produces the healthiest form of vitamin D.  

o Vitamin E (Alpha-Tocopherol) - is a fat-soluble nutrient found in many foods. 

In the body, it acts as an antioxidant, helping to protect cells from the damage 

caused by free radicals. Free radicals are compounds formed when our bodies 

convert the food we eat into energy. The body also needs vitamin E to boost its 

immune system so that it can fight off invading bacteria and viruses. It helps to 

widen blood vessels and keep blood from clotting within them. In addition, cells 

use vitamin E to interact with each other and to conduct many crucial functions. 

o Vitamin K (Phylloquinone) - helps to make various proteins that are needed for 

blood clotting and the building of bones. Prothrombin is a vitamin K-dependent 

protein directly involved with blood clotting. Osteocalcin is another protein that 

requires vitamin K to produce healthy bone tissue. Vitamin K is found throughout 

the body including the liver, brain, heart, pancreas, and bone. It is broken down 

very quickly.  

o Choline - helps with brain development by reducing the risk of stroke and 

improving the cognitive and memory chambers of the brain. This vitamin helps 

astronauts by reducing issues with the brain, given the psychological impact the 

trip has on them. Choline also may improve functions within the body like 

forming cell membranes and communicating between neurons.  

o Thiamine (B1) - helps prevent complications in the nervous system, brain, 

muscles, heart, stomach, and intestines. It is also involved in the flow of 
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electrolytes into and out of muscle and nerve cells. It helps prevent diseases such 

as beriberi, which involves disorders of the heart, nerves, and digestive system. 

This vitamin also reduces inflammation.  

o Riboflavin (B2) - helps break down proteins, fats, and carbohydrates. It plays a 

vital role in maintaining the body’s energy supply. Riboflavin helps convert 

carbohydrates into adenosine triphosphate (ATP). The human body produces ATP 

from food, and ATP produces energy as the body requires it. The compound ATP 

is vital for storing energy in muscles. With this vitamin liver, digestive system, 

eyes, nerves, skin, and muscles get beneficial results upon consumption.  

o Niacin (B3) – will be one of the more difficult raw consumption vitamins for 

astronauts to find when growing food. Niacin helps break food down for energy 

within the body and speeds up one’s metabolism. Vitamin B3 also supports the 

nervous systems stabilization, digestive system process, and skin health. One 

reason this vitamin will be difficult is because it shows large percent of mcg 

vitamin per gram of food comes from animal products.  

o Pantothenic Acid (B5) – also helps with the digestion of food into energy 

consumption. Vitamin B5 also supports healthy skin, eyes, and hair, while also 

carrying oxygen to red blood cells. This vitamin shows proper functioning for the 

liver and nervous system also.  

o Pyridoxine (B6) - is needed for proper brain development (in kids) and function 

for people of all ages. It helps the body make the hormones serotonin (which 

regulates mood) and norepinephrine (which helps your body cope with stress). 

Vitamin B6 also helps the body make melatonin, which is important in helping 

https://www.medicalnewstoday.com/articles/161547.php
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regulate your internal clock and your sleep. Feelings and emotions play a factor 

on astronauts when traveling in space away from Earth. This vitamin may also 

impact Alzheimer’s risk for astronauts.  

o Biotin (B7) – helps promote blood sugar balance by helping transfer insulin be 

absorbed throughout the cells. This vitamin has shown significant beneficial 

results for studies towards diabetes and other pancreatic issues. Biotin also 

strengthens fingernail and hair growth. Skin hydration also may show meaningful 

results when consuming Biotin.  

o Folic Acid (B9) – also known as folate helps make red blood cells, while also 

supporting brain functions, spinal cord development and fatigue reduction. This 

allows astronauts to regulate their energy without feeling tired or weak being 

under spaces conditions.  

o Cyanocobalamin (B12) – is exceedingly difficult to find outside of the animal 

product consumption. This vitamin plays a crucial role in development of the 

body for astronauts and must be supplemented because a deficiency may be fatal. 

This vitamin does support bone health, along with reducing muscular 

deterioration. The main impact for astronauts is the mood and depression control 

vitamin b12 plays on the body. B12 boosts energy to prevent fatigue and brain 

neuron loss.  

• Essential Minerals: 

o Calcium – plays an influential role for astronauts when traveling through space. 

This mineral helps promote bone strength, where a huge issue on traveling to 

Mars for astronaut’s health is muscle and bone deterioration due to gravity. 
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Calcium may also help with reducing the risk of cancer but does increase the risk 

of developing kidney or calcium stones.  

o Chloride - helps move fluid in and out of your cells. Chloride is one of the most 

important electrolytes in the blood. It helps keep the amount of fluid inside and 

outside of your cells in balance. It also helps maintain proper blood volume, blood 

pressure, and pH of your body fluids. This mineral also helps with digestion, 

oxygenation, and muscle contraction.  

o Chromium – helps regulate blood sugar and promote insulin within the body. 

Chromium also helps with enhancing one’s metabolism. Humans may regulate 

tiny amounts of this trace mineral for sufficient survival.  

o Copper – plays a significant role for astronauts especially when traveling through 

space. Copper may reduce the risk of osteoporosis, which bone deficiency for 

astronauts is critical when being under weightless conditions. Copper itself does 

help with immune boosting, cardiovascular health, and blood cell production. 

Copper also helps maintain healthy bones, blood vessels, nerves, and immune 

function, and it contributes to iron absorption. 

o Fluoride – helps strengthen teeth and prevent cavities. 

o Iodine – supports growth and development of the body. This mineral enhances 

bone and brain development over time. Iodine makes thyroid hormones for the 

body that help regulate the body’s metabolism.  

o Iron - plays one of the most major roles for astronaut consumption, because of 

the beneficial impact it has on the body. Iron helps transport oxygen throughout 

https://www.uofmhealth.org/health-library/ste122049#ste122049-sec
https://www.uofmhealth.org/health-library/stp1367#stp1367-sec


 

29 
 

the body reducing the fatigue levels of organs and muscles. This helps boost 

growth of muscles and bones while supporting a protein rich body.  

o Magnesium – is found in many different foods and plays multiple roles in 

supporting the body. A deficiency in this could cause fatal issues for astronauts. 

Magnesium helps create energy, form proteins, muscle movement, nervous 

system operations and development, boost performance, lower blood sugar, 

reduce brain migraines and reduce inflammatory areas. This may also help with 

DNA regulations.  

o Manganese – shows beneficial results towards metabolism enzyme activation 

along with bone health. This mineral helps reduce risk of brain diseases, which 

for astronauts is critical when discussing psychological concerns on traveling to 

mars. Manganese also reduces blood pressure and inflammation.  

o Molybdenum – helps process proteins like DNA and break down toxic 

substances within the body. This may also have some significant help in 

protecting the body against radiation.  

o Phosphorus – is another food that may be another essential nutrient hard for 

astronauts to consume in space given a heavy percent of daily recommended 

amount requires a lot of vegetables to equal a small animal product portion. This 

mineral makes up 1% of total body weight and helps structure bones and teeth. 

Another role phosphorus plays in supporting the body, is by breaking down 

carbohydrates and fats. This mineral is needed for protein growth and repair of 

cells and tissues.  
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o Potassium – regulates a person’s heartbeat while helping the nerves and muscles 

in the body contract. This helps with keeping astronauts healthy in space through 

body functions and movement. Potassium also regulates fluid balance and how 

liquids transfer within the body.  

o Selenium - is important for reproduction, thyroid gland function, DNA 

production, and protecting the body from damage caused by free radicals and 

from infection. Selenium also may help prevent brain function decline rate for 

astronauts facing psychological concerns.  

o Sodium – helps balance the fluids within the body, send nerve impulses, muscle 

contraction and blood flow. This mineral also helps reduce blood pressure.  

o Sulfur – plays a significant role in the body and is necessary for the synthesis of 

certain key proteins. Sulfur is needed for the synthesis of amino 

acids cysteine and methionine. Sulfur works best for strengthening hair, skin, 

nails, and body extremities.  

o Zinc - is found in cells throughout the body. It helps the immune system fight off 

invading bacteria and viruses. The body also needs zinc to make proteins and 

DNA, the genetic material in all cells. Zinc also helps wounds heal and is 

important for proper senses of taste and smell.  

• Essential Amino Acids: Your body cannot produce essential amino acids. These must be 

obtained by an external source, usually through food or supplementation. Most people 

can get enough essential amino acids through their diets. The essential amino acids are 

histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, 

and valine. 

https://ods.od.nih.gov/factsheets/Selenium-Consumer/
https://ods.od.nih.gov/factsheets/Selenium-Consumer/
https://www.verywellhealth.com/the-benefits-of-l-cysteine-89468
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o Histidine helps support growth, red blood cell creation, and muscle and tissue 

repair. It also creates protective layers for specific nerves.  

o Isoleucine helps with wounds healing, immunity booster, blood sugar regulator, 

and hormone production. This amino acid helps regulate high energy and could 

cause shaking and weakness when deficient.  

o Leucine helps regulate blood sugar levels and aids the growth and repair of 

muscle and bone. It is also necessary for wound healing and the production of 

growth hormones. Leucine deficiency can lead to skin rashes, hair loss, 

and fatigue. 

o Lysine plays a vital role in building muscle, maintaining bone strength, aiding 

recovery from injury or surgery, and regulating hormones, antibodies, and 

enzymes. It may also have antiviral effects. There is not a lot of research available 

on lysine deficiency, but a study on rats indicates that lysine deficiency can lead 

to stress-induced anxiety. 

o Methionine plays a role in supporting health, hair and nails in repair and growth, 

while helping to remove metals like mercury from the body.  

o Phenylalanine helps the body use other amino acids as well as proteins and 

enzymes. The body converts phenylalanine to tyrosine, which is necessary for 

specific brain functions. Phenylalanine deficiency, though rare, can lead to poor 

weight gain in infants. It may also cause eczema, fatigue, and memory problems. 

o Threonine is useful for hair and teeth growth, while also helping burn fat and 

maintain issues like depression, anxiety, and digestion problems.  

https://www.medicalnewstoday.com/articles/70956.php
https://www.medicalnewstoday.com/articles/248002.php
https://academic.oup.com/jn/article/132/12/3744/4712135
https://www.medicalnewstoday.com/info/anxiety/
https://www.medicalnewstoday.com/articles/14417.php
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o Tryptophan is necessary for proper growth in infants and is a precursor 

of serotonin and melatonin. Serotonin is a neurotransmitter that regulates appetite, 

sleep, mood, and pain. Melatonin also regulates sleep. Tryptophan is a sedative, 

and it is an ingredient in some sleep aids. One study indicates that tryptophan 

supplementation can improve mental energy and emotional processing in healthy 

women. Tryptophan deficiency can cause a condition called pellagra, which can 

lead to dementia, skin rashes, and digestive issues. 

o Valine is essential for mental focus, muscle coordination, and emotional calm. 

People may use valine supplements for muscle growth, tissue repair, and energy. 

Deficiency may cause insomnia and reduced mental function.  

•  Nonessential amino acids: Nonessential amino acids are those which your body 

naturally produces throughout the day whether you eat food that contains them. The 

nonessential amino acids are alanine, asparagine, aspartic acid, and glutamic acid. 

o Alanine is an amino acid that is used to make proteins. It is used to break down 

tryptophan and vitamin B6. It is a source of energy for muscles and the central 

nervous system. It strengthens the immune system. And it helps the body use 

sugars. A deficiency in this amino acid may cause muscle weakness and fatigue.  

o Asparagine is an amino acid chain that focuses on the biosynthesis of proteins 

consumed from food. A deficiency in this acid leads to severe cognitive 

impairment. It manifests with microcephaly, intractable seizures, and progressive 

cerebral atrophy. 

https://www.medicalnewstoday.com/kc/serotonin-facts-232248
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/chronic-treatment-with-a-tryptophanrich-protein-hydrolysate-improves-emotional-processing-mental-energy-levels-and-reaction-time-in-middleaged-women/AB54DC8C47AF5C589B87EDD30B382386
https://www.medicalnewstoday.com/articles/142214.php
https://www.medicalnewstoday.com/articles/9155.php
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o Aspartic acid is used for muscle strength, performance, mineral absorption, and 

cognitive thinking. This acid, when deficient, may cause muscle fatigue, 

weakness, tiredness, and impaired memory.  

o Glutamic acid is an amino acid used to form proteins. In the body it turns into 

glutamate. This is a chemical that helps nerve cells in the brain send and receive 

information from other cells. It may be involved in learning and memory. 

Deficiency may cause memory loss, sleepiness, fatigue, Alzheimer’s, and even 

dementia.  

• Conditional amino acids: These amino acids are produced only under specific 

circumstances, typically when your body is fighting off an illness or dealing with stress. 

The conditional amino acids are arginine, cysteine, glutamine, tyrosine, glycine, 

ornithine, proline, and serine. 

o Arginine is 32% nitrogen, and has several functions including accelerating 

insulin secretion, stimulating protein regeneration, and promoting the transport of 

amino acids into the cells. Nitric oxide is essential for wound healing because it 

increases the oxygen and blood flow to the wound, increases collagen formation, 

and reduces inflammation.  

o Cysteine is required to synthesize glutathione, the cell's major antioxidant that 

plays a key role during tissue repair and collagen synthesis. It promotes positive 

nitrogen balance by minimizing muscle breakdown and rebuilding lean body 

mass. Cysteine deficiencies identified by inherited metabolic disorders or reduced 

levels in body fluid have been associated with impaired antioxidant defenses, 
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decreased ability to metabolize drugs or toxic compounds, depressed immune 

functions, some psychoses and homocystinuria  

o Glutamine functions as a fuel source for fibroblasts and epithelial cells needed 

for healing. While the safe maximum dosage for glutamine has been established 

as 0.57 grams per kilogram of body weight, studies on the effectiveness of 

consuming supplements containing glutamine to heal wounds are inconclusive. 

This amino acid is found supporting the liver, heart, brain, lungs, and circulatory 

system. Deficiency in this amino could potentially lead to death if untreated for a 

lengthy period.  

o Tyrosine is a popular dietary supplement used to improve alertness, attention, and 

focus. It produces important brain chemicals that help nerve cells communicate 

and may even regulate mood. Deficiency may delay development of motor skills 

such as sitting unsupported or reaching. People may have stiff muscles, especially 

in the arms and legs; unusual body positioning; droopy eyelids (ptosis); and 

involuntary upward-rolling eye movements. The autonomic nervous system, 

which controls involuntary body functions, may also be affected. Resulting signs 

and symptoms can include constipation, backflow of stomach acids into the 

esophagus (gastroesophageal reflux), and difficulty regulating blood sugar, body 

temperature, and blood pressure.  

o Glycine helps produce creatine, make antioxidants, joint pain, and skin repair, 

sleep deprivation, liver support, heart disease prevention, and muscle building. 

Micronutrient deficiencies could trigger responses that accelerate cancer and 
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neural decay in exchange for maintaining immediate metabolic processes, like 

production of ATP. Deficiency also leads to heart disease and obesity concerns.  

o Ornithine is commonly used by mouth for improving athletic performance. It is 

also used for weight loss, wound healing, and to increase sleep quality. This 

comes heavily through animal meats for muscle definition. Deficiency may lead 

to an inherited disorder that causes ammonia to accumulate in the blood. 

Ammonia, which is formed when proteins are broken down in the body, is toxic if 

the levels become too high. 

o Proline plays important roles in protein synthesis and structure, metabolism 

(particularly the synthesis of arginine, polyamines, and glutamate), and nutrition, 

as well as wound healing, antioxidative reactions, and immune responses. 

Deficiencies were linked with joint hyperlaxity, skin hyper elasticity, cataract, 

mental retardation with hyperammonemia, and low citrulline.  

o Serine helps fight major health conditions like Lou Gehrig’s Disease and 

Alzheimer’s, while also supporting thinking skills, fighting depression, reducing 

insomnia, preventing Parkinson’s, and muscle fatigue. Deficiency leads to nausea, 

vomiting, and stomach upset, kidney failure, eye problems, seizures, digestive 

issues, and brain malfunctions with the nervous system.  

3.3 Food Relativity to Nutritional Compound Structure 

Based on the conditions, and population studies provided by Dr. Bernand, Fuhrman, and 

others conclude that one preventive way for reducing the rate of potential risk of receiving a 

condition is to consume a plant-based diet. Fruits and vegetables are found to be rich in vitamins 

and minerals while meat and dairy carry considerable amounts of amino acids. When comparing 

https://www.webmd.com/oral-health/ss/slideshow-mouth-problems
https://www.webmd.com/diet/default.htm
https://www.webmd.com/sleep-disorders/default.htm
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a breakdown of specific foods, the analysis shows that per given gram of food vegetables 

contains the most nutrient richness for vitamins and minerals but lack regarding amino acid 

chains. Where the lack in nutrients comes from is in amino acids and vitamin B12 which both 

play a key role in human evolution. Chart 1 explains the nutrient values per gram for specific 

foods along with their total rank overall. So, for an astronaut to stay healthy throughout space 

travel they must be able to grow food during the travel and once upon landing along with 

supplementing certain nutrients found in specific foods outside of what is being grown.  

 

Figure 1: Amount of nutrients per one gram of food.  

 After evaluating the data, foods fish with specific nutrients are as followed:  

o Vitamin A (Retinoids)  

▪ Foods that contain considerable amounts of vitamin A are sweet potatoes, 

carrots, spinach, kale, greens, lettuce, peppers, broccoli, asparagus, and 

tomatoes.  

o Vitamin C (Ascorbic Acid)  
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▪ Foods that have considerable amounts of vitamin C are peppers, broccoli, 

brussel sprouts, strawberries, pineapple, oranges, kale, cantaloupe, greens, 

berries, tomatoes, lemons, spinach, and limes.  

o Vitamin D (Calciferol)  

▪ Nutrient rich Vitamin D foods are fish, milk, eggs, and mushrooms.  

o Vitamin E (Alpha-Tocopherol)  

▪ Foods that contain vitamin E are seeds, spinach, greens, asparagus, 

broccoli, kale, peppers, tomatoes, avocados, berries, and carrots.  

o Vitamin K (Phylloquinone)  

▪ Vitamin K rich foods are kale, spinach, greens, broccoli, asparagus, 

lettuce, cabbage, and cauliflower.  

o Choline  

▪ Food containing choline are eggs, fish, collard greens, brussel sprouts, 

broccoli, asparagus, cauliflower, and spinach.  

o Thiamine (B1)  

▪ Foods that contain vitamin B1 are asparagus, seeds, brussel sprouts, 

spinach, cabbage, lettuce, beans, peas, oats, peanuts, and lentils.  

o Riboflavin (B2)  

▪ Foods that contain vitamin B2 are spinach, greens, asparagus, broccoli, 

kale, peppers, and soybeans.  

o Niacin (B3)  

▪  Foods that contain niacin are meat, fish, tomatoes, rice, potatoes, and 

peas.  
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o Pantothenic Acid (B5)  

▪ Vitamin B5 rich foods are mushrooms, sweet potatoes, broccoli, 

asparagus, peppers, avocado, and cucumbers.  

o Pyridoxine (B6)  

▪ High intake amounts of vitamin B6 can be found in fish, spinach, peppers, 

garlic, meat, sweet potatoes, bananas, broccoli, kale, and carrots.  

o Biotin (B7)  

▪ Foods containing substantial amounts of biotin per gram of food are 

peanuts, tomatoes, almonds, onions, carrots, lettuce, cauliflower, and 

sweet potatoes.  

o Folic Acid (B9)  

▪ Folate is found in foods like lentils, asparagus, spinach, broccoli, beets, 

lettuce, cauliflower, and several types of beans.  

o Cyanocobalamin (B12)  

▪ Animal products contain B12 but there are tiny amounts in mushrooms 

which could be possible to grow in space.  

• Essential Minerals: 

o Calcium  

▪ Food’s high in calcium are Collard greens, spinach, beet greens, turnips, 

bok choy, kale, and cheese.  

o Chloride  

▪ Foods that contain chloride are fish, processed meat, cheese, eggs, bread, 

and beans cooked in tomato sauce.  
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o Chromium  

▪ Food’s rich in Chromium are broccoli, barley, oats, green beans, tomatoes, 

lettuce, and black pepper.  

o Copper  

▪ Food containing substantial amounts of copper are sesame seeds, cashews, 

soybeans, mushrooms, spinach, asparagus, and kale.  

o Fluoride  

▪ Food with fluoride is shrimp, raisins, grapes, spinach, potatoes, and some 

teas.  

o Iodine  

▪ Foods containing iodine are fish, eggs, milk, and strawberries.  

o Iron  

▪ Foods’s rich in iron are spinach, swiss chard, cumin, turmeric, beet greens, 

asparagus, and different greens.  

o Magnesium  

▪ Foods containing considerable amounts of magnesium are spinach, beet 

greens, soybeans, variable beans, quinoa, variable nuts, variable seeds, 

oats, and rice.  

o Manganese  

▪ Food that contains copious amounts of manganese are oats, rice, spinach, 

beans, pineapple, berries, kale, and garlic.  

o Molybdenum  
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▪ Food that contains molybdenum are lentils, peas, beans, oats, tomatoes, 

lettuce, cucumbers, carrots, and peanuts.  

o Phosphorus  

▪ Food that shows the most significant amount of phosphorus per gram are 

fish, meat, yogurt, dairy, oats, peas, broccoli, and spinach.  

o Potassium  

▪ Potassium rich foods are beet greens, spinach, beets, brussel sprouts, 

broccoli, tomatoes, carrots, kale, lettuce, and potatoes.  

o Selenium  

▪ Foods that contain considerable amounts of selenium are fish, mushrooms, 

asparagus, meat, rice, seeds, milk, spinach, and garlic. 

o Sodium  

▪ Foods containing sodium are pickles, tomatoes, cheese, beets, cantaloupe, 

carrots, celery, spinach, artichokes, and fish.  

o Sulfur  

▪ Foods’s rich in sulfur are meat, fish, beans, peas, nuts, seeds, asparagus, 

broccoli, brussel sprouts, onion, oats, wheat, peaches.  

o Zinc  

▪ Nutrient dense foods containing zinc are beef, spinach, asparagus, 

mushrooms, seeds, quinoa, peas, oats, and broccoli.  

• Essential Amino Acids:  

o Histidine  
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▪ Foods rich in histidine are protein rich foods such as meat, dairy products, 

legumes, fish, nuts, seeds, eggs, and whole grains. 

o Isoleucine  

▪ Foods containing meat, fish, poultry, eggs, cheese, lentils, nuts, and seeds. 

Dairy, soy, beans, and legumes. 

o Leucine  

▪ Foods containing leucine are fish, rice, eggs, soybeans, nuts, and red meat.  

o Lysine  

▪ Foods containing lysine are meat, cheese, fish, eggs, soybeans, spirulina, 

and fenugreek seed.  

o Methionine  

▪ Foods containing methionine are fish, beef, lamb, nuts, soybeans, lentils, 

and some grains.  

o Phenylalanine  

▪ Foods containing Phenylalanine are milk, eggs, cheese, nuts, soybeans, 

chicken, beef, pork, beans, and fish.  

o Threonine  

▪ Foods containing threonine are beef, lamb, pork, cheese, tofu, seeds, flax 

seed, lentils, and nuts.  

o Tryptophan  

▪ Foods containing tryptophan are cheese, chicken, eggs, fish, milk, and 

nuts and seeds.  

o Valine 
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▪ Foods containing valine are beef, chicken, fish, tofu, yogurt, beans, peas, 

seeds, and oatmeal.  

•  Nonessential amino acids 

o Alanine  

▪ Foods containing alanine are meat, poultry, fish, eggs, milk, cheese, and 

avocadoes.  

o Asparagine  

▪ Foods containing asparagine include dairy, whey, beef, poultry, eggs, fish, 

seafood, asparagus, potatoes, legumes, nuts, seeds, soy, and whole grains.  

o Aspartic acid  

▪ Foods containing aspartic acid are chicken, nectarines, fish, eggs, 

asparagus, and avocadoes.  

o Glutamic acid  

▪ Foods containing glutamic acid include meat, poultry, fish, eggs, and dairy 

products.  

• Conditional amino acids:  

o Arginine  

▪ Foods containing arginine are meat, fish, nuts, seeds, legumes, whole 

grains, and dairy products.  

o Cysteine  

▪ Foods containing cysteine are poultry, egg, beef, and whole grains. 

o Glutamine  
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▪ Foods containing glutamine are red cabbage, seafood, grass-fed meat, 

eggs, legumes, milk, yogurt, nuts, ricotta cheese, beans, parsley, dark leafy 

greens, and organ meat.  

o Tyrosine  

▪ Foods containing Tyrosine are soy products, chicken, turkey, fish, peanuts, 

almonds, avocados, bananas, milk, cheese, yogurt, cottage cheese, lima 

beans, pumpkin seeds, and sesame seeds. 

o Glycine  

▪ Foods containing glycine are red meat, seeds, chicken, pork, nuts, fish, 

and granola.  

o Ornithine 

▪ Foods containing ornithine are meat, fish, dairy, and eggs.  

o Proline 

▪ Foods containing proline are bone broth, chicken, pork, and fish.  

o Serine  

▪ Foods containing Serine are soybeans, nuts (especially peanuts, almonds, 

and walnuts), eggs, chickpeas, lentils, meat, and fish (especially shellfish). 

Breaking each food into categories and then evaluating the per gram amount of each 

characteristic making up that food can be observed in Chart 2. Food categories are meat, dairy, 

vegetables, nuts, seeds, fish, fruits, herbs, and whole grains. Food was observed for nutrient 

richness, amino acids, vitamins, and minerals. Each food also contains information regarding fat 

amount, calories, fiber intake, sugars, cholesterol, protein, and water amount. These values help 

derive a value-based decision-making process discussed in section 3.5. Vitamins, minerals, and 
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amino acids are broken out for visualization respectively to each amount consumed in one gram 

amount of food.  

 

Figure 2: Specific foods broken into categories measured by mg/food gram (vitamins) 
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Figure 3: Specific foods broken into categories measured by mg/food gram (minerals).

 

Figure 4: Specific foods broken into categories measured by mg/food gram (amino acids). 

Vitamins are rich in the vegetable, herbs, and fruits categories when looking at individual 

values per gram. Research shows the lack of nutrition for vitamins for these amounts in meat, 

fish, and whole grains. Herbs top the chart with the highest number of vitamins per one gram of 

food which is why these items are consumed on a small scale because too much may be toxic to 

the human body. When trying to receive considerable amounts of vitamins in space individuals 

must consume foods that relate to these groups to maintain a healthy performance. A lack of 

these vitamin nutrients may cause detrimental health concerns explained in chapter 5.  

One vitamin is found to not be associated in any category other than meat, dairy fish, and 

exceptionally low amount in beans. Vitamin B12 is found in animal products and plays a 

significant impact on the human body. This is where for astronauts their brain and psychological 

health becomes a concern. Vitamin B12 deficiency causes tiredness, weakness, constipation, loss 

of appetite, weight loss, and megaloblastic anemia. Nerve problems, such as numbness and 

tingling in the hands and feet, can also occur. Other symptoms of vitamin B12 deficiency include 

https://ods.od.nih.gov/factsheets/VitaminB12-Consumer/
https://ods.od.nih.gov/factsheets/VitaminB12-Consumer/
https://ods.od.nih.gov/factsheets/VitaminB12-Consumer/
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problems with balance, depression, confusion, dementia, poor memory, and soreness of the 

mouth or tongue. Vitamin B12 deficiency can damage the nervous system even in people who do 

not have anemia, so it is important to treat a deficiency as soon as possible. This concern for 

astronauts should be an elevated risk, because with b12 deficiency, astronauts may not be 100% 

reliable with their functions for survival. One’s motor skills are not as sharp as they should be, 

along with strong concerns of memory loss.  

 Minerals on the other hand are shown to be of high value when consuming food groups 

like nuts, seeds, legumes, and dark leafy greens. To achieve a healthy balance for minerals in 

space individuals must find ways to grow foods like beans and leafy greens to obtain the nutrient 

density required from daily consumption. A lack of minerals is shown to be associated to food 

groups of fruits, whole grains, and animal products. A lack of these mineral nutrients may cause 

detrimental health concerns explained in chapter 5.  

When planning for food this becomes important because food can expire and within that 

duration. This does allow though the planning of growing food during this time. Another concern 

is amino acid deficiency which is also found in high dosages from animal products. Chart 4 

shows the level of amino acid breakdown per individual gram of food. These amino acid chains 

help multiple different areas of the human body. Amino acids are grouped into three categories – 

Essential, Nonessential, and Conditional. Amino acids are shown to be high in animal products 

which makes space travel difficult given the lack of resources to produce this type of food. 

Amino acids are found heavily in foods groups associated with animal products, dairy meat, and 

fish but also in legumes, lentils, and nuts. Foods lacking amino acids are fruits, vegetables, and 

whole grains. A lack of amino acid nutrients may cause detrimental health concerns explained in 

chapter 5.  

https://ods.od.nih.gov/factsheets/VitaminB12-Consumer/
https://ods.od.nih.gov/factsheets/VitaminB12-Consumer/
https://ods.od.nih.gov/factsheets/VitaminB12-Consumer/
https://medlineplus.gov/ency/article/002222.htm


 

47 
 

3.4 Required Nutritional Balance Measures 

 Doctors recommend a balance of specific foods to be consumed daily to achieve the ideal 

amount of nutrients based around a 2000 calorie intake. This does vary by person but is 

recommended for the average person to maintain a healthy performance internally of the body. 

To calculate the amount received of each nutrient associated to one gram of food a conversion 

factor was used in the database for reliability across the data comparison. Each vitamin, mineral 

and amino acid is required to be obtained for a balanced healthy performance from doctors and is 

achieved through the amounts below.  

Table 1: shows the daily doctor recommended amount of vitamin consumption per day for an adult.  

• Nutrient Name Daily Value Units 

Calcium 1000 milligrams 

Iron 18 milligrams 

Magnesium 400 milligrams 

Phosphorus 1000 milligrams 

Potassium 3500 milligrams 

Selenium 70 micrograms 

Sodium 2400 milligrams 

Sulfur 13 milligrams 

Chromium 120 micrograms 

Copper 2 milligrams 

Fluorine 4 milligrams 

Iodine 150 micrograms 

Manganese 2 milligrams 

Molybdenum 75 micrograms 

Zinc 15 milligrams 

Chloride 530 micrograms 
 

Table 2: Shows the amount of daily recommended nutrient that should be consumed by an adult for each 

mineral. 

Nutrient Name Daily Value Units 

Biotin 300 micrograms 

Folic Acid 400 micrograms 

Niacin 20 milligrams 

Pantothenic Acid 10 milligrams 

Riboflavin 1.7 milligrams 
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Thiamine 1.5 milligrams 

Vitamin A 900 micrograms 

Vitamin B6 2 milligrams 

Vitamin B12 6 micrograms 

Vitamin C 60 milligrams 

Vitamin D 100 micrograms 

Vitamin E 15 milligrams 

Vitamin K 80 micrograms 

Choline 550 micrograms 
 

Table 3: Shows the amount of daily recommended nutrient that should be consumed by an adult for each amino 

acid.  

Nutrient Name 
Daily 
Value 

Units 

Histidine 14 milligrams 

Isoleucine 19 milligrams 

Leucine 42 milligrams 

Lysine  38 milligrams 

Methionine  19 milligrams 

Phenylalanine  33 milligrams 

Threonine 20 milligrams 

Tryptophan 5 milligrams 

Valine 24 milligrams 

Alanine 2 grams 

Asparagine  7 grams 

Aspartic acid  2000 milligrams 

Glutamic acid  5 grams 

Arginine  6 grams 

Cysteine  300 milligrams 

Glutamine 30 grams 

Tyrosine 150 milligrams 

Glycine 3 grams 

Ornithine 2 grams 

Proline 5 grams 

Serine 4 grams 
  

These daily recommended amounts for space travel become difficult track for studies 

when individuals are in space because of the lack of communication and resources able to track 

their diet. How well one receives these nutritional amounts depends on the food they consume 
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and how much of it. If one lacks in a specific category or multiple it must be observed and noted 

when evaluating the health performance of an individual. These are doctor recommended value 

to maintain health and body performance, so falling behind or being deficient in certain one may 

jeopardies the integrity of the mission at hand. Deficiencies in nutrients will be explained in 

chapter 5 when discussing the health complications during space travel and the nutrients that 

help prevent them.  

3.5 Nutritional Compound Comparison Analysis for Decision Making 

  To determine the top priority foods to use, a decision variable is calculated to ratio a total 

of nutrients received divided by the max score and summed from each individual category of 

vitamin mineral and amino acid. From here an evaluation is derived to determine the nutrient 

density value which determines the richness of nutrient complexity that makes up each food 

type. A high nutrient density means the food carries multiple amounts of different compounds 

but does not mean it has the highest achieved value for those categories. Valuing the nutrient 

density scores analyzes what foods would be beneficial to use in space for growing because they 

provide a more complex nutrient breakdown when consumed.  

Along with nutrient density a nutrient richness calculation is formulated and weighed in 

for evaluation but does not have as much influence on the decision as the density factor. Nutrient 

richness is calculated using other forms of compound breakdown to determine how main factors 

influence the body when consumed. These factors include protein amount, calorie amount, 

cholesterol amount, carbohydrate amount, water amount, fat intake, sugar, and fiber amount. 

These are all key factors to consider when eating food in space because they impact the body’s 

overall function. This richness calculation weight was not factored into the simulation decision 

because of chapter 5 health analysis. Chapter 5 uses the main key elements of vitamins, minerals, 
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and amino acids for linkage back to health complication reductions which impacts the overall 

study. Based on the scores the food may receive a rating for density that is scored to be ok, 

medium, good, very good, or excellent.  

Table 4: shows the nutrient amount received to derive a nutrient density score.  

 

 

 

 

 

 

 

 

 

 

 

Type Food Name Nutrient Richness Serving amount Serving Unit Gram Amount Calories (kcal) GI Nutrient Amount DRI/DV

Vegetable Beets 16 1 cup 170.00 75 medium folate 136 mcg 34

Vegetable Beets 16 1 cup 170.00 75 medium manganese .55 mg 27.5

Vegetable Beets 16 1 cup 170.00 75 medium potassium 518.6 mg 24.8

Vegetable Beets 16 1 cup 170.00 75 medium copper 130 mcg 14.4

Vegetable Beets 16 1 cup 170.00 75 medium dietary fiber 3.4 g 13.6

Vegetable Beets 16 1 cup 170.00 75 medium magnesium 39.1 mg 9.8

Vegetable Beets 16 1 cup 170.00 75 medium phosphorus 64.6 mg 9.2

Vegetable Beets 16 1 cup 170.00 75 medium vitamin C 6.12 mg 8.2

Vegetable Beets 16 1 cup 170.00 75 medium iron 1.34 mg 7.4

Vegetable Beets 16 1 cup 170.00 75 medium vitamin B6 .11 mg 6.5

Vegetable Broccoli 47 1 cup 156.00 55 Very Low vitamin K 220.12 mcg 244.6

Vegetable Broccoli 47 1 cup 156.00 55 Very Low vitamin C 101.24 mg 135

Vegetable Broccoli 47 1 cup 156.00 55 Very Low chromium 18.55 mcg 53

Vegetable Broccoli 47 1 cup 156.00 55 Very Low folate 168.48 mcg 42.1

Vegetable Broccoli 47 1 cup 156.00 55 Very Low dietary fiber 5.15 g 20.6

Vegetable Broccoli 47 1 cup 156.00 55 Very Low pantothenic acid .96 mg 19.2

Vegetable Broccoli 47 1 cup 156.00 55 Very Low vitamin B6 .31 mg 18.2

Vegetable Broccoli 47 1 cup 156.00 55 Very Low vitamin E 2.26 mg [ATE] 15.1

Vegetable Broccoli 47 1 cup 156.00 55 Very Low manganese .3 mg 15

Vegetable Broccoli 47 1 cup 156.00 55 Very Low phosphorus 104.52 mg 14.9

Vegetable Broccoli 47 1 cup 156.00 55 Very Low choline 62.56 mg 14.7

Vegetable Broccoli 47 1 cup 156.00 55 Very Low vitamin B2 .19 mg 14.6

Vegetable Broccoli 47 1 cup 156.00 55 Very Low vitamin A 120.74 mcg [RAE] 13.4

Vegetable Broccoli 47 1 cup 156.00 55 Very Low potassium 457.08 mg 13.1

Vegetable Broccoli 47 1 cup 156.00 55 Very Low copper 100 mcg 11.1

Vegetable Broccoli 47 1 cup 156.00 55 Very Low vitamin B1 .1 mg 8.3

Vegetable Broccoli 47 1 cup 156.00 55 Very Low magnesium 32.76 mg 8.2

Vegetable Broccoli 47 1 cup 156.00 55 Very Low omega-3 fatty acids .19 g 7.9

Vegetable Broccoli 47 1 cup 156.00 55 Very Low protein 3.71 g 7.4

Vegetable Broccoli 47 1 cup 156.00 55 Very Low zinc .7 mg 6.4

Vegetable Broccoli 47 1 cup 156.00 55 Very Low calcium 62.4 mg 6.2

Vegetable Broccoli 47 1 cup 156.00 55 Very Low iron 1.05 mg 5.8

Vegetable Broccoli 47 1 cup 156.00 55 Very Low vitamin B3 .86 mg 5.4

Vegetable Broccoli 47 1 cup 156.00 55 Very Low selenium 2.5 mcg 4.5

Vegetable Cabbage 34 1 cup 150.00 44 Very Low vitamin K 71.40 mcg 79.3

Vegetable Cabbage 34 1 cup 150.00 44 Very Low vitamin C 51.60 mg 68.8

Vegetable Cabbage 34 1 cup 150.00 44 Very Low vitamin B6 0.34 mg 20
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Table 5: shows nutrient density scores.  

 

The complexity of evaluation for what foods should be grown in space for receiving an 

ideal amount of nutrition for health performance is formulated through a nutrition density factor. 

Each factor was identified into three categories vitamins, minerals, and amino acids. The use of 

animal products was eliminated in the evaluation because this study focusses solely on the 

growth of food and not livestock or fish. Dairy and eggs were also not used during the decision-

making process because they also cannot be justified as a grown food in space. After each 

evaluation of the groups left, three were selected as fruits, vegetables, beans, and legumes. Fruits 

were derived as the top source for vitamins while minerals isolated vegetables as the ideal source 

and finally amino acids with beans and legumes. From these categories the top fourteen foods 

were selected and used for simulation analysis in chapter 4.  

Nutrient Density Food Rating Amount Revised Amount Unit Revised amount/gram Type PB/NPB

8.2 excellent 136 mcg 0.80 Plant Based

6.6 very good .55 mg 0.00 Plant Based

3.6 very good 518.6 mg 3.05 Plant Based

3.5 very good 130 mcg 0.76 Plant Based

3.3 good 3.4 g 0.02 Plant Based

2.4 good 39.1 mg 0.23 Plant Based

2.2 good 64.6 mg 0.38 Plant Based

2 good 6.12 mg 0.04 Plant Based

1.8 good 1.34 mg 0.01 Plant Based

1.6 good .11 mg 0.00 Plant Based

80.6 excellent 220.12 mcg 1.41 Plant Based

44.5 excellent 101.24 mg 0.65 Plant Based

17.5 excellent 18.55 mcg 0.12 Plant Based

13.9 excellent 168.48 mcg 1.08 Plant Based

6.8 very good 5.15 g 0.03 Plant Based

6.3 very good .96 mg 0.01 Plant Based

6 very good .31 mg 0.00 Plant Based

5 very good 2.26 mg [ATE] 0.01 Plant Based

4.9 very good .3 mg 0.00 Plant Based

4.9 very good 104.52 mg 0.67 Plant Based

4.9 very good 62.56 mg 0.40 Plant Based

4.8 very good .19 mg 0.00 Plant Based

4.4 very good 120.74 mcg [RAE] 0.77 Plant Based

4.3 very good 457.08 mg 2.93 Plant Based

3.7 very good 100 mcg 0.64 Plant Based

2.7 good .1 mg 0.00 Plant Based

2.7 good 32.76 mg 0.21 Plant Based

2.6 good .19 g 0.00 Plant Based

2.4 good 3.71 g 0.02 Plant Based

2.1 good .7 mg 0.00 Plant Based

2.1 good 62.4 mg 0.40 Plant Based

1.9 good 1.05 mg 0.01 Plant Based

1.8 good .86 mg 0.01 Plant Based

1.5 good 2.5 mcg 0.02 Plant Based

32.8 excellent 71.40 mcg 0.48 Plant Based

28.5 excellent 51.60 mg 0.34 Plant Based

8.3 excellent 0.34 mg 0.00 Plant Based
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Figure 5: shows the analysis for the top fourteen foods selected with comparison for nutrient density.  

 After evaluating all the foods, the fourteen were chosen based on the earlier constraints of 

eliminating animal product categories from the decision making because of the lack of resources 

when traveling in space. Looking at plant based typed foods, a narrowed selection is made based 

on the nutrient density and richness levels. From the categories one fruit was selected, one bean 

and legume and twelve vegetables. Vegetables contained the highest number of vitamins and 

minerals across all food groups and play the largest factor when treating health complications 

later explained in chapter 5. The list of foods selected are beets, black beans, broccoli, cabbage, 

carrots, garlic, green peas, kale, onions, potatoes, lettuce, spinach, strawberries, and tomatoes. 

The scores for each foods density and richness are defined as: beets 35\16, black beans 50\15, 

broccoli 232\47, cabbage 123\34, carrots 96\27, garlic 38\16, green peas 59\26, kale 195\40, 

onions 26\11, potato 21/10, lettuce 312\40, spinach 190\68, tomatoes 116\44, and strawberries 
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81\21. These scores relate to a nutrient density max score of two hundred and richness score of 

70.  

 

Figure 6: Nutrient richness balance per one gram of each food, showing the main consumption of water and calorie 

intake.  

  

 When evaluating the mineral vitamin and amino acid breakdown charts per gram of food, 

each top food varies per category. For vitamins, the top 3 leading foods are broccoli, 

strawberries, and kale but one of the leading causes to this is because vitamin c is a pre-dominate 

value compared to each other vitamin when consumed on the gram amount. When we remove 

vitamin c as causing a potential skew in the data set evaluation because it dominates the other 

remaining vitamins, we see the top three foods change to carrots, kale, and spinach. With respect 

to vitamins, minerals have a different top three foods that are spinach, garlic, and potatoes with 

black beans not too far behind. These are more earth foods contain a higher amount of minerals 

per gram than others. Amino acids show are result of top three leading foods with black beans, 

garlic, and green peas. So even though black beans and garlic resulted in a low richness and 
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density value does not mean they are not great contenders for proving a healthy performance for 

individuals in space. It shows quite the opposite, that because they lack the complexity of 

multiple compounds, they return a higher number of individuals nutrient compounds when 

valued to a gram scale of view.  

 

Figure 7: Mineral intake consumption upon one gram of food per designated food group.  
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Figure 8: Represents the intake consumption of vitamins per gram of food, Vitamin C is pre-dominant throughout.  

 

 

Figure 9: Shows the Amino Acid consumption by individual food by order of highest intake value.  
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 From further analysis this study determined that of the total amount of foods 

confined within the database, fourteen have been selected for simulation purposes to 

provide adequate feedback for further study. Each food will be analyzed further for 

growth, and nutrient compound structure to relate back to health complications 

astronauts received while in space over time. Simulation in chapter 4 will allocate the 

proper amount of time for growing a certain number of plants from each food over three 

hundred days in space. From there a capacity analysis shall the capability of growing 

each food and then associated back to how much nutrition is derived from consumption 

based on the total available pounds harvested. Chapter 4 provides simulation analysis, 

while chapter 5 and 6 revolve more around heath complications in space and how 

nutrition plays a significant role in reducing those risks.  

Chapter 4 Simulation Modeling for Food Capacity Analysis Design 

4.1 Introduction 

 Consuming food is a daily essential to humans over time and cannot be replaced 

because of the fatal consequences shown from lack of nutrition and starvation. Before 

we can consume food, specific growing procedures may be developed and followed 

through in a timely manner before harvesting. The process of growing any food takes 

time, which forces humans to plan and schedule efficiently a system that delivers on 

time in a daily manner to grow a capacity based on demand. Proper capacity planning 

for food may be down through simulation modeling when defining the variables and 

attributes that play an overall impact to the system’s output. Simulation has become a 

resourceful tool in planning many of today’s processes especially when into entails 

space exploration for predicting outcomes with more reliability and validity. This 
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chapter’s research is to show the impact simulation modeling plays when planning the 

capacity of food for timely harvest and the requirements needed to allow that to happen.  

 The objective of this chapter is to show the constraints obtained when growing 

food, which force the proper and efficient planning of growing food using simulation 

modeling to determine an overall capacity. This simulation ran for a 300-day trip 

through space where one plant of each individual selected food is grown 

simultaneously. This study shows an individual process for one plant which is then 

scaled up to determine a higher capacity based on demand. Section 4.2 highlights three 

individual growing processes that have developed rapidly over time using aquaponics, 

hydroponics or aeroponics to achieve plant growth without using soil. The reasoning 

behind this process, is developed to eliminate the weight and use of soil for astronauts 

when traveling in space based on space requirements for each induvial planet. Section 

4.3 uses quantitative data to develop the attributes, constants and variables that will be 

utilized in examining the process of growing food in the simulation. Section 4.4 shows 

the overall architecture of the simulation defining how each individual plant is derived 

from germination to final harvest. The concluding section 4.5 utilizes simulations report 

analysis breakdown to interpret output capacity of plants grown along with machine 

utilization during the germination and growth stages. This then is used to determine a 

final analysis of overall harvest pounds that may be resulted from the plants grown. 

4.2 Food Growing Development Processes and Design 

There are three significant food growing processes today that utilize the growth of plants 

without soil and have shown successful growth rates with research. System one is aquapnics 

which requires fish to provide nutrient dense water for plants where the roots are only exposed to 
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this water being cycled through a piping system. The second system is hydroponics which uses a 

water pumping system to provide chemical induced water carrying nutrients to a pebble/rock bed 

that exposes the roots of the plant for water hydration. The final system is aeroponics which uses 

a misting method to spray the roots of plants with nutrient treated water on a timer to provide the 

recommended daily amount of water. Each system uses its own unique method to define the 

water filtration systems and how nutrients are added to that flow for proper plant vegetation. 

Each system is explained further in discussion for this chapter.  

Aquaponics is a system that uses water routing through pipes to carry nutrient rich water 

from fish tanks. Water carries fish feces that are rich in nitrogen for plant growth through pipes 

and feeds the roots of a plant. This system may be difficult to do because of maintaining the fish 

tank in spaces environment while also keeping the fish alive. Aquaponics is a form of 

aquaculture that integrates soilless crop production (hydroponics) to raise edible plants and fish. 

The fish are fed and excrete waste, which is broken down by bacteria into nutrients. Plants utilize 

some of these nutrients, and in the process filter the water in the system. Most aquaponics 

systems are recirculating aquaculture systems where water is continuously recycled through an 

interconnected series of fish tanks and waste treatment systems (Love). Aquaponics, despite its 

name, poses a revolutionary change to the organic agriculture field. The world is facing several 

serious issues of which climate variation, population rise, water scarcity, soil degradation, and 

food security are among the most significant. Aquaponics, as a closed loop system consisting of 

hydroponics and aquaculture elements, could contribute to addressing these issues.  



 

59 
 

 

Figure 10: Aquaponics system 

The second system hydroponics follows a similar method that aquaponics does 

with using soil-less methods but does not use fish. Someone must feed the water daily 

with nutrient feed that circulates throughout the water as it passes through plant roots. 

Currently hydroponic cultivation is gaining popularity all over the world because of 

efficient resources management and quality food production. Soil based agriculture is 

now facing various challenges such as urbanization, natural disaster, climate change, 

indiscriminate use of chemicals and pesticides which is depleting the land fertility. 

Hydroponics is a system that could be helpful when planning multiple crops and 

allowing astronauts to feed them all at once. This system is less autonomous but does 

help with not having to deal with fish when in space. Naturally, soil-less culture is 

becoming more relevant in the present scenario, to cope with these challenges. 

Improved space and water conserving methods of food production under soil-less 
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culture have shown some promising results. Hydroponics serves as the ideal method for 

growing but the third and final system shows the most beneficial way for travel and 

management in growing plants. 

 

Figure 11: Hydroponics System 

Aeroponics has some of the most beneficial ways for astronauts when it comes 

to travel. This system requires ideal amounts of water to be listed on the roots of the 

plant in a timely manner. This uses the lowest amount of water which saves on weight 

by using a soil-less method and timers for misting water to the roots of the plant. By not 

watering any soil and misting the roots, astronauts could use an automated process that 

tracks, and monitors water use throughout their travels. Soil moisture is related to water 

content which is a factor that affects plant growth. The process of watering plants is 

done manually regardless of the volume of water needed by plants but can be 

automated. Research has discussed an automated prototype and a system that has the 

function of watering plants based on moisture levels. By reducing the amount of weight 

used in travel, engineers have an easier way to calculate travel time and coarse direction 
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along with initial launch trajectory. Once astronauts are on Mars these systems may be 

more difficult to maintain or use for industrial growing. 

 

Figure 12: Aeroponics System 

Each system has the capability of providing a successful grow rate for traveling in space, 

with providing less technical maintenance for upkeeping from traditional soil growing. To design 

a method for space regarding food growth, certain variables must be accounted for. There is 

much uncertainty with space travel alone and trying to grow food becomes overly complex. 

These variables include water amount, gravitational pull, space capacity, machine design, type of 

plants, growth and germination temperature, growth and germination cycle time, humidity and 

even lighting are key factors.  

Growing food requires nutrients (nitrogen), water, light, and environmentally controlled 

rooms for temperature when traveling in space. Being able to grow microgreens, fruit bushels 

and individual plants would be the most ideal for space but still becomes difficult to manage with 
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zero gravity concerns and design. One key aspect of growing food is space capacity and the 

requirements each plant needs to reach maximum potential growth. Diagram 1 shows the 

required surface area, height, and plant root depth through a top and side view 2D image. By 

being able to calculate the requirements for growing plants regarding size needed, astronauts can 

begin to properly space food once they are on shuttles. As we see the root depth, height and 

width vary across multiple plants. The food types selected from the health nutrition analysis in 

chapter 3 vary which makes batch growing even more complex. There is another type of plant 

that may replace a whole food plant completely but does not contain the substantial number of 

calories and yield that a traditional plant would. That plant is called microgreen. Microgreens 

harvest around the same time for different foods given they are a fraction of the actual true plant 

size, hence the word micro but grow in different controlled environments and require soil.  

 Microgreens are the smallest way of growing vegetables when it comes to space capacity, 

along with taking reduced growing cycle times to generate a yield faster. This growth of 

nutrients faster allows for astronauts to have a supply of fresh food on hand as to eating frozen or 

prepackaged meals every day. This does conflict the issue of being able to sustain on just plant-

based foods given the need for amino acids and vitamin b12, which is discussed later in chapter 

5. Knowing plant dimensions can justify the relative space required for growing food at a 

survival rate when factoring one’s health in space. Microgreens also require soil to grow because 

they lack the root size from traditional plants. For simulation purposes, both microgreens and 

traditional plants are evaluated to determine the overall yield capacity of food in pounds that is 

achieved.  
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Figure 13: Top/Side view of specific plant dimensions; height, width, and square footage.  

Table 6: Plant Dimensions in inches 

 

Table 7: Plant Dimensions in Feet 

 

 After understanding each individual growing process along with what is required for 

growing plants, the study looks further into the depth of variables that are used for simulating the 

Food Name Form Planting Depth (in) Min Height (in) Max Height (in) Min Width (in) Max Width (in) Min Root Depth (in) Max Root Depth (in)

Black Beans Pole 2 96 180 6 6 36 48

Black Beans Bush 2 10 24 6 6 36 48

Spinach Plant 0.5 4 6 6 8 60 60

Onions Plant 1 15 36 6 18 18 36

Tomatoes Plant 2 36 144 24 36 8 72

Potatoes Plant 4 23 30 24 30 18 36

Broccoli Plant 0.25 18 48 15 24 18 36

Carrots Plant 0.5 12 15 12 24 24 48

Lettuce Plant 0.5 6 12 6 12 36 48

Cabbage Head 48 12 15 15 30 18 36

Garlic Plant 2 12 36 6 10 2 24

Strawberries Plant 0 12 36 6 10 1 12

Kale Plant 0.5 12 18 8 12 6 12

Food Name Form Planting Depth (ft) Min Height (ft) Max Height (ft) Min Width (ft) Max Width (ft) Min Root Depth (ft) Max Root Depth (ft)

Black Beans Pole 0.17 8 15 0.5 0.5 3 4

Black Beans Bush 0.17 0.84 2 0.5 0.5 3 4

Spinach Plant 0.05 0.34 0.5 0.5 0.67 5 5

Onions Plant 0.09 1.25 3 0.5 1.5 1.5 3

Tomatoes Plant 0.17 3 12 2 3 0.67 6

Potatoes Plant 0.34 1.92 2.5 2 2.5 1.5 3

Broccoli Plant 0.03 1.5 4 1.25 2 1.5 3

Carrots Plant 0.05 1 1.25 1 2 2 4

Lettuce Plant 0.05 0.5 1 0.5 1 3 4

Cabbage Head 4 1 1.25 1.25 2.5 1.5 3

Garlic Plant 0.17 1 3 0.5 0.84 0.17 2

Strawberries Plant 0 1 3 0.5 0.84 0.09 1

Kale Plant 0.05 1 1.5 0.67 1 0.5 1
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growth of plants. Data was collected for the top plants selected in chapter 3 which provided 

ranges for simulating. The space required for each plant is not required for simulation but may be 

used in further analysis when looking into batch growing and machine design. This research is 

out of scope from this dissertation but may provide reliable information from studies on 

dedicated space needed when growing food in space. Section 4.3 will discuss further the data 

used to develop the simulation in section 4.4.  

4.3 Simulation Data Attributes and Variable Breakdown 

 Section 4.3 utilizes the data recorded for what it takes to grow each individual food for 

environmental necessities. Data that was collected for each food group include: growing cycle 

times (min & max), germination days, optimal growing temperature, germination temperature, 

soil amount, soil pH balance, and water amount required per day. This study neglects the use of 

soil so this research will exclude soil amount and pH balance from the study in the simulation for 

traditional foods. For microgreens since they require soil and food trays to be able to grow, soil 

was collected through the end evaluation showing the total amount of soil required to grow each 

tray. The simulation used variables of cycle time for grow and germination, and yield harvest 

amount per plant for determining the potential yield out of plants that may be grown within three 

hundred days of space travel. Water and soil for each plant were used as a constant to determine 

the overall required amount to keep the plant alive along with determining potential additional 

weight being carried. Table 8 shows the variation in grow time between certain plants when 

evaluating growth and germination. Table 9represents each variable and constant that were able 

to be evaluated for the simulation before it was ran.  
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Table 8: Growing cycle time per food type.  

 

 Germination ranged between 2-30 days of germination across all plants with 

temperatures varying between 50-80 degrees. Growing cycles varied per plant with a 

range between 40-180 for traditional plants and 8-25 for microgreens. Here we can see 

that by using microgreens we can reduce the total amount of growth by over 80%. 

Temperature varied between both microgreens and traditional plants with a range of 60-

80 degrees. Certain plants may be grown together given that certain variables remain 

constant between each plant. The real difference between those plants would rely on 

cycle time duration. Water remained constant throughout, ranging between .2 to .5 

inches of water per plant daily. The output yield amount of food in pounds varied but 

was only calculated using min and max values instead of applying a distribution for 

varying amounts. This research focused on best- and worst-case scenarios. Pound 

amounts per plant yield varied between .1-10 pounds of food for traditional plants and 

.25-.5 pounds per microgreen tray. 

 

 

 

 

Season Type Food Grow CT (days) Min Grow CT (days) Max Germination Days Optimal Temp

Medium Beans Bush + Pole 50 90 8 80

Medium Beets 50 90 6 85

Medium Broccoli 50 90 6 85

Medium Cabbage 50 90 6 80

Medium Carrots 50 90 8 80

Long Garlic 90 120 15 65

Medium Kale 50 90 6 80

Short Lettuce loose leaf 40 50 3 75

Long Onions 90 120 7 75

Medium Peas 50 90 8 75

Long Potatoes 90 120 10 50

Short Spinach 40 50 6 70

Medium Tomatoes 50 90 8 85
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Table 9: represents variables of germination duration with constant temperature and soil requirements per one plant 

grown.  

 

Table 10: shows the variables of output yield and growing days, along with constant temperature and water amounts.  

 

4.4 Simulation Architecture and Design  

Simulation is used to follow a specific process that may provide a more accurate capacity 

when growing food which allows for proper planning when traveling through space. The process 

involves the germination and growing of one plant per different food. Each plant will receive a 

constant amount of water based on each food’s daily amount needed. Decision variables will 

allow for food to be categorized and grown in batches. A random distribution will be assigned to 

each plant based on the constraining values provided from previous tables in section 4.3.  

 Arena is used to run simulations on the germination and growth process for the 

fourteen foods listed based on attributes associated to each plant. One section is defined 
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as the traditional whole foods for growing in chambers or greenhouses and the other is 

microgreen growth for five specific foods. Microgreens are grown through a tray 

dimensioned in earlier tables that defines the amount of soil collected. Each tray is 

expected to yield around a quarter to half pound of food depending on the plant grown. 

Image 4 shows the process diagram for each traditional whole food and plots the yield 

harvest per plant. growing temperatures are labeled by box color behind each create 

module. The breakdown is represented by; yellow = 60 degrees F, purple = 65 degrees 

F, blue = 70 degrees F, green = 75 degrees F, and red = 85 degrees F. These colors 

show what foods may be grown in the same chamber based on temperature. To reduce 

the number of chambers some foods could be rounded to the closest temperature which 

may impact the yield harvest amount. Chamber 1 contains three food groups, chamber 2 

contains 3 and chamber 3,4 and 5 each contain one specific food.  

 The simulation uses a create module to initially begin the process for each food 

group, which is then immediately assigned an attribute to that entity that determines the 

growth cycle and germination cycle times. Once the cycles have been defined per 

entity, a decision variable is then used to determine which path the entity may travel 

along for germination and growth. Once the process is complete each plant is harvest 

and the next plant begins the germination and growth process. Since germination cycle 

time is significantly lower than growth on all plants, a hold WIP signal is used to start 

the process of germination once the plant reaches 98% growth in the growing process. 

This allows for a scheduled start of germination so minimal time is lost between the 

transition of germination to growing. The end module cycles through a new entity and 

records each plant that is fully grown.  
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Figure 14: Represents the first simulation section of whole foods categorized by growth temperature and time.  

 The growth process is defined with two process modules, one for germination and the 

other for growth. To save on time and capacity we put on delay methods instead of resource 

utilization. The reason for this is because we are not concerned with machine utilization or plant 

space capacity. Since the simulation is ran for one hundred replications over three hundred days, 

we needed to reduce the speed of processing on the Arena tool. After the process of growth each 

food is then tallied under the harvest dispose module. To reduce any improper queue values of 

food arriving at the process, an expression is used for when the work in process (WIP) value for 

both germination and growth. For each growth and germination time a uniform distribution was 

defined using the mina and max values. This allows for variation in the amount plants that may 

be grown during the 300-day cycle.  
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Figure 15: shows the microgreen process for tray of food per growth cycle.  

The microgreen process is also bult the same way but less complex since microgreen 

requirements are similar between foods. Two groups are separated by attributes based on the 

germination time. A decision variable then decides which food is routed to where it needs to go. 

Again, a germination and growth process are used for each food to simulate the duration until 

harvest. The create module uses the same method of WIP value for releasing a tray into 

germination. A dispose module then tracks the total amount of trays collected through the growth 

cycle. Simulation provides what is capable for one harvest yields per cycle on a 300-day journey. 

The simulation ran for two different scenarios, one in which it shows ten simulation replications 

and another for one hundred. Since the number of actual plants capable to be grown is 

constrained there is no use running an extreme number of replications but more towards the 

length of time for the simulation. The values provided on the out number of plants and trays is 

shown in section 4.5.  

4.5 Simulation Result Analysis for Capacity   

 After running the simulation, research defined the total amount of potential plants that 

may be grown along with utilization of each machine process for germination and growth. Each 
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yielded output value is recorded and then archived in a pound per yield harvest calculation to 

determine the total amount of potential consumable food. From report 1 Kale, cabbage and 

Broccoli were able to yield the greatest number of harvested cycles which were microgreens. 

Strawberries, garlic, and potatoes showed the least number of plants grown given the extreme 

growth cycle time.  

 

Figure 16: Simulation ones result of plants that are harvested during the three hundred days 

The next report shows the utilization of each machine within the simulation. 

Each process of growing and germination requires one resource machine. Since there 

are fourteen different foods, there are twenty-eight resources that are being captured. 

This could be reduced to batch size processing for foods that use the same growing or 

germination distribution. From this report there is a large gap between the germination 

and growing process so machines that are at full capacity for growing will bottleneck 

the process for germination. Machines in the germination process are averaging around 
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25% to 35% while the growing machines use 97% to 99% utilization over the three 

hundred days.  

 

Figure 17: Simulation one’s utilization of each machine being used for germination and growing of each plant.  

Running the simulation for more replications provides a more accurate value on average 

plants harvested along with utilization of the machines. We expect the machine utilization to 

remain around the same percentages because of the varying time frames between germination 

and growth. Since the processes follow a uniform distribution, the simulation provides a more 

realistic average for food capacity over three hundred days.    
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Figure 18: Simulation of two average plants that are harvested during the three hundred days.  

 

 

Figure 19: Simulation twos utilization of machines for growing and germination.  

After running the simulations there is not much difference between the average number 

of plants grown over the three hundred days when adding more replications. The average total 

out is the value that changed between the two simulations. From the reports astronauts may 
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average anywhere between 115 to 140 plants grown. This helps show that food capable of being 

grown in the 300-day trip at potential high yields. Microgreens provided the most harvest 

because of their rapid growth. Since harvest weight is not used in this simulation, excel is used to 

define the capacity of pounds grown for astronauts based on the total amount of plants grown. 

Also calculated is the amount of water used during the trip.  

After applying the simulation to potential output yields per food, microgreens show the 

highest pounds harvested along with potatoes and tomatoes. Given that tomatoes and potatoes 

grow in bunches they may provide higher yields per weight from other foods grown. The more 

microgreens that may be grown the more potential weight that astronauts may consume, which is 

highly recommended for health purposes. The amount of water used over the 300-day trip is also 

provided which shows that tomatoes and potatoes require the most water. This represents those 

foods that provide a higher yield of food, the more amount of daily water is recommended.  

Table 11: Shows the output consumption of water need for plants along with total harvest pounds of food.  

 

 After entering the total amount of plants used, the total pound harvest is calculated for 

analysis. For water consumed, there is a significant amount used for microgreens because they 

use soil to achieve growth. This identifies a tradeoff between using soilless and soil systems. 

Traditional plants may use less water during growth because of the less absorption required to 

penetrate soil when directly contacting the roots. The total amount of harvest food varied also 

between traditional plants and microgreens. Microgreens varied between 5-12 pounds of food 

Food Name Simulation Days grown Water Total Water Used (inches)

Food Name Number Harvested over Simulation Days grown Amount/day (inches) Min (lbs) Max (lbs) Total Water Used (inches) Pounds Harvested Min Pounds Harvested Max

Lettuce 5 300 0.4 0.4 0.5 120 2 2.5

Spinach 5 300 0.3 0.5 0.6 90 2.5 3

Green Onions 3 300 0.2 0.1 0.2 60 0.3 0.6

Garlic 2 300 0.2 0.011 0.105 60 0.022 0.21

Peas 4 300 0.2 0.15 0.25 60 0.6 1

Black Beans 2 300 0.3 0.04 0.05 90 0.08 0.1

Potatoes 2 300 0.5 2.5 3 150 5 6

Strawberries 1 300 0.3 0.4 0.5 90 0.4 0.5

Tomatoes 3 300 0.5 5 10 150 15 30

Broccoli 24 300 0.3 0.25 0.5 90 6 12

Cabbage 23 300 0.3 0.25 0.5 90 5.75 11.5

Beets 14 300 0.3 0.25 0.5 90 3.5 7

Carrots 14 300 0.3 0.25 0.5 90 3.5 7

Kale 23 300 0.3 0.25 0.5 90 5.75 11.5

Output (Yield/plant) Output Harvest 
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where traditional had .1-30 pounds of food. The outlier for traditional was tomatoes showing a 

significant difference in minimum values from the second highest plant potatoes. Using 

simulation, the research has defined the capability to define the capacity amount of food in 

pounds that could be harvested over three hundred days in space across fourteen different foods. 

With this data we may now combine Chapters 3 and 4 to generate a potential amount of nutrients 

received from consuming this exact amount of food daily. Chapter 5 will then relate back to this 

finding of information by associating the health risks involved in space to the type of foods that 

carry nutrient dense compounds to help reduce potential risk of specific health complications.  

Chapter 5 Health Risks Evaluation for Human Performance  

5.1 Introduction 

 Healthcare research and development is an ongoing life endeavor which entails humans 

studying and understanding the causes as to why certain health risks are around. Some diseases 

like cancer and lung disease use counter reactive processes to reduce the risks of fatal outcome 

but cannot guarantee a true result. Evaluating the health of individuals on Earth is hard enough 

but when studying astronauts in space the complications become more constrained given the 

environmental difference between the two locations. This research intends to provide a study of 

the health complications that astronauts encounter while traveling in space either during the 

process or even years after. Health performance carries many uncertainties given the complexity 

of spaces environment and the lack of resources available to astronauts. Determining the 

relationship between health and space carries many constraints and roadblocks to a true 

developmental outcome which tends to skew research development. Nasa studies the 

performance of individuals before, during and after their encounters with spaces harsh and fatal 
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environment. From their research they developed a list of top health risks complications that 

impact the survival of individuals over their duration in space.  

    The objective of this chapter is to show the top eight leading health risks complications 

impacting space exploration, while narrowing down key performance indicators that alter the 

overall health of individuals. The eight leading factors for health concerns are cardiac, 

psychological, kidney failure, lung failure, immune deficiency, radiation exposure (cancer), 

cognitive, and vision loss. These leading causes may develop during or after an individual travels 

in space over time. These health complications have been shown to reduce the life expectancy of 

humans but also have counter acting nutrient compounds which may reduce the overall risks. 

Section 5.2 dives into each health complication and what astronauts may encounter when in 

space. Section 5.3 shows leading causes as to why the health complications arise and how they 

develop over time within an individual’s body. Finally, section 5.4 ties together a nutritional 

compound system that is has shown to reduce individuals’ potential risk of developing health 

complications from doctors who studied research of human performance here on earth.  

5.2 Health Risks Associated to Space Travel 

Using methods that have been used before are the best technique for success, but when 

humans have yet to discover those methods things become difficult when planning. Space is the 

ultimate subject to test theories and engineering. Missions take thousands of people around the 

world to train, build, manufacture, launch and even fly through space. Once in space NASA 

stays with the team the entire time until the arrival home. During this time, they are recording the 

experience as astronauts give every detail they can. Using previous explorations from Russia and 

the USA, places like Space X and Boeing are capable to advance their methods of engineering 

and science for future missions. Boeing can construct stronger payload capsules that endure 
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harsh environments while Space X is launching rockets and recovering most of the rocket in 

pinpoint location landing. One issue these companies cannot control though is the effects of 

space on humans.  

NASA claims that the top eight diseases astronauts face when traveling through space are 

cardiac problems, psychological problems, kidney stones, lung concerns, immune system 

deficiency, radiation hazards, cognitive problems, and vision loss. These diseases are shown to 

have specific correlation between the condition and the foods that can help prevent them and the 

parts of the body the disease is impacting. Each one will be broken into segments that contain 

specific concerns for an astronaut’s health and what foods show significant help towards 

preventing that disease. Studies show that eating specific foods only can help prevent and even 

reverse certain diseases. Dr. Barnard shows resourceful findings to the vegan/plant-based diet to 

be extremely healthy which shows the best positive outcome when preventing diseases. Each 

health condition is explained:  

1. Cardiac problems revolve around the heart for an astronaut and what happens to it during 

space travel. A normal human heart in size is 12 cm in length, 8 cm in width and 6 cm in 

depth. This becomes a more elliptical shape when 3D rendered. When in space the human 

heart tends to become more spherically shaped which would restructure the arteries 

around it. The cause of this is heavily correlated to the aspects of zero gravity. The loss of 

blood volume, combined with atrophy of the heart and blood vessels that can occur in 

space, reduces the ability to regulate a drop in blood pressure that happens when we stand 

on Earth. One way to help prevent this blood loss to lower abdomens is by exercising. 

But what with food could help impact the way flood blows within the body by speed of 

circulation.  
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2. Psychological problems like Alzheimer and dementia can become a concern for 

astronauts when traveling through space. Gravity’s reverse of blood flow could lead to 

seizures of malfunctions within the brain. The pituitary gland begins to disform while the 

brain begins to swell while in low gravity environments. When traveling through space a 

person might become anxious or fearful when some things arise. Being able to control 

one’s thoughts takes mental focus and strength. Things like reading, exercise and 

meditation may help support the brain, but so can food. The brain reacts or develops the 

emotions one feels from food. Being able to understand the feelings of joy when eating 

chocolate or the pucker of sour taste will help astronauts develop their own taste buds. 

Food may alter how the body reacts, filling it with the proper nutrients guarantees 

maintainability and reliability of the brain. 

3. Kidney stones develop within the human body from one’s diet, excessive body weight, 

medication, or medical condition. Stones build up crystal-like structures that pass through 

the bladder and are treated by water consumption or potential surgery. Another form is 

calcium stones, where a person’s body generates more calcium than average where the 

same issue builds up in the bladder but with calcium structures crystallization.  

4. Lung concerns drive a high dilemma for astronauts because outside the vehicles there is 

no oxygen. Given the oxygen less environment astronauts are required to where suits that 

control their breathing intake. Gravity is a concern for one’s lungs because blood flows 

through the main organs and is pushed upward towards the brain. Despite predictions, 

lungs do not become edematous, and there is no disruption to gas exchange in 

microgravity. Sleep disturbances in microgravity are not a result of respiratory-related 

events; obstructive sleep apnea is caused principally by the gravitational effects on the 
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upper airways. In microgravity, lungs may be at greater risk to the effects of inhaled 

aerosols.  

5. Immune deficiency happens when the body starts to feel sick or tired and the body is 

fighting bacteria or viruses within. When this happens, an astronaut does not have to time 

to sit and wait around while floating through space. Abnormalities can occur in immune 

cells. Normally, the immune system attacks and eliminates virus infected cells. When cell 

activity is depressed, the immune system is not responding to threats as it should. When 

cell activity heightens, the immune system reacts excessively, which can result in illness, 

increased allergy symptoms, and persistent rashes. The immune system may be able to be 

boosted throughout travel with proper food intake though.  

6. Hazardous radiation happens throughout the entire mars mission because of the 

atmosphere change, hence why astronauts where special suits. Space radiation is made up 

of three kinds of radiation: particles trapped in the Earth’s magnetic field; particles shot 

into space during solar flares (solar particle events); and galactic cosmic rays (which are 

high-energy protons and heavy ions from outside our solar system). All these space 

radiations represent ionizing radiation. Beyond low Earth orbit, space radiation may place 

astronauts at significant risk for radiation sickness, and increase lifetime risk for cancer, 

central nervous system effects, and degenerative diseases. Radiations considerable risk of 

cancer pushes the limitations for space travel, given the excessively higher rate of 

consumption outside of Earth’s atmosphere.  

7. Cognitive concerns force astronauts to highly train their minds for the possibility of what 

they are about to go through. The Earth's atmosphere and magnetic field largely protect 

life on the planet from cosmic radiation. When astronauts travel beyond that protective 

https://science.nasa.gov/heliophysics/focus-areas/magnetosphere-ionosphere
https://phys.org/tags/astronauts/
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bubble, energetic particles called galactic cosmic rays bombard their bodies. These rays 

then cause mutations in cells and build prominent levels of radiation bubbles within the 

suit. An astronaut’s thought process must be able to manage this new development within 

the body. Being enclosed in a small space for a lengthy period may cause astronauts to 

feel as if they are losing their mind or struggling with grasping their thoughts.  

8. Vision loss seems unlikely and hard to develop in space, but it will take more effect on a 

person once he/she is older. The vision deterioration in astronauts is due to the lack of a 

day-night cycle in intracranial pressure. Researchers found that in zero-gravity 

conditions, intracranial pressure is higher than when people are standing or sitting on 

Earth, but lower than when people are sleeping on Earth. This suggests that the constancy 

of pressure on the back of the eye is what causes the vision problems for astronaut’s 

experience over time.  

Based on the conditions, and population studies provided by Dr. Bernand, Fuhrman, and 

other professional medical doctors, conclusions that one preventive way for reducing the rate of 

potential risk of receiving a condition is to consume a plant-based diet or high healthy diet with 

natural compound nutrients. Fruits, vegetables, herbs, beans, nuts seeds, and legumes are found 

to be rich in vitamins, minerals, and amino acids if consuming the right food and proper amount. 

When comparing a breakdown of specific foods, the analysis shows that per given gram of food 

vegetables contains the most nutrient richness for all categories. Where the lack in nutrients 

comes from is in amino acids and vitamin B12 which both play a key role in human evolution. 

Chapter 3 explains the nutrient values per gram for specific foods along with their total rank 

overall. So, for an astronaut to stay healthy throughout space travel they must be able to grow 

food during the travel and once upon landing. Growing fruits and vegetables may increase the 

https://phys.org/tags/galactic+cosmic+rays/
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longevity of reduced risk towards an astronaut’s health when properly dosed to daily 

recommended amounts. Section 5.3 discusses the foods associated with health risk complication 

even further.  

5.3 Nutritional Infrastructure Associated to Health Risks 

 Each food grown from the simulation plays a significant role in the overall health of 

individuals in space, but how? When looking at the nutrient breakdown structure in chapter 3 we 

can see what nutrient compounds make of each food and how much is delivered per gram 

amount of food. After looking at health risks complications derived from space research can 

show a linkage between deficiencies of those health complications to associated foods that have 

helped prevent them from medical studies on Earth. Granted studies differ because when 

evaluating health complications in space to earths, they are two completely different 

environments. What research does show is that by consuming certain foods there is a potential 

impact on the overall health performance of an individual because of what nutrients are being 

consumed and where they are being delivered to within the body.  

 This research will show what foods impact health concerns through a database structured 

system that ties back health complications to nutrient deficiency. From here further study 

provides an analysis of those compound deficiencies and where to consume those needed 

nutrients. As discussed in the previous section 5.2, health complications NASA has deemed the 

most important are cardiac problems, psychological problems, kidney stones, lung concerns, 

immune deficiency, radiation hazard, cognitive problems, and vision loss. This study dives 

further into each individual deficiency.  
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 Cardiac problems look closely at the heart and what travels in and out of it. On earth 

cardiac issues are led to clogging or lack of blood flow which can trigger a heart attack or even 

death. In space a cardiac issue is similar but also uncontrollable to certain feats, because of the 

lack of gravity. Zero gravity forces the obscure shape of the heart which may lead to a heart 

attack but does not control the blood flow through it. Consuming certain foods that help blood 

flow to potential keep blood from getting blocked to the heart is essential and is developed 

through certain nutrients. Vitamins like K, E, all B, and C help introduce a stronger steady flow 

of blood within the heart. Iron is a mineral that helps drive the flow of blood even. Doctors found 

that acidic fruits: limes, lemons, apples, pears, and oranges along with lighter vegetables: 

spinach, lettuce, kale, and beets help regulate blood flow within the body. A comparison would 

be like a 5-lane highway packed up by cars at a stop (person with high fats and carbs diet) or 

open highway doing 80 mph (person on plant-based diet).  

Psychological concerns take a deep toll on one’s mental health when in space because it 

may not be a lack of nutrients that drive issues but more towards negative thoughts and stress 

levels. Mental focus is a key element when traveling through space for being in tasks when 

needed. Studies show the long-lasting impact Alzheimer’s and dementia have on the brain as one 

gets older but not for a younger individual who traveled over three hundred days in space. A 

helping factor for these types of concerns is blood through to the brain because once again 

gravity acts on the body. When stressed or nervous the blood flow through the brain becomes 

much faster than normal which may lead to a drastic increase in potential brain issues listed 

earlier. Nutrients like vitamin b12, D and folic acid help reduce the number of amino acids that 

flow through the brain to help prevent concerns like dementia. Food may help alter those levels 

of stress and how they arise. Foods found in the green category for vegetables: peppers, lettuce, 
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spinach, kale, and celery provide support in reducing the aging factor for developing 

psychological problems. This does not guarantee with age but in hopes to reduce the time in 

which the brain aging process has accelerated from space travel is key for survival.  

The human kidney is a unique organ in which its sole purpose is to cleanse the body of 

toxins that are received through liquid and food consumption. These organs function as a 

filtration system for liquids in the body. Failure to perform these duties may result in health 

immunity failure which may lead to sickness for individuals. As blood flows through each 

kidney, it removes the toxins and water to be excreted in the form of urine. Nutrients vitamins 

B1, B2, B6, B12, folic acid, niacin, pantothenic acid, biotin are found to help reduce kidney 

stones and failure from happening. Individuals in space struggle to flow liquids in their body 

properly because of gravity again. This may lead to a concern like kidney stones form and 

preventing the path of toxins to expel from the body. Food is the best solution to prevent these 

stones by eating less acidic fruits while increasing light leafy greens because of the risk nutrient 

density they provide for in vitamins. Fluids of water should be regulated and used to help flush 

out any of these potential stones.  

Issues regarding the lungs for individuals in space are a difficult feat to overcome. One 

constraint as to why is the lack of oxygen levels that are readily available. Another is blood flow 

because once again gravity’s impact on the body. The lack of gravity forces blood to move 

upward towards the brain and fill the lungs. An issue like these forms respiratory concerns by 

forming liquid on the lungs with improper blood flow. Nutrients like vitamin C, vitamin D, 

magnesium, omega-3s, zinc, and selenium have been proven to show a reduction in lung disease 

along with improvement of blood flow throughout the body. It is suggested that ways to help 

reduce the risk of catching lung issues is suggested to eat a more plant-based diet and avoid carbs 
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and fats. This should allow for proper blood flow through the lungs and help retain function. The 

fibrous foods of leafy greens and watery fruits will provide adequate support of blood flow as it 

travels through the lungs to potentially stay its original course.  

A healthy immune system may be compromised at any given time. One virus can turn the 

body’s immune system from normal healthy state to critical lack of blood cells to fight any 

disease going on. Blood cells are created to help fight infections and sickness and when these 

cells get compromised due to a virus the body begins to produce more of them. A concern with 

this for people in space is that gravity may produce abnormal shaped blood cells that do not act 

properly in the body when fighting a sickness. This is concerning because without proper 

medication the body may not withstand that virus on top of blood cells not being able to flow 

properly to the body and fight the root source of the bacteria. Doctors and scientists found that 

specific population sizes were healthier throughout studies and had fewer doctor visits when 

using a plant-based diet as opposed to those on the western diet. The western diet consumes a 

higher calorie intake of carbs and fats, while the plant based is more organic with no animal 

products.  

 Radiation exposure may not be avoided for individuals in space, and they are at higher 

exposure rates because of the proximity to the sun while not having earth’s atmosphere to protect 

them. The long-time effect from this exposure is cancer which in some cases is uncurable. These 

radiation exposure particles for individuals to develop a lifelong health condition before they 

become active later in their life. The exposure in space acts like an accelerated process for 

developing cancer. Vitamins like D, A, C E, and beta-carotene contain antioxidants that help 

prevent cancer but do not eradicate it. Consuming food rich in these vitamins may prolong the 
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process of developing cancer but will not cure or fully prevent it from developing. Foods to 

consume that help reduce the risk of cancer pertain to green vegetables, and high acidic fruits.  

 Psychological concerns cognitive issues play a key factor when traveling in space. 

Psychological aspects involve emotions and thoughts were cognitive relies around the brain 

development and focus. When dealing with space the brain will develop mutation concerns 

because of the lack of proper blood flow due to gravity and oxygen based on earth’s atmosphere. 

The brain begins to lose focus and function improperly causing potential hallucinogens. From 

these studies doctors have recommended high intake of amino acids and vitamins to help 

counteract the potential loss of brain functionality. Here individuals must consume animal 

products to develop that B12 nutrient breakdown but can rely on foods like black beans, 

potatoes, and dark leafy greens to help counter any loss in brain nutrients. One downfall to this 

aspect is that individuals must consume a larger than normal amount to achieve daily 

recommended values due to per gram amount in those foods from chapter 3.  

 The final health concern studied while traveling through space is vision loss and the 

pressure put on the human eyes. One reason this occurs is due to the color distortion from the 

lack of distinguish between day and night. Most of the color human’s exposure their eyes to 

come from earth itself. Playing into that factor is also gravity and the how the lack of it puts 

pressure on the back of the eyes when trying to focus in on an object. Objects become more 

difficult to see but it is not the vision causing this, but zero gravity applying pressure to the back 

of the eyes causing a person to squint when looking at certain ranges. Doctors recommend all 

three categories of vitamins, minerals and amino acids containing anthocyanins, lutein, 

zeaxanthin, and β-carotene, vitamin A, vitamin C, vitamin E, zinc, and selenium to help reduce 
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potential vision loss. Foods that help prevent vision loss have been led to acidic fruits and 

vegetables.  

  All the health conditions cause detrimental impacts on an individual life while in space 

but also as they return to earth. When constructing an analysis of what foods are related to what 

health complication, the research focuses solely on the connection point using nutrient 

compounds. Each nutrient compound has been researched to perform differently amongst each 

other, but some also rely on each other to resume ideal performance. Chapter 6 looks take this 

connection between food and health to correlate the amount of nutrients received when a certain 

amount of food is consumed to reduce health risks. Simulation will be the key focus on chapter 

6, taking what has been described throughout the paper and linking them together. Food and 

nutrient compounds have already shown significance between each other from medical studies 

but when traveling in space certain factors alter those studies.  

Chapter 6 Simulation Modeling of Nutritional Balance Via Food 

Consumption 
 

6.1 Introduction 

 This chapter research how simulation modeling may determine the nutritional 

amount of food achieved from food that is grown within a specific time frame for 

consumption. The objective is to show the amount of nutritional consumption that is 

achieved from the overall amount of food that was grown over the 300-day cycle. This 

then will relate to the daily amount of nutritional balance that is doctor recommended 

for a balanced lifestyle that helps maintain the performance of an individual. Chapter 3 

represents the types of food that were selected and why based on their nutrient dense 

compound structure. Chapter 4 then shows the use of simulation modeling of those 
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specific foods now during space flight using a single point machine for each food which 

then analyzes the overall capacity. Chapter 5’s objective is to relate the health risks 

associated with space flight and how specific foods may alter those health risks based 

on the compound structure. Chapter 6 looks to bring all the phases together showing 

how that food may impact the overall performance of individuals in space using 

simulation modeling to help show an output analysis of nutrients received which may 

then be balanced towards what is needed for reducing potential health risks. The results 

are planned to lead to a robust system of growing food in space that may help balance 

the overall survival of astronauts. The questions being answered in chapter 6 are listed. 

(1) What is the capable amount of nutrients received during the three hundred days in 

space using one plant per machine? (2) How does that compare to the daily the daily 

required amount of nutrients needed from doctor recommendation? (3) Will this suffice 

for one human being traveling in space for that time? Each question is addressed 

individually through chapter 6.  

6.2 Data Analysis for Daily Nutritional Requirements  

 Data used from the simulation was used to determine the next set of data used 

for simulation purposes for determining the amount nutrients received while growing 

food in space. Data that was developed for the use of this research was food type, 

nutrients, amount of nutrients in mg per gram of food, mgs received from a 300-day 

simulation, number of plants harvested, daily amount of nutrients required in mg, total 

amount of grams harvested, and the number of resources used for growing. From this 

data set, an analysis was created to develop the total amount of nutrients received from 

the simulation which is then compared back to the simulation results. Calculations were 
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then made for the nutrient difference (simulated nutrients required – simulated nutrients 

received), nutrient deficiency by individual percent, and the total amount of days 

available from the received nutrients per compound.  

Table 12: Nutrient data per food and compound with simulated harvest. 

 

 

 

 

 

 

 

 

 

 

 

 

Food Name Mineral nutrient amount mg/food gram Grams Simulated Total mg received from simulation Daily mg Requirements

Beets Boron 0 3178 0 1.5

Beets Calcium 0.16 3178 508.48 1000

Beets Chloride 0 3178 0 2300

Beets Chromium 0 3178 0 0.12

Beets Copper 0.000764706 3178 2.430235294 2

Beets Fluorine 0 3178 0 4

Beets Iodine 0 3178 0 0.15

Beets Iron 0.007882353 3178 25.05011765 18

Beets Magnesium 0.23 3178 730.94 400

Beets Manganese 0.003235294 3178 10.28176471 2

Beets Molybdenum 0 3178 0 0.075

Beets Phosphorus 0.38 3178 1207.64 1000

Beets Potassium 3.05 3178 9692.9 3500

Beets Selenium 0.000007 3178 0.022246 0.07

Beets Sodium 0.77 3178 2447.06 2400

Beets Zinc 0.003470588 3178 11.02952941 15

Broccoli Boron 0.002471218 5448 13.46319538 1.5

Broccoli Calcium 0.4 5448 2179.2 1000

Broccoli Chloride 0.23 5448 1253.04 2300

Broccoli Chromium 0.00011891 5448 0.647823077 0.12
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Table 13: Nutrient comparison data from the simulation results with 1 resource per plant.  

 

 When using only 1 resource per plant for harvesting, an individual would not 

nearly have the required nutrients from the total harvest. Two nutrients are not obtained 

at all from the 14 different plants that are grown. These compounds are vitamin b12 and 

vitamin D. With these values containing 0 mg, an individual must find alternative ways 

to supplement these two nutrient compounds. Vitamin K is the only compound that an 

individual would receive enough mg required from the overall consumption of plants. 

All other compounds are not obtained and average around 97% nutrient deficient. After 

evaluating the total number of days that would receive the required nutrient amount an 

individual would not be able to sustain more than 1 week from the entire total harvest.  

 

 

Type Nutrient Name Daily Required mg amount mg required for 300 cycle Total mg received from simualtion Nutrient Difference Amount (cyc-sim) Nutrient Defficiency % Days Available from Nutrients 

Mineral Calcium 1000 300,000                                       14,089.25                                                       285,910.7                                                              95% 14.09                                                   

Mineral Iron 18 5,400                                           290.12                                                             5,109.9                                                                   95% 16.12                                                   

Mineral Magnesium 400 120,000                                       7,980.31                                                         112,019.7                                                              93% 19.95                                                   

Mineral Phosphorus 1000 300,000                                       16,323.21                                                       283,676.8                                                              95% 16.32                                                   

Mineral Potassium 3500 1,050,000                                   119,982.29                                                    930,017.7                                                              89% 34.28                                                   

Mineral Selenium 0.07 21                                                 0.34                                                                 20.7                                                                         98% 4.87                                                      

Mineral Sodium 2400 720,000                                       11,574.56                                                       708,425.4                                                              98% 4.82                                                      

Mineral Boron 1.5 450                                               33.59                                                               416.4                                                                       93% 22.39                                                   

Mineral Chromium 0.12 36                                                 0.77                                                                 35.2                                                                         98% 6.44                                                      

Mineral Copper 2 600                                               33.91                                                               566.1                                                                       94% 16.95                                                   

Mineral Fluorine 4 1,200                                           90.79                                                               1,109.2                                                                   92% 22.70                                                   

Mineral Iodine 0.15 45                                                 0.31                                                                 44.7                                                                         99% 2.09                                                      

Mineral Manganese 2 600                                               100.21                                                             499.8                                                                       83% 50.11                                                   

Mineral Molybdenum 0.075 23                                                 0.96                                                                 21.5                                                                         96% 12.86                                                   

Mineral Zinc 15 4,500                                           122.50                                                             4,377.5                                                                   97% 8.17                                                      

Mineral Chloride 2300 690,000                                       10,928.17                                                       679,071.8                                                              98% 4.75                                                      

Vitamin Biotin 0.03 9                                                    0.75                                                                 8.3                                                                           92% 24.88                                                   

Vitamin Folic Acid 0.4 120                                               17.75                                                               102.2                                                                       85% 44.38                                                   

Vitamin Niacin 20 6,000                                           634.02                                                             5,366.0                                                                   89% 31.70                                                   

Vitamin Pantothenic Acid 10 3,000                                           85.07                                                               2,914.9                                                                   97% 8.51                                                      

Vitamin Riboflavin 1.7 510                                               24.88                                                               485.1                                                                       95% 14.64                                                   

Vitamin Thiamine 1.5 450                                               23.98                                                               426.0                                                                       95% 15.99                                                   

Vitamin Vitamin A 0.9 270                                               50.65                                                               219.4                                                                       81% 56.28                                                   

Vitamin Vitamin B6 2 600                                               62.29                                                               537.7                                                                       90% 31.14                                                   

Vitamin Vitamin B12 0.006 2                                                    -                                                                   1.8                                                                           100% -                                                        

Vitamin Vitamin C 60 18,000                                         10,322.31                                                       7,677.7                                                                   43% 172.04                                                 

Vitamin Vitamin D 0.1 30                                                 -                                                                   30.0                                                                         100% -                                                        

Vitamin Vitamin E 15 4,500                                           258.45                                                             4,241.6                                                                   94% 17.23                                                   

Vitamin Vitamin K 0.12 36                                                 62.40                                                               (26.4)                                                                       -73% 519.97                                                 

Vitamin Choline 550 165,000                                       5,687.50                                                         159,312.5                                                              97% 10.34                                                   

Amino Acid Histidine 1274 382,200                                       13,368.10                                                       368,831.9                                                              97% 10.49                                                   

Amino Acid Isoleucine 1729 518,700                                       23,890.37                                                       494,809.6                                                              95% 13.82                                                   

Amino Acid Leucine 3822 1,146,600                                   33,666.10                                                       1,112,933.9                                                           97% 8.81                                                      

Amino Acid Lysine 3458 1,037,400                                   33,204.05                                                       1,004,195.9                                                           97% 9.60                                                      

Amino Acid Methionine 1729 518,700                                       7,653.84                                                         511,046.2                                                              99% 4.43                                                      

Amino Acid Phenylalanine 3003 900,900                                       26,186.08                                                       874,713.9                                                              97% 8.72                                                      

Amino Acid Threonine 1820 546,000                                       25,875.44                                                       520,124.6                                                              95% 14.22                                                   

Amino Acid Tryptophan 455 136,500                                       6,837.97                                                         129,662.0                                                              95% 15.03                                                   

Amino Acid Valine 2184 655,200                                       28,490.18                                                       626,709.8                                                              96% 13.04                                                   

Amino Acid Alanine 2000 600,000                                       27,017.00                                                       572,983.0                                                              95% 13.51                                                   

Amino Acid Aspartic acid 2000 600,000                                       79,734.67                                                       520,265.3                                                              87% 39.87                                                   

Amino Acid Glutamic acid 3000 900,000                                       148,365.92                                                    751,634.1                                                              84% 49.46                                                   

Amino Acid Arginine 4000 1,200,000                                   35,997.76                                                       1,164,002.2                                                           97% 9.00                                                      

Amino Acid Cysteine 300 90,000                                         8,695.83                                                         81,304.2                                                                 90% 28.99                                                   

Amino Acid Tyrosine 150 45,000                                         16,289.30                                                       28,710.7                                                                 64% 108.60                                                 

Amino Acid Glycine 3000 900,000                                       21,767.59                                                       878,232.4                                                              98% 7.26                                                      

Amino Acid Proline 5000 1,500,000                                   24,367.03                                                       1,475,633.0                                                           98% 4.87                                                      

Amino Acid Serine 4000 1,200,000                                   26,593.76                                                       1,173,406.2                                                           98% 6.65                                                      
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Table 14: Nutrient comparison data from the simulation results with 20 resource per plant.  

 

 After evaluating the number of resources used to grow a certain number of 

plants, it was discovered that it would require an estimated 20 resources at one given 

time growing each food. From this it can be said that to achieve some sustainability 20 

plants of each food must be grown per harvest cycle. Even with these 20 plants per food 

grown there are still discrepancies within the data. 16 compounds are still at high risk 

for nutrient deficiency. These compounds fall under the 40% or greater category for 

nutrient deficiency. The compounds are selenium, sodium, chromium, iodine, zinc, 

chloride, pantothenic acid, vitamin b12, vitamin D, leucine, methionine, phenylalanine, 

arginine, glycine, proline, and serine. There are three additional compounds at fall 

around the 20%-40% nutrient deficient which makes them a moderate risk. The three 

Type Nutrient Name Daily Required mg amount mg required for 300 cycle Total mg received from simualtion Nutrient Difference Amount (cyc-sim) Nutrient Defficiency % Days Available from Nutrients 

Mineral Calcium 1000 300,000                                       281,785.02                                                    18,215.0                                                                 6% 281.79                                                 

Mineral Iron 18 5,400                                           5,802.31                                                         (402.3)                                                                     -7% 322.35                                                 

Mineral Magnesium 400 120,000                                       159,606.20                                                    (39,606.2)                                                               -33% 399.02                                                 

Mineral Phosphorus 1000 300,000                                       326,464.12                                                    (26,464.1)                                                               -9% 326.46                                                 

Mineral Potassium 3500 1,050,000                                   2,399,645.81                                                 (1,349,645.8)                                                         -129% 685.61                                                 

Mineral Selenium 0.07 21                                                 6.82                                                                 14.2                                                                         68% 97.40                                                   

Mineral Sodium 2400 720,000                                       231,491.22                                                    488,508.8                                                              68% 96.45                                                   

Mineral Boron 1.5 450                                               671.85                                                             (221.8)                                                                     -49% 447.90                                                 

Mineral Chromium 0.12 36                                                 15.47                                                               20.5                                                                         57% 128.88                                                 

Mineral Copper 2 600                                               678.10                                                             (78.1)                                                                       -13% 339.05                                                 

Mineral Fluorine 4 1,200                                           1,815.73                                                         (615.7)                                                                     -51% 453.93                                                 

Mineral Iodine 0.15 45                                                 6.26                                                                 38.7                                                                         86% 41.73                                                   

Mineral Manganese 2 600                                               2,004.26                                                         (1,404.3)                                                                 -234% 1,002.13                                             

Mineral Molybdenum 0.075 23                                                 19.29                                                               3.2                                                                           14% 257.26                                                 

Mineral Zinc 15 4,500                                           2,450.07                                                         2,049.9                                                                   46% 163.34                                                 

Mineral Chloride 2300 690,000                                       218,563.36                                                    471,436.6                                                              68% 95.03                                                   

Vitamin Biotin 0.03 9                                                    14.93                                                               (5.9)                                                                          -66% 497.70                                                 

Vitamin Folic Acid 0.4 120                                               355.02                                                             (235.0)                                                                     -196% 887.55                                                 

Vitamin Niacin 20 6,000                                           12,680.37                                                       (6,680.4)                                                                 -111% 634.02                                                 

Vitamin Pantothenic Acid 10 3,000                                           1,701.38                                                         1,298.6                                                                   43% 170.14                                                 

Vitamin Riboflavin 1.7 510                                               497.64                                                             12.4                                                                         2% 292.73                                                 

Vitamin Thiamine 1.5 450                                               479.65                                                             (29.6)                                                                       -7% 319.76                                                 

Vitamin Vitamin A 0.9 270                                               1,012.95                                                         (743.0)                                                                     -275% 1,125.50                                             

Vitamin Vitamin B6 2 600                                               1,245.78                                                         (645.8)                                                                     -108% 622.89                                                 

Vitamin Vitamin B12 0.006 2                                                    -                                                                   1.8                                                                           100% -                                                        

Vitamin Vitamin C 60 18,000                                         206,446.29                                                    (188,446.3)                                                             -1047% 3,440.77                                             

Vitamin Vitamin D 0.1 30                                                 -                                                                   30.0                                                                         100% -                                                        

Vitamin Vitamin E 15 4,500                                           5,168.96                                                         (669.0)                                                                     -15% 344.60                                                 

Vitamin Vitamin K 0.12 36                                                 1,247.92                                                         (1,211.9)                                                                 -3366% 10,399.31                                           

Vitamin Choline 550 165,000                                       113,749.95                                                    51,250.0                                                                 31% 206.82                                                 

Amino Acid Histidine 1274 382,200                                       267,362.10                                                    114,837.9                                                              30% 209.86                                                 

Amino Acid Isoleucine 1729 518,700                                       477,807.47                                                    40,892.5                                                                 8% 276.35                                                 

Amino Acid Leucine 3822 1,146,600                                   673,322.08                                                    473,277.9                                                              41% 176.17                                                 

Amino Acid Lysine 3458 1,037,400                                   664,081.03                                                    373,319.0                                                              36% 192.04                                                 

Amino Acid Methionine 1729 518,700                                       153,076.83                                                    365,623.2                                                              70% 88.53                                                   

Amino Acid Phenylalanine 3003 900,900                                       523,721.57                                                    377,178.4                                                              42% 174.40                                                 

Amino Acid Threonine 1820 546,000                                       517,508.85                                                    28,491.1                                                                 5% 284.35                                                 

Amino Acid Tryptophan 455 136,500                                       136,759.48                                                    (259.5)                                                                     0% 300.57                                                 

Amino Acid Valine 2184 655,200                                       569,803.59                                                    85,396.4                                                                 13% 260.90                                                 

Amino Acid Alanine 2000 600,000                                       540,340.06                                                    59,659.9                                                                 10% 270.17                                                 

Amino Acid Aspartic acid 2000 600,000                                       1,594,693.48                                                 (994,693.5)                                                             -166% 797.35                                                 

Amino Acid Glutamic acid 3000 900,000                                       2,967,318.33                                                 (2,067,318.3)                                                         -230% 989.11                                                 

Amino Acid Arginine 4000 1,200,000                                   719,955.18                                                    480,044.8                                                              40% 179.99                                                 

Amino Acid Cysteine 300 90,000                                         173,916.62                                                    (83,916.6)                                                               -93% 579.72                                                 

Amino Acid Tyrosine 150 45,000                                         325,786.10                                                    (280,786.1)                                                             -624% 2,171.91                                             

Amino Acid Glycine 3000 900,000                                       435,351.74                                                    464,648.3                                                              52% 145.12                                                 

Amino Acid Proline 5000 1,500,000                                   487,340.60                                                    1,012,659.4                                                           68% 97.47                                                   

Amino Acid Serine 4000 1,200,000                                   531,875.21                                                    668,124.8                                                              56% 132.97                                                 
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compounds are choline, histidine, and lysine. Again, there is still an alarming concern 

around vitamin D and vitamin b12 which do not provide any nutrients from the 

simulation.  

6.3 Simulation Development and Structure for Health Study 

 This simulation is more used in excel as a manual alternative to using software. 

The reason for this use is because the previous simulation provided enough feedback 

data for the number of plants that can be grown in space over a time frame. From this 

data the research can then focus on the development of an excel based simulation to 

alternate the total amount of food that can be consumed in the 300 days by adding 

resources for growing. The number of resources used is really changing the number of 

plants that can be grown in the time frame used. This research took the initial values of 

what is received from using 1 resource per plant to 5, 10, 15, 20 and 25 resource at one 

given time. When simulating these resources, the number of harvested plants increases 

which then increases the overall max yield of grams that may be acquired for the plants.  

Table 15: Simulation data to calculate grams harvest over 300 days with twenty resources.  

 

Food Name Simulation Days grown Total Grams

Food Name Number Harvested over Simulation Days grown Max (lbs) Pounds Harvested Max Grams Harvested

Lettuce 100 300 0.5 50 22700

Spinach 100 300 0.6 60 27240

Onions 60 300 0.2 12 5448

Garlic 40 300 0.105 4.2 1906.8

Green Peas 80 300 0.25 20 9080

Black Beans 40 300 0.05 2 908

Potatoe 40 300 3 120 54480

Strawberries 20 300 0.5 10 4540

Tomatoes 60 300 10 600 272400

Broccoli 480 300 0.5 240 108960

Cabbage 460 300 0.5 230 104420

Beets 280 300 0.5 140 63560

Carrots 280 300 0.5 140 63560

Kale 460 300 0.5 230 104420

Output (Yield/plant) Output Harvest 



 

91 
 

 After receiving the number of grams that may be obtained from the simulation 

over 300 days, another analysis is performed. The grams received is then multiplied by 

the total amount of mg received from one gram of each compound of vitamin, minerals, 

and amino acids. This then derives a total amount of mg received for individual foods 

for mg per gram of that individual food. A constant is used for the daily required 

amount of mg per nutrient compound. The daily amount if multiplied by 300 days for a 

goal attainment value to be required over the time in space. The next set of data is used 

from table 14 to determine the difference amount of mg from the constant value of 

required mg for 300 days minus the simulated amount received. Nutrient deficiency is 

calculated by taking the difference amount divided by the required 300-day constant 

amount for the percent of deficiency. This total deficiency amount works in categories 

of 40%-100% the individual is at high risk, 20%-39% is moderate risk and anything 

below 20% is ok risk. The final calculated formula is the available days of stable 

nutrition for each individual compound. This is calculated by the total amount of 

received mgs of nutrient simulated divided by the amount of daily required mg for each 

individual compound.  
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Table 16: Simulation data set used to compare all different outcomes between 1, 5, 10, 15, 20 and 25 

resources used. 

 

Number of Resources Available Food Name Number Harvested over Simulation Days grown Amount/day (inches) Min (lbs) Max (lbs) Pounds Harvested Min Pounds Harvested Max Grams Harvested

1 Resource Lettuce 5 300 0.4 0.4 0.5 2 2.5 1135

1 Resource Spinach 5 300 0.3 0.5 0.6 2.5 3 1362

1 Resource Onions 3 300 0.2 0.1 0.2 0.3 0.6 272.4

1 Resource Garlic 2 300 0.2 0.011 0.105 0.022 0.21 95.34

1 Resource Green Peas 4 300 0.2 0.15 0.25 0.6 1 454

1 Resource Black Beans 2 300 0.3 0.04 0.05 0.08 0.1 45.4

1 Resource Potatoe 2 300 0.5 2.5 3 5 6 2724

1 Resource Strawberries 1 300 0.3 0.4 0.5 0.4 0.5 227

1 Resource Tomatoes 3 300 0.5 5 10 15 30 13620

1 Resource Broccoli 24 300 0.3 0.25 0.5 6 12 5448

1 Resource Cabbage 23 300 0.3 0.25 0.5 5.75 11.5 5221

1 Resource Beets 14 300 0.3 0.25 0.5 3.5 7 3178

1 Resource Carrots 14 300 0.3 0.25 0.5 3.5 7 3178

1 Resource Kale 23 300 0.3 0.25 0.5 5.75 11.5 5221

5 Resources Lettuce 25 300 0.4 0.4 0.5 10 12.5 5675

5 Resources Spinach 25 300 0.3 0.5 0.6 12.5 15 6810

5 Resources Onions 15 300 0.2 0.1 0.2 1.5 3 1362

5 Resources Garlic 10 300 0.2 0.011 0.105 0.11 1.05 476.7

5 Resources Green Peas 20 300 0.2 0.15 0.25 3 5 2270

5 Resources Black Beans 10 300 0.3 0.04 0.05 0.4 0.5 227

5 Resources Potatoe 10 300 0.5 2.5 3 25 30 13620

5 Resources Strawberries 5 300 0.3 0.4 0.5 2 2.5 1135

5 Resources Tomatoes 15 300 0.5 5 10 75 150 68100

5 Resources Broccoli 120 300 0.3 0.25 0.5 30 60 27240

5 Resources Cabbage 115 300 0.3 0.25 0.5 28.75 57.5 26105

5 Resources Beets 70 300 0.3 0.25 0.5 17.5 35 15890

5 Resources Carrots 70 300 0.3 0.25 0.5 17.5 35 15890

5 Resources Kale 115 300 0.3 0.25 0.5 28.75 57.5 26105

10 Resources Lettuce 50 300 0.4 0.4 0.5 20 25 11350

10 Resources Spinach 50 300 0.3 0.5 0.6 25 30 13620

10 Resources Onions 30 300 0.2 0.1 0.2 3 6 2724

10 Resources Garlic 20 300 0.2 0.011 0.105 0.22 2.1 953.4

10 Resources Green Peas 40 300 0.2 0.15 0.25 6 10 4540

10 Resources Black Beans 20 300 0.3 0.04 0.05 0.8 1 454

10 Resources Potatoe 20 300 0.5 2.5 3 50 60 27240

10 Resources Strawberries 10 300 0.3 0.4 0.5 4 5 2270

10 Resources Tomatoes 30 300 0.5 5 10 150 300 136200

10 Resources Broccoli 240 300 0.3 0.25 0.5 60 120 54480

10 Resources Cabbage 230 300 0.3 0.25 0.5 57.5 115 52210

10 Resources Beets 140 300 0.3 0.25 0.5 35 70 31780

10 Resources Carrots 140 300 0.3 0.25 0.5 35 70 31780

10 Resources Kale 230 300 0.3 0.25 0.5 57.5 115 52210

15 Resources Lettuce 75 300 0.4 0.4 0.5 30 37.5 17025

15 Resources Spinach 75 300 0.3 0.5 0.6 37.5 45 20430

15 Resources Onions 45 300 0.2 0.1 0.2 4.5 9 4086

15 Resources Garlic 30 300 0.2 0.011 0.105 0.33 3.15 1430.1

15 Resources Green Peas 60 300 0.2 0.15 0.25 9 15 6810

15 Resources Black Beans 30 300 0.3 0.04 0.05 1.2 1.5 681

15 Resources Potatoe 30 300 0.5 2.5 3 75 90 40860

15 Resources Strawberries 15 300 0.3 0.4 0.5 6 7.5 3405

15 Resources Tomatoes 45 300 0.5 5 10 225 450 204300

15 Resources Broccoli 360 300 0.3 0.25 0.5 90 180 81720

15 Resources Cabbage 345 300 0.3 0.25 0.5 86.25 172.5 78315

15 Resources Beets 210 300 0.3 0.25 0.5 52.5 105 47670

15 Resources Carrots 210 300 0.3 0.25 0.5 52.5 105 47670

15 Resources Kale 345 300 0.3 0.25 0.5 86.25 172.5 78315

20 Resources Lettuce 100 300 0.4 0.4 0.5 40 50 22700

20 Resources Spinach 100 300 0.3 0.5 0.6 50 60 27240

20 Resources Onions 60 300 0.2 0.1 0.2 6 12 5448

20 Resources Garlic 40 300 0.2 0.011 0.105 0.44 4.2 1906.8

20 Resources Green Peas 80 300 0.2 0.15 0.25 12 20 9080

20 Resources Black Beans 40 300 0.3 0.04 0.05 1.6 2 908

20 Resources Potatoe 40 300 0.5 2.5 3 100 120 54480

20 Resources Strawberries 20 300 0.3 0.4 0.5 8 10 4540

20 Resources Tomatoes 60 300 0.5 5 10 300 600 272400

20 Resources Broccoli 480 300 0.3 0.25 0.5 120 240 108960

20 Resources Cabbage 460 300 0.3 0.25 0.5 115 230 104420

20 Resources Beets 280 300 0.3 0.25 0.5 70 140 63560

20 Resources Carrots 280 300 0.3 0.25 0.5 70 140 63560

20 Resources Kale 460 300 0.3 0.25 0.5 115 230 104420

25 Resources Lettuce 125 300 0.4 0.4 0.5 50 62.5 28375

25 Resources Spinach 125 300 0.3 0.5 0.6 62.5 75 34050

25 Resources Onions 75 300 0.2 0.1 0.2 7.5 15 6810

25 Resources Garlic 50 300 0.2 0.011 0.105 0.55 5.25 2383.5

25 Resources Green Peas 100 300 0.2 0.15 0.25 15 25 11350

25 Resources Black Beans 50 300 0.3 0.04 0.05 2 2.5 1135

25 Resources Potatoe 50 300 0.5 2.5 3 125 150 68100

25 Resources Strawberries 25 300 0.3 0.4 0.5 10 12.5 5675

25 Resources Tomatoes 75 300 0.5 5 10 375 750 340500

25 Resources Broccoli 600 300 0.3 0.25 0.5 150 300 136200

25 Resources Cabbage 575 300 0.3 0.25 0.5 143.75 287.5 130525

25 Resources Beets 350 300 0.3 0.25 0.5 87.5 175 79450

25 Resources Carrots 350 300 0.3 0.25 0.5 87.5 175 79450

25 Resources Kale 575 300 0.3 0.25 0.5 143.75 287.5 130525
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Table 17: Simulation data set developed for analyzing the nutrient deficiency and days available.  

Sim Set Type Nutrient Name Nutrient Deficiency % Days Available from Nutrients  

1 Resource Mineral Calcium 95% 14 

1 Resource Mineral Iron 95% 16 

1 Resource Mineral Magnesium 93% 20 

1 Resource Mineral Phosphorus 95% 16 

1 Resource Mineral Potassium 89% 34 

1 Resource Mineral Selenium 98% 5 

1 Resource Mineral Sodium 98% 5 

1 Resource Mineral Boron 93% 22 

1 Resource Mineral Chromium 98% 6 

1 Resource Mineral Copper 94% 17 

1 Resource Mineral Fluorine 92% 23 

1 Resource Mineral Iodine 99% 2 

1 Resource Mineral Manganese 83% 50 

1 Resource Mineral Molybdenum 96% 13 

1 Resource Mineral Zinc 97% 8 

1 Resource Mineral Chloride 98% 5 

1 Resource Vitamin Biotin 92% 25 

1 Resource Vitamin Folic Acid 85% 44 

1 Resource Vitamin Niacin 89% 32 

1 Resource Vitamin 
Pantothenic 
Acid 97% 9 

1 Resource Vitamin Riboflavin 95% 15 

1 Resource Vitamin Thiamine 95% 16 

1 Resource Vitamin Vitamin A 81% 56 

1 Resource Vitamin Vitamin B6 90% 31 

1 Resource Vitamin Vitamin B12 100% 0 

1 Resource Vitamin Vitamin C 43% 172 

1 Resource Vitamin Vitamin D 100% 0 

1 Resource Vitamin Vitamin E 94% 17 

1 Resource Vitamin Vitamin K -73% 520 

1 Resource Vitamin Choline 97% 10 

1 Resource Amino Acid Histidine 97% 10 

1 Resource Amino Acid Isoleucine 95% 14 

1 Resource Amino Acid Leucine 97% 9 

1 Resource Amino Acid Lysine 97% 10 

1 Resource Amino Acid Methionine 99% 4 

1 Resource Amino Acid Phenylalanine 97% 9 

1 Resource Amino Acid Threonine 95% 14 

1 Resource Amino Acid Tryptophan 95% 15 
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Table 17 (continued) 

1 Resource Amino Acid Valine 96% 13 

1 Resource Amino Acid Alanine 95% 14 

1 Resource Amino Acid Aspartic acid 87% 40 

1 Resource Amino Acid Glutamic acid 84% 49 

1 Resource Amino Acid Arginine 97% 9 

1 Resource Amino Acid Cysteine 90% 29 

1 Resource Amino Acid Tyrosine 64% 109 

1 Resource Amino Acid Glycine 98% 7 

1 Resource Amino Acid Proline 98% 5 

1 Resource Amino Acid Serine 98% 7 

5 Resources Mineral Calcium 77% 70 

5 Resources Mineral Iron 73% 81 

5 Resources Mineral Magnesium 67% 100 

5 Resources Mineral Phosphorus 73% 82 

5 Resources Mineral Potassium 43% 171 

5 Resources Mineral Selenium 92% 24 

5 Resources Mineral Sodium 92% 24 

5 Resources Mineral Boron 63% 112 

5 Resources Mineral Chromium 89% 32 

5 Resources Mineral Copper 72% 85 

5 Resources Mineral Fluorine 62% 113 

5 Resources Mineral Iodine 97% 10 

5 Resources Mineral Manganese 16% 251 

5 Resources Mineral Molybdenum 79% 64 

5 Resources Mineral Zinc 86% 41 

5 Resources Mineral Chloride 92% 24 

5 Resources Vitamin Biotin 59% 124 

5 Resources Vitamin Folic Acid 26% 222 

5 Resources Vitamin Niacin 47% 159 

5 Resources Vitamin 
Pantothenic 
Acid 86% 43 

5 Resources Vitamin Riboflavin 76% 73 

5 Resources Vitamin Thiamine 73% 80 

5 Resources Vitamin Vitamin A 6% 281 

5 Resources Vitamin Vitamin B6 48% 156 

5 Resources Vitamin Vitamin B12 100% 0 

5 Resources Vitamin Vitamin C -187% 860 

5 Resources Vitamin Vitamin D 100% 0 

5 Resources Vitamin Vitamin E 71% 86 

5 Resources Vitamin Vitamin K -767% 2600 

5 Resources Vitamin Choline 83% 52 
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Table 17 (continued)     

5 Resources Amino Acid Histidine 83% 52 

5 Resources Amino Acid Isoleucine 77% 69 

5 Resources Amino Acid Leucine 85% 44 

5 Resources Amino Acid Lysine 84% 48 

5 Resources Amino Acid Methionine 93% 22 

5 Resources Amino Acid Phenylalanine 85% 44 

5 Resources Amino Acid Threonine 76% 71 

5 Resources Amino Acid Tryptophan 75% 75 

5 Resources Amino Acid Valine 78% 65 

5 Resources Amino Acid Alanine 77% 68 

5 Resources Amino Acid Aspartic acid 34% 199 

5 Resources Amino Acid Glutamic acid 18% 247 

5 Resources Amino Acid Arginine 85% 45 

5 Resources Amino Acid Cysteine 52% 145 

5 Resources Amino Acid Tyrosine -81% 543 

5 Resources Amino Acid Glycine 88% 36 

5 Resources Amino Acid Proline 92% 24 

5 Resources Amino Acid Serine 89% 33 

10 Resources Mineral Calcium 53% 141 

10 Resources Mineral Iron 46% 161 

10 Resources Mineral Magnesium 33% 200 

10 Resources Mineral Phosphorus 46% 163 

10 Resources Mineral Potassium -14% 343 

10 Resources Mineral Selenium 84% 49 

10 Resources Mineral Sodium 84% 48 

10 Resources Mineral Boron 25% 224 

10 Resources Mineral Chromium 79% 64 

10 Resources Mineral Copper 43% 170 

10 Resources Mineral Fluorine 24% 227 

10 Resources Mineral Iodine 93% 21 

10 Resources Mineral Manganese -67% 501 

10 Resources Mineral Molybdenum 57% 129 

10 Resources Mineral Zinc 73% 82 

10 Resources Mineral Chloride 84% 48 

10 Resources Vitamin Biotin 17% 249 

10 Resources Vitamin Folic Acid -48% 444 

10 Resources Vitamin Niacin -6% 317 

10 Resources Vitamin 
Pantothenic 
Acid 72% 85 

10 Resources Vitamin Riboflavin 51% 146 

10 Resources Vitamin Thiamine 47% 160 
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Table 17 (continued)     

10 Resources Vitamin Vitamin A -88% 563 

10 Resources Vitamin Vitamin B6 -4% 311 

10 Resources Vitamin Vitamin B12 100% 0 

10 Resources Vitamin Vitamin C -473% 1720 

10 Resources Vitamin Vitamin D 100% 0 

10 Resources Vitamin Vitamin E 43% 172 

10 Resources Vitamin Vitamin K -1633% 5200 

10 Resources Vitamin Choline 66% 103 

10 Resources Amino Acid Histidine 65% 105 

10 Resources Amino Acid Isoleucine 54% 138 

10 Resources Amino Acid Leucine 71% 88 

10 Resources Amino Acid Lysine 68% 96 

10 Resources Amino Acid Methionine 85% 44 

10 Resources Amino Acid Phenylalanine 71% 87 

10 Resources Amino Acid Threonine 53% 142 

10 Resources Amino Acid Tryptophan 50% 150 

10 Resources Amino Acid Valine 57% 130 

10 Resources Amino Acid Alanine 55% 135 

10 Resources Amino Acid Aspartic acid -33% 399 

10 Resources Amino Acid Glutamic acid -65% 495 

10 Resources Amino Acid Arginine 70% 90 

10 Resources Amino Acid Cysteine 3% 290 

10 Resources Amino Acid Tyrosine -262% 1086 

10 Resources Amino Acid Glycine 76% 73 

10 Resources Amino Acid Proline 84% 49 

10 Resources Amino Acid Serine 78% 66 

15 Resources Mineral Calcium 30% 211 

15 Resources Mineral Iron 19% 242 

15 Resources Mineral Magnesium 0% 299 

15 Resources Mineral Phosphorus 18% 245 

15 Resources Mineral Potassium -71% 514 

15 Resources Mineral Selenium 76% 73 

15 Resources Mineral Sodium 76% 72 

15 Resources Mineral Boron -12% 336 

15 Resources Mineral Chromium 68% 97 

15 Resources Mineral Copper 15% 254 

15 Resources Mineral Fluorine -13% 340 

15 Resources Mineral Iodine 90% 31 

15 Resources Mineral Manganese -151% 752 

15 Resources Mineral Molybdenum 36% 193 
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Table 17 (continued)     

15 Resources Mineral Zinc 59% 123 

15 Resources Mineral Chloride 76% 71 

15 Resources Vitamin Biotin -24% 373 

15 Resources Vitamin Folic Acid -122% 666 

15 Resources Vitamin Niacin -59% 476 

15 Resources Vitamin 
Pantothenic 
Acid 57% 128 

15 Resources Vitamin Riboflavin 27% 220 

15 Resources Vitamin Thiamine 20% 240 

15 Resources Vitamin Vitamin A -181% 844 

15 Resources Vitamin Vitamin B6 -56% 467 

15 Resources Vitamin Vitamin B12 100% 0 

15 Resources Vitamin Vitamin C -760% 2581 

15 Resources Vitamin Vitamin D 100% 0 

15 Resources Vitamin Vitamin E 14% 258 

15 Resources Vitamin Vitamin K -2500% 7799 

15 Resources Vitamin Choline 48% 155 

15 Resources Amino Acid Histidine 48% 157 

15 Resources Amino Acid Isoleucine 31% 207 

15 Resources Amino Acid Leucine 56% 132 

15 Resources Amino Acid Lysine 52% 144 

15 Resources Amino Acid Methionine 78% 66 

15 Resources Amino Acid Phenylalanine 56% 131 

15 Resources Amino Acid Threonine 29% 213 

15 Resources Amino Acid Tryptophan 25% 225 

15 Resources Amino Acid Valine 35% 196 

15 Resources Amino Acid Alanine 32% 203 

15 Resources Amino Acid Aspartic acid -99% 598 

15 Resources Amino Acid Glutamic acid -147% 742 

15 Resources Amino Acid Arginine 55% 135 

15 Resources Amino Acid Cysteine -45% 435 

15 Resources Amino Acid Tyrosine -443% 1629 

15 Resources Amino Acid Glycine 64% 109 

15 Resources Amino Acid Proline 76% 73 

15 Resources Amino Acid Serine 67% 100 

20 Resources Mineral Calcium 6% 282 

20 Resources Mineral Iron -7% 322 

20 Resources Mineral Magnesium -33% 399 

20 Resources Mineral Phosphorus -9% 326 

20 Resources Mineral Potassium -129% 686 

20 Resources Mineral Selenium 68% 97 
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Table 17 (continued)     

20 Resources Mineral Sodium 68% 96 

20 Resources Mineral Boron -49% 448 

20 Resources Mineral Chromium 57% 129 

20 Resources Mineral Copper -13% 339 

20 Resources Mineral Fluorine -51% 454 

20 Resources Mineral Iodine 86% 42 

20 Resources Mineral Manganese -234% 1002 

20 Resources Mineral Molybdenum 14% 257 

20 Resources Mineral Zinc 46% 163 

20 Resources Mineral Chloride 68% 95 

20 Resources Vitamin Biotin -66% 498 

20 Resources Vitamin Folic Acid -196% 888 

20 Resources Vitamin Niacin -111% 634 

20 Resources Vitamin 
Pantothenic 
Acid 43% 170 

20 Resources Vitamin Riboflavin 2% 293 

20 Resources Vitamin Thiamine -7% 320 

20 Resources Vitamin Vitamin A -275% 1126 

20 Resources Vitamin Vitamin B6 -108% 623 

20 Resources Vitamin Vitamin B12 100% 0 

20 Resources Vitamin Vitamin C -1047% 3441 

20 Resources Vitamin Vitamin D 100% 0 

20 Resources Vitamin Vitamin E -15% 345 

20 Resources Vitamin Vitamin K -3366% 10399 

20 Resources Vitamin Choline 31% 207 

20 Resources Amino Acid Histidine 30% 210 

20 Resources Amino Acid Isoleucine 8% 276 

20 Resources Amino Acid Leucine 41% 176 

20 Resources Amino Acid Lysine 36% 192 

20 Resources Amino Acid Methionine 70% 89 

20 Resources Amino Acid Phenylalanine 42% 174 

20 Resources Amino Acid Threonine 5% 284 

20 Resources Amino Acid Tryptophan 0% 301 

20 Resources Amino Acid Valine 13% 261 

20 Resources Amino Acid Alanine 10% 270 

20 Resources Amino Acid Aspartic acid -166% 797 

20 Resources Amino Acid Glutamic acid -230% 989 

20 Resources Amino Acid Arginine 40% 180 

20 Resources Amino Acid Cysteine -93% 580 

20 Resources Amino Acid Tyrosine -624% 2172 

20 Resources Amino Acid Glycine 52% 145 
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Table 17 (continued)     

20 Resources Amino Acid Proline 68% 97 

20 Resources Amino Acid Serine 56% 133 

25 Resources Mineral Calcium -17% 352 

25 Resources Mineral Iron -34% 403 

25 Resources Mineral Magnesium -66% 499 

25 Resources Mineral Phosphorus -36% 408 

25 Resources Mineral Potassium -186% 857 

25 Resources Mineral Selenium 59% 122 

25 Resources Mineral Sodium 60% 121 

25 Resources Mineral Boron -87% 560 

25 Resources Mineral Chromium 46% 161 

25 Resources Mineral Copper -41% 424 

25 Resources Mineral Fluorine -89% 567 

25 Resources Mineral Iodine 83% 52 

25 Resources Mineral Manganese -318% 1253 

25 Resources Mineral Molybdenum -7% 322 

25 Resources Mineral Zinc 32% 204 

25 Resources Mineral Chloride 60% 119 

25 Resources Vitamin Biotin -107% 622 

25 Resources Vitamin Folic Acid -270% 1109 

25 Resources Vitamin Niacin -164% 793 

25 Resources Vitamin 
Pantothenic 
Acid 29% 213 

25 Resources Vitamin Riboflavin -22% 366 

25 Resources Vitamin Thiamine -33% 400 

25 Resources Vitamin Vitamin A -369% 1407 

25 Resources Vitamin Vitamin B6 -160% 779 

25 Resources Vitamin Vitamin B12 100% 0 

25 Resources Vitamin Vitamin C -1334% 4301 

25 Resources Vitamin Vitamin D 100% 0 

25 Resources Vitamin Vitamin E -44% 431 

25 Resources Vitamin Vitamin K -4233% 12999 

25 Resources Vitamin Choline 14% 259 

25 Resources Amino Acid Histidine 13% 262 

25 Resources Amino Acid Isoleucine -15% 345 

25 Resources Amino Acid Leucine 27% 220 

25 Resources Amino Acid Lysine 20% 240 

25 Resources Amino Acid Methionine 63% 111 

25 Resources Amino Acid Phenylalanine 27% 218 

25 Resources Amino Acid Threonine -18% 355 

25 Resources Amino Acid Tryptophan -25% 376 
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Table 17 (continued)     

25 Resources Amino Acid Valine -9% 326 

25 Resources Amino Acid Alanine -13% 338 

25 Resources Amino Acid Aspartic acid -232% 997 

25 Resources Amino Acid Glutamic acid -312% 1236 

25 Resources Amino Acid Arginine 25% 225 

25 Resources Amino Acid Cysteine -142% 725 

25 Resources Amino Acid Tyrosine -805% 2715 

25 Resources Amino Acid Glycine 40% 181 

25 Resources Amino Acid Proline 59% 122 

25 Resources Amino Acid Serine 45% 166 
 

As a result, from this data set, we can expect that the nutrient deficiency value 

may decrease while the number of days available for receiving nutrients increases. 25 

resources were too much for comparison purposes, so data revolving around 20 

resources and 1 resource were used for the evaluation. We assume that because of these 

elevated levels of nutrient deficiency being decreased that the individual would receive 

a stable healthy performance. When comparing the two datasets this is not the case and 

each compound is altered in its own individual way but may not reach ideal levels for a 

healthy standard.  

6.4 Simulation Results of Nutritional Performance  

 The results of this study were as expected for using only one resource per plant 

when growing food. An individual will be lacking in all nutrients of vitamins, minerals, 

and amino acids for only using 1 resource per plant. Each category is broken down for 

using 1 resource and shown in charts 9 through 11. Certain nutrient compounds 

dominate over others which skews the values for the chart making some non-

representable, but they are still calculated. Vitamins and minerals do not have a 
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balanced total amount required as amino acids which makes the data more difficult to 

view properly.  

 

Figure 20: Amount of minerals received vs required over 300-day simulation with 1 resource.  
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Figure 21: Amount of mg vitamins received vs required over 300-day simulation with 1 resource.  

 

 

Figure 22: Amount of mg amino acids received vs required over 300-day simulation with 1 resource.  

 The daily amount of all vitamins minerals and amino acids is represented in 

chart 12 using only 1 resource. The study shows that Vitamin K, C, A, manganese, and 

tyrosine are the leading compounds for days available from the total amount of mgs 

received from all foods. The least number of days available from nutrient compounds 

are vitamin D (0), B12 (0), iodine, methionine, chloride, and sodium. These then 

become a major concern for future analysis know they provide the lease number of days 

for sustainability. Chart 13 represents the nutrient deficiency amount for using only 

resource by nutrient compound. There are only three drivers for the lowest amount 

deficiency percentage, Vitamin K, Vitamin C and Tyrosine. All other compounds are in 

the 80% or higher range which is automatically at high risk and concerning for future 

resource additions.  
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Figure 23: Total days available for one resource per plant by nutrient.  

 

 

Figure 24: Nutrient deficiency percent by individual nutrient using one resource over the simulation.  

 Chart 14 represents the total percent deficiency by compound using alternative 

resources. As the resource amount increases the study shows the percentage of 

deficiency to decrease. A person is less likely to be deficient when using multiple plants 

at one given time for growing food. When using twenty plants at one given grow cycle, 

the simulation starts to show a balance of nutrient compounds being received but does 
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not highlight each individual compound. This may be misleading to the eye. Even with 

twenty resources being used there are still high drivers for high nutrient deficiency. 

These high drivers are selenium, sodium, iodine, chloride, vitamin b12, vitamin D, 

methionine, and proline. All these categories fall between the range of 50-100% 

nutrient overall nutrient deficiency over the 300 days.    

 

Figure 25: Nutrient deficiency total by number of resources used.  

 Chart 15 represents the total amount of days available for the overall amount of 

nutrients received for each individual compound. As the number of plants grown 

increases so does the number of available days for sustainable nutrients received. From 

these totals remains outliers that do not meet the total amount of 300 simulated days 

when using twenty resources. These compounds are selenium, sodium, chromium, 

iodine, molybdenum, zinc, chloride, pantothenic acid, vitamin b12, vitamin d, choline, 

histidine, leucine, lysine, methionine, phenylalanine, arginine, glycine, proline, and 
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serine. So even though the total amount of mg for vitamins, minerals and amino acids 

simulated is reaching the total amount required certain nutrient compounds are lacking 

in daily required amount. Other compounds are exceedingly far greatly over the daily 

required amount and skewing the overall view for mg received. These high drivers that 

are skewing the total amount of mg received are potassium, manganese, folic acid, 

niacin, vitamin a, vitamin b6, vitamin c, vitamin k, aspartic acid, glutamic acid, 

cysteine, and tyrosine.  

 

Figure 26: Total days available by nutrient for different amount if resources used.  

 The overall results from the simulated data show that as resources increase the 

number of days available and mg received also increase, while the nutrient deficiency 

percent decreases. As the amount of mg received per vitamin, mineral and amino acid 

increases, it does not mean that the individual is balanced for overall health. Certain 
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foods contain a higher number of individual compounds per gram of food and when 

growing mass quantities, it may lead to over consumption of certain nutrients which 

may become toxic. Using one resource per plant is far short of providing the daily 

number of required mgs per compound while 20 resources may be too much for certain 

ones. A healthy balance must come from a mixed model production of using certain 

plants to offset the high drivers for certain compounds and balance the high toxicity. 

Certain compounds must be supplemented like vitamin b12 and vitamin D which do not 

provide any value from all 14 foods selected. These two vitamins alone drive high risk 

for individuals in space when deficient.   

6.5 Nutritional Balance Comparison for Health Risks 

 Not that the total amount of nutrients received is balanced, the study can focus 

on how these values impact the overall health risk for individuals in space. Chart 16 

shows the high impact of growing more food in space which is shown to deliver higher 

quantities of mgs per compound category. This is represented in charts 17 and 18 where 

the overall total of nutrient compounds is compared between using one resource or 20 

resources. From the study it is clearly represented that one resource does not provide 

enough support for handling 300 days in space. The health risk comparison will be 

evaluated from the 20-resource consumption.  
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Figure 27: Total number of plants grown by using different resource amounts.  

 

Figure 28: Total mg amount for vitamins, minerals, and amino acids using one resource.  
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Figure 29: Total mg amount for vitamins, minerals, and amino acids using twenty resources.  

 Each health risk listed in chapter 5 is associated with certain vitamins, minerals 

and amino acids that alter the overall impact of each risk. Certain nutrient compounds 

help reduce the potential risk of receiving a health complication or reduce the rate in 

which it becomes triggered. This comparison in section 6.5 will look at what vitamins 

minerals and amino acids are high in mg received and low in mg received. These values 

will dictate whether an individual’s health risk is heightened or reduced due to the 

number of mgs received from the simulation. 

 The first category looked at will be minerals and how they impact the overall 

health risk of individuals in space when consuming the plants simulated. After 

evaluating twenty resources used to grow plants 6 out of the 16 minerals remain 

nutrient deficient. Starting with the most nutrient deficient and working towards the 

least nutrient deficient but at high risk still the study breaks down each individual 

compound.  
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• Iodine supports growth and development of the body which also impacts the 

overall bone and brain development over time. This causes an individual in 

space to be at a higher risk for 2 out of the 8 risk complications. The 

complications may be associated with psychological and cognitive health risks.  

•  Selenium helps with DNA production along with fighting off bacteria from 

infections or viruses. This compound also helps with psychological emotions in 

the brain. Being deficient in selenium puts individuals at higher risk for issues 

like psychological, cognitive, and immune concerns when in space.  

• Sodium helps with the reduction of blood pressure and ensuring proper blood 

flow throughout the body. When lacking in sodium individuals may receive 

higher risk for 4 out of the 8 risks. The four risks are psychological, and 

cognitive because of blood flow to the brain, lungs because of gravities altering 

flow of blood through them, and cardiac issues because the heart controls all 

major blood throughout the body.  

• Chloride helps with fluid flow throughout the body along with a healthy blood 

flow. Issues that arise from lacking in chloride may be related to the kidney with 

developing stones from the lack of fluid flow. With the lack of blood flow 

concerns like cognitive, psychological, lung and cardiac issues become at higher 

risk.  

• Chromium helps with insulation flow throughout the body and lacking in this 

could cause issues for the heart.  

• Zinc helps the immune system fight off invading bacteria and viruses. A nutrient 

deficiency in zinc may alter concerns like immune system depletion which 
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enhances other health risks by breaking down the health of an individual in 

space.  

• Minerals to worry about high toxicity from the simulated data are potassium and 

manganese.  

The second category of heal concerns associated with compounds will revolve 

around vitamins. Two vitamins already show major concern because they were not 

received at all during the simulation. Vitamins play a key role in the everyday life of 

individuals. Being nutrient deficiency in vitamins may become fatal to the 

individual in space if left unattended. The nutrient deficient (highest to lowest) 

vitamins are: 

•  Vitamin b12, also known as cyanocobalamin, is found in animal products hence 

why there was none found through the simulations. This vitamin alters the bone 

health, brain development, DNA structure, and emotional level of individuals. 

There are four categories of health complications this vitamin is associated with: 

psychological, cognitive, immune, and radiation. A high deficiency in this 

vitamin could lead to a more fatal outcome.  

• Vitamin d helps boost the immune system and strengthen bones. Because of 

gravity individuals in space fight muscle and bone deterioration every day. 

Being deficient in vitamin d will increase the risk an individual may become 

sick along with weaking the body’s performance by not being able to support 

the skeletal structure.  

• Pantothenic acid or B5 helps with the digestion of food into energy 

consumption. This plays a significant role when handling the microbiome and 
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gut bacteria. If gut bacteria are not removed, an individual’s immune system 

may be at high risk for bacterial or virus infection. Along with this digestion 

support, vitamin b5 also helps with skin, hair, and eye development. Being 

deficient in this may not be as fatal consequences but does increase the risk for 

health complications for radiation, vision loss, immune system depletion, and 

cardiac complications.  

• Choline helps with brain development by reducing the risk of stroke and 

improving the cognitive and memory chambers of the brain. Being deficient in 

this compound affects the psychological and cognitive categories associated 

with health risk for individuals in space.  

• Vitamins at risk for high toxicity (lowest to highest) from the simulation are 

vitamin k, vitamin c, vitamin a, and folic acid.  

The final compound amino acids are the largest of categories and play a key role for 

all health complications listed in chapter 5. From chapter 3 the study shows that amino 

acids have varies jobs when supporting the body and are found more heavily in foods 

like animal products. The amino acids that show a high risk in deficiency for overall 

nutrients from the simulation are:  

•  Methionine plays a role in supporting health, hair and nails in repair and 

growth. Being deficient in this may lead to concerns due to radiation because of 

the sun’s exposure. Having a lower barrier of skin may allow for the radiation 

exposure to enter through the body more quickly.  
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• Proline breaks down protein synthesis which plays a significant role in the 

body’s overall performance. This deficiency may lead to the immune system 

failing and causing the individual to become extremely sick rapidly.  

• Serine helps fight diseases associated with the brain and how it develops in time. 

A deficiency in serine causes health complications like cognitive and 

psychological concerns to increase. It may also lead to kidney failure, and 

microbiome issues which then impact the overall immune system of the body.  

• Glycine helps produce creatine, make antioxidants, joint pain, and skin repair, 

sleep deprivation, liver support, heart disease prevention, and muscle building. 

This amino acid affects multiple health categories from chapter 5 like cardiac, 

kidney, radiation, psychological and cognitive concerns. Because of the lack of 

sleep the immune system may become impacted because the body does not have 

the proper time to rest and rebuild itself.  

• Phenylalanine helps the body use other amino acids as well as proteins and 

enzymes. The body converts phenylalanine to tyrosine, which is necessary for 

specific brain functions. This leads to health risks associated with psychological 

and cognitive concerns.  

• Leucine helps regulate blood sugar levels and aids the growth and repair of 

muscle and bone. This amino acid also helps with the development of skin and 

hair. Health complications that are impacted by this deficiency are cardiac, 

radiation, and immune system depletion.  

• Arginine helps with nitrogen flow throughout the body in the blood. When 

deficient in this amino acid blood flow is impacted which affects multiple 
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categories of health complications like cognitive, psychological, cardiac, lung 

and immune systems development.  

• Amino acids that show a potential high toxicity (least to greatest) over the 300 

days in space are glutamic acid, and tyrosine.  

As a result, from all these deficiencies per individual nutrient compounds, the study 

shows a correlation to a lack of nutrients and increase potential health risk. After 

evaluating each nutrient deficiency there is a more increased risk of certain health 

complications than others. The health complications at higher risk are psychological, 

cognitive, immune system, and cardiac issues. These major risks play an especially 

significant role because they work with the major organs within a human’s body. The 

brain controls the thought process of an individual while the heart keeps all other organs 

functioning with proper blood flow. Along with these major organs, the immune system 

is at high risk for elevated depletion to fight off viruses and bacteria. An individual in 

space becoming sick not only impacts the immune system but all other organs within 

the body as well. This domino effect then increases the risk of all other health 

complications occurring when in space.  

Chapter 7 Conclusion and Future Work 

7.1 Conclusion 

 The dissertation goal is to show how simulation modeling may be used for 

capacity planning which may alter the health performance of individuals in space while 

consuming specific types of foods based on nutritional compound structure. The first 

three phases of this dissertation have defined the nutritional value food contains, using 

simulation modeling for capacity analysis of food growth during space flight, and the 
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health risks associated to space flight with nutritional compound influencers. The final 

phase ties together all three phases of using nutrient dense foods to balance health risks 

associated to space flight using simulation modeling. After running a comparison 

between the simulation models and nutrient analysis the results show that an individual 

may survive in space but not in a health format.  

 An individual in space may have the proper balance for 29 out of 48 of the 

overall nutrient compounds. This is just over 60% of the overall required nutrients for a 

healthy performing body. Certain nutrients like vitamin b12 and vitamin d must be 

supplemented outside of the selected food because they were not received at all from 

the simulation. As the number of plants grown in one given cycle increases the overall 

deficiency percentage decreases which lowers the risk of certain health complications 

from forming. Simulation modeling is a resourceful tool when used for determining the 

overall capacity for food growing in pace along with the total nutrient comparison when 

altering resource availability. An individual in space does not have the proper 

nutritional healthy balance when limited to a selected groups of food in only vegetable, 

fruit, and legume categories.  

7.2 Future Work 

  Future work would entail additional planning for future missions exploring 

space and how greenhouse effectiveness can impact industrial scale farming for food on 

planets. A model designed greenhouse would help construct ideas for controlling 

environments of plants to be able to grow on a timely manner and sustain a true 

capacity. Simulation models would need to be scaled for a larger population size for 

capacity and nutrient density analysis, to derive an output for an entire crew exploring 
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space. Design in a more robust machine for growing and germination would need to be 

configured to reduce space and allow for multiple plants to be grown together. Health 

studies for individuals in space regarding food consumption could help associate health 

risks and nutritional consumption correlation. This then allows individuals to construct 

a diet around reducing health risks for space travel. Overall, after research with food 

and space there are multiple different routes to expand this research and continue 

growing in vast knowledge of how to help drive a more successful and sustainable 

mission for astronauts.  
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