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ABSTRACT
This proposal consists of the elaboration of a 3in-1 edible cutlery, which develops an additional
alternative solution to the loss of bone mass
suffered by astronauts today. This proposal is
only the beginning of a comprehensive solution
to a research question, its purpose, and the
objective of the research conducted. It describes
the development of a new technology, that when
implemented, could have a great scope; it also
mentions the possible limitations and the
suggested methodology to be applied, exposing,
in turn, the motivation and future implications
that could ensure a more fun and customized
supplementation according to the needs of each
individual. How could the implementation of a
multifaceted edible utensil promote bone health
in astronauts, while providing a more efficient
supplementary method to the current one? This
proposal aims to implement a new
supplementary technology that revolutionizes

the current food options, thus allowing the
development of an alternative that is not only
sustainable and effective but also prevents the
loss of bone mass suffered by astronauts. The
main objective of this proposal is to expose the
potential of this new technology, which can
contribute to economic growth in the case it is
commercialized. Development of this new
technology will include the investigation of
probable challenges that may arise from the
combination of the edible utensil and
manufacturing using a 3D Printer, and
ultimately, provide a solution that apart from
being innovative, is viable, cost-effective in both
the short and long term. Our cutlery does not
represent risks to the consumer, and we include
detailed vision of the methodology to be
implemented and the future motivation that is
envisioned
once
the
aforementioned
supplementary alternative is incorporated.
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TECHNOLOGY MERIT AND WORK PLAN
In space, astronauts use conventional utensils
such as a fork, knife, and spoon. Also, they have
a pair of scissors to open the food packages.
Microgravity can cause a loss of bone mass of
up to 2% per month in astronauts. This
deterioration is similar to that of a sedentary
person. Edible cutlery is a way to combat the
consequences of microgravity and part of its
negative effects. These utensils will facilitate the
intake of supplements for astronauts. It will
contain calcium, magnesium, zinc, copper,
phosphorus, vitamin D, and fiber from plants.
Currently, edible cutlery exists in order to
contribute to the environment, but these are
made with molds. In this case, the utensils will
be made using 3D printer technology (see Figure
1).

algae or beet leaves into tasty products. Our
recipe will be based on a whole wheat dough that
will contain the nutrients in it. Since the cutlery
is a paste material, extrusion-based printing will
be used. The extrusion process is one of the three
categories of 3D food printing techniques and
typically uses force to pass materials through a
die opening, allowing the creation of different
objects.
Our utensils will have a length of approximately
20 cm, the handle will have a width of 1.2 cm
and the concave head will have a width of 2.2
cm. In order to make a heat-resistant coating for
the edible cutlery, we are going to use an edible
polymer. According to a study, a good mixture
for our final product can be 52.25 g of whole
wheat dough, 2.75 g of olive oil, and 30.0 g of
water. This can vary according to our
supplements and final recipe.

Figure 1. Food 3D Printer (Ref.
https://www.ktchnrebel.com/)

This technology offers a range of potential
benefits. It can be healthy and good for the
environment because it can help to convert
alternative ingredients such as proteins from

Figure 2. Astronaut with edible cutlery sample.
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PROJECT MANAGEMENT APPROACH
Principal Investigator Ariany Mota will create a multifunctional design and research the feasibility, sustainability,
and efficiency of the edible cutlery, including its implementation. Computer Scientist Joelle Siong Sin will
research the best practices for edible cutlery development and 3D printing, improving the cutlery from an
engineering and environmental perspective. Biomedical Engineer Samayris Garcia, Astrophysicist Ricco
Venterea, and Aerospace Engineer Max Kirby will research supplements, vitamins, greens, health issues of
astronauts, edible polymers, refine the recipe, calculate the recommended and required levels of nutrients per
astronaut, and design the cutlery. Mechanical Engineers Rebecca Perkins and Mitchel Medvec, and Aerospace
Engineer Vladimir Zeltsman will prototype using at-home 3D printers and CAD to test different designs. Medvec
will also connect with SMEs. Zeltsman will also identify and manage the proper filament that is needed.
Mechanical Engineer Trey Riddle will work on spork and mold design, as well as manage project funds.
Economist Angel Zhu and Business Analyst Ryan Shah will ensure the efficient execution of deliverables through
creating implementation timelines and monitoring key performance indicators. Additionally, they will refine the
language of all published material to ensure that the progress made is comprehensible to the greater community.
Computer Scientist Peter Li will create financial projections and mitigate costs of raw food, food supply chain
planning, different brands of 3D food printers, and the shipping fee from earth to space.

Regarding milestones and deliverables throughout the development, trial, and launch phases, our team will reach
three goals: the final prototype, $200k in funding + 1100 utensils of edible cutlery for the trial phase, and 1100
utensils of edible cutlery for mass distribution. The prototype’s development will wrap up by the end of August
2021 and the team will provide a major update about the prototype to ensure that the project is on track for the
October 3D printing trials. In October, the team will prepare $200,000 in funding for 1100 utensils of edible
cutlery for the trial phases on Earth and in space. The number 1100 suffices six astronauts for 180 days in space
while using one utensil per day, with 20 extra to act as a buffer. In April 2022, we will prepare 1100 utensils of
edible cutlery for mass distribution in the industry. The resources required include a 3D printer, labs available at
multiple team members’ schools, as well as experiences across technical writing, management consulting,
engineering, life sciences, and analytics.
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TEAMING AND WORKFORCE DEVELOPMENT

Role on the Project

Applicable Experience

Potential to Mature, Alignment to
Agency Needs
Teaming and Workforce Development,
Outreach, Research, Editor/Reviewer

Project Management, Accounting,
CAD
Physics research, outreach, and
teamwork experience

Technology Merit

Project management, proposal writing,
teamwork
Research, Proposal writing for NASA
Competition, teamwork

Technology Merit

Teamwork, Research

Potential to Mature beyond this call,
New Technology Report
Management Approach, Reviewer

Astrophysics research, teamwork,
scientific writing
Management Consulting, Business
Operations/Recruitment

Teamwork and Workforce
Development, Alignment to Agency,
Reviewer
Potential to Mature, Alignment to
Agency Needs

Astronaut Health Research,
Teamwork, Proposal Writing
Teamwork, research, scientific
proposal writing

Management Approach, Reviewer

Technology Merit

Environmental Research, Cost
Estimates and Teamwork
Research, teamwork, scientific
proposal writing

Technology Merit

Project Management, Technical
Writing, Concept Development

Technology Merit
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Approximate Hours per Week
Available to Spend on Project
3
5
2-3
3-5
3
4
3

3-5
3-5
3-5
4
3-5

PROJECT POTENTIAL

This concept qualifies for an NTR (see
appendix). The edible cutlery is a low-risk,
easily implementable concept. By introducing
the edible cutlery design into future NASA
missions, astronauts will be able to enjoy the
comforts of home while living in space. Our
design allows for the customization of nutrition

supplements to suit personal dietary restrictions
and/or choices. This concept has no risk
associated with it and minimizes costs.
Astronauts can instead eat their utensils instead
of cleaning them after every meal. This will save
time, and water used to clean utensils can now
be diverted elsewhere.

ALIGNMENT TO AGENCY NEEDS

The space flight environment stresses physical
and biological systems in many ways, including
microgravity and space radiation. While
astronauts are shielded from most of the
relatively low-energy solar particles by their
spacecraft, galactic cosmic rays (GCRs) can
easily pass through the vehicle and the
astronauts, resulting in varying degrees of acute
radiation sickness (ARS) (Frazier). The
hematopoietic syndrome (HS), also known as
the bone marrow syndrome, is one of three
recognized ARS syndromes, occurs at the
lowest doses of radiation, and can have lethal
effects (Romero-Weaver). A reduction of
lymphocytes as a result of HS is of particular
concern because they are a major component of
the immune system, and a decrease in their
numbers can increase the risk for the
development of infections (Romero-Weaver). A

study by Romero-Weaver showed that orally
administered fructose increases the number of
peripheral lymphocytes reduced by exposure of
mice to gamma radiation, which is most
analogous to the GCRs that astronauts will
encounter on long-duration space exploration
missions. The fully customizable recipe of the
edible cutlery can be tailored to suit each
astronaut’s specific dietary needs and can also
include the prescribed dosage of fructose to help
mitigate some of the effects of acute radiation
sickness, thus enabling long-duration crewed
missions beyond low Earth orbit. This is in
direct alignment with NASA’s Strategic Plan,
Objective 2.2 (2018), which is to extend human
presence into cis-lunar space and the lunar
surface, with capabilities that allow for
sustained operations in deep space and the lunar
surface.
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COMMERCIAL APPLICATIONS

This project has as its main focus the
supplementation of astronauts to meet the need
for nutrients applicable to bone health, however,
this has a significant commercialization
potential which apart from bringing a preventive
contribution to health can generate a sustainable

income. The edible cutlery will be attractive for
sale as industries want to be seen as eco-friendly,
sustainable and at the same time inclusive. It is
for this reason that such cutlery will be promoted
as appropriate for any type of diet (see Figure 2).

Figure 3. Special Characteristics of the edible cutlery
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APPENDIX

Figure 4. Quad Chart.
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