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Abstract

Currently, there are approximately 400 types of space food approved by NASA, Roscosmos, and JAXA. Since the
advent of the commercial space travel era in 2021, the number of civilians traveling to space has been increasing, and
with it, the variety of space food is expected to expand significantly. Among the challenges of space food
development, one of the most difficult to consume in a microgravity environment is noodle dishes with liquid-based
soup, such as ramen. The space ramen currently certified by JAXA consists of spherical noodles and thickened soup.
While the taste resembles traditional ramen, the texture and eating experience are entirely different from that on
Earth. To address this issue, ASTRAX has been developing various technologies to allow long-term space travelers
to enjoy familiar foods in a way that closely replicates their terrestrial experience. The development of space ramen
is a crucial part of this initiative. Such advancements are expected to play a significant role in the evolving era of
commercial space travel by reducing stress for travelers and enhancing their enjoyment of food.

This paper explores methods for consuming noodle dishes with soup in microgravity and discusses future

development plans.
Keywords: (maximum 6 keywords)

1. Introduction

As 0f 2025, there are said to be approximately 400 types
of space food available to astronauts on the International
Space Station. This number will likely be even more
diverse if we include bonus foods, which are astronauts'
personal favorites, and space foods from past spacecratft.
While so many types of space food have already been
eaten in space, all of these foods are intended for
spaceflights related to national projects and are not
intended for general space travelers.

With the start of general space travel aboard private
spacecraft in 2021, the demand for a variety of space
foods is expected to grow. This demand will require
consideration not only of the type of food, but also of
the method of serving and eating, as well as religious
considerations and cooking methods tailored to
individual tastes. It will be necessary to meet both the
demand for "space-specific" eating styles and the
demand for eating styles similar to those on Earth.

In this paper, we consider the possibility of providing
noodles in liquid soup to general space travelers in
space, using ramen as an example.

The method of investigation will involve two cases:

when eating ramen, "eating it in a way that is unique to
space" and "eating it the same way as on Earth."
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However, since the former has already been developed
through joint development between the Japanese space
agency JAXA and a private company, this paper will
focus on the latter.

2. Challenges of Noodles (Noodles with Soup) in a
Zero-Gravity Environment

2.1 Space-Specific Noodles Adapted to the Space
Environment

It's easy to imagine that eating noodles in liquid soup in
a zero-gravity environment would be difficult, just like
on Earth. The biggest problem is the difficulty of
controlling the liquid soup. Taking this issue into
consideration, Japan's JAXA and a private food
manufacturer jointly developed instant ramen for space.
This ramen is still available as one of the space food
options for Japanese astronauts on the International
Space Station.

This ramen is packaged in a special space food pack,
thickened to increase viscosity and prevent the soup
from splashing. The noodles are formed into balls,
which are then mixed with the thick soup. This method
can be said to have made it possible, if one is solely
concerned with the taste of noodles.
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For more details, see the references [ ].
2.2 Noodles Eaten in Space as They Are on Earth

The ramen certified as a JAXA Japanese Space Food in
Section 2.1 tastes like ramen, but it lacks the texture and
eating style typical of noodles—Ilong, straight noodles
slurped from a liquid soup like on Earth—and therefore
does not provide the sensation of actually eating ramen.
In other words, the original flavor of ramen is
completely lost.

In the era of commercial space travel, ASTRAX
prioritizes meeting all customer needs, and is
researching and developing ways to make ramen
"unique to space" possible, just as it is on Earth.
Sections 3 and following describe ASTRAX's efforts.

3. ASTRAX's Space Food Development Initiative

3.1 Background of Space Food Research and
Development for the Era of Private Space Travel

As space travel becomes more common and widespread,
food needs in space will also diversify. While it is
possible to force some compromises within the space
environment and spacecraft constraints  when
developing space food for national astronauts, meeting
customer needs is more important for private customers.
Of course, compromising safety is unacceptable.

This is true not only for space food, but for general
customers as well. Because the living environment in
space is completely different from that on Earth, we
must consider two approaches. One is to prioritize the
space environment and develop products that are
"unique to space." The other is to develop products that
"achieve the same environment (conditions) in space as
on Earth."

At ASTRAX, we consider both approaches in all space
development projects because we never know which
customers will desire. Therefore, as a private space
service provider, we must always be prepared to meet
both needs.

For example, here are some examples of the difference
between "Developing space food unique to space" and
"Developing space food that is edible like Earth food."

Unique to space / Same as Earth

Yakitori: Canned / Developed actual grilling equipment
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Cold drinks: Keep at room temperature / Developed
refrigerator

Alcohol: Cannot drink (or packaged) / Can drink

Beer: Cannot drink (or packaged) / Developed dedicated
servers and mugs

Examples other than space food (for reference)
Bath: Wipe with a towel / Developed a space shower

3.2 Reasons for Development

The following are possible reasons for ASTRAX's
development of space food.

- To be able to meet various customer needs

- Improving customer (space tourist) satisfaction

- The importance of being able to eat in space with the
same experience as on Earth

(Psychological reassurance and stress relief) (See
Reference [102])

- Space food certified by NASA and JAXA is often pre-
packaged or commercially available retort pouches,
which are unsuitable for space travelers seeking more
luxury

- The desire to create a "space-specific presentation
service"

, etc.

3.3 Challenges
Environment

of Eating in a Zero-Gravity

Possible challenges when eating space food in zero
gravity include:

- Separation of liquid and solid matter

- Contamination and danger due to liquid splashing

- Changes in taste and difficulty in reproducing texture

- Psychological aspects (gap with eating habits on
Earth)

- High development and delivery costs

, etc.

At ASTRAX, we believe that meeting customer needs
and increasing customer satisfaction is more important
than simply being "edible" as a minimum requirement,
and we are therefore focusing on resolving these issues.

3.4 Food Shelf Life and Storage Methods

Space food has a shelf life and storage methods, which
must be taken into consideration when serving it in
space.

- Food shelf life is important for long-term travel.

- Storage period restrictions are less severe for short-
term space travel.
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- Storage techniques that maintain flavor and texture.

- Handling refrigeration or freezing if necessary.

- Storage methods for leftover ingredients and
seasonings.

3.5 Serving Methods

When serving space food to NASA and JAXA
astronauts and current space travelers to the
International Space Station, it is common for each
person to eat it directly from the package or can.
However, as the number of space travelers increases in
the future, various requests regarding the serving
method of space food are likely to arise.

In this case, it will be necessary to consider both "space-
specific serving methods" and "terrestrial-like serving
methods."

- Fixing food to prevent it from floating / Intentionally
floating food

- Presentation methods possible only in space (not
possible on Earth) / Presentation methods similar to
those on Earth

- Presentations possible only in space (not possible on
Earth) / Presentations similar to those on Earth

- Eating methods possible only in space (not possible on
Earth) / Eating methods similar to those on Earth

etc.

3.6 Food Waste Disposal Technology

An important issue that must be considered at the same
time is how to dispose of leftover space food.

- Waste disposal technology
- Recycling system technology
etc.

4. Technical
Development

Approach to Space Ramen

4.1 Eating Experiments on a Zero-Gravity Aircraft

ASTRAX once conducted a ramen eating experiment
using a zero-gravity aircraft for a television program.

For footage of the experiment, see Reference Material

L]

In this experiment, boiled noodles and toppings were
placed in a bowl while still heavy, soup was poured in
from a water bottle, and the noodles were eaten once the
zero-gravity environment was established.

IAC-25-B3.1P.21

As a result, in the zero-gravity environment, the liquid
soup merged with the noodles due to surface tension,
and when the noodles were pulled up with chopsticks,
both the noodles and the soup were pulled up.

Since it is still edible in this state, we believe that when
actually eating ramen in space, it may be possible to eat
it in the same state as regular ramen (with low-viscosity
soup and long, stretchy noodles) by taking measures to
prevent the soup from splashing.

4.2 Cooking Methods for Noodles in a Zero-Gravity
Environment

The following points need to be considered when
cooking noodles in a zero-gravity environment.

- Use powdered soup and thin dried noodles, both of
which can be added with hot water (extends shelf life).

- Use fresh noodles or liquid soup (shortens shelf life).

- Select noodles that can be rehydrated in 70°C water.

- Separate consideration is needed for handling
ingredients (they may stick together or fly apart with the
noodles).

- Consider the shape and handling method of ingredients
to make them easy to eat in zero gravity.

- Further consideration is needed for containers and
serving methods.

5. User Experience

Rather than considering it technically impossible, we
consider how to meet customer needs. To improve
space food technology, we need to explore a wider
range of needs and develop technologies to meet them.
To that end, we believe it is important to increase
opportunities to experience space food for space travel.

- Examining the impact of the "pleasure of eating" on
mental health during long-term space stays

- Development and application of space food
technology for public stay scenarios in space hotels and
lunar bases

- "Space ramen experiences" at space events on Earth

etc.

6. Future Development Plans

ASTRAX plans to continue developing space food
(including beverages) technology with a focus on how
to meet customer needs and improve customer

satisfaction, regardless of spacecraft or technical
constraints.
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*Expansion to other noodle types (udon, soba, pasta)
*Expansion to other space foods (including beverages)
 Establishment of long-term storage and mass
production technologies

*Establishment of food waste disposal technology and
recycling systems

*Potential application to disaster relief and medical food
on Earth

*Demonstration experiments using zero-gravity aircraft
and simulators

etc.

7. Conclusion

To date, space food development has focused on
providing optimal (or minimal) solutions within various
constraints. However, ASTRAX does not consider these
constraints within itself, but instead focuses on how to
overcome them. This is because space food
development offers endless possibilities for the era of
private space exploration.

In future private space travel and long-term stays, space
food will likely evolve in various directions, from
"nutritional intake for survival" to "food culture for
enjoyment” and "creating a space experience that
enhances the unique environment of space."

Furthermore, it will be important to develop diverse
space food that takes into account the diverse food
cultures and religious restrictions of each country.

At ASTRAX, we hope to promote the expansion of
human habitation into space through the development of

not only space ramen, but also various other space foods.

We believe that the technological developments and
results achieved through this endeavor will also
contribute to making life on Earth even richer and more
comfortable.
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Abstract

Currently, there are approximately 400 types of space food approved by NASA, Roscosmos, and JAXA. Since the
advent of the commercial space travel era in 2021, the number of civilians traveling to space has been increasing, and
with it, the variety of space food is expected to expand significantly. Among the challenges of space food
development, one of the most difficult to consume in a microgravity environment is noodle dishes with liquid-based
soup, such as ramen. The space ramen currently certified by JAXA consists of spherical noodles and thickened soup.
While the taste resembles traditional ramen, the texture and eating experience are entirely different from that on
Earth. To address this issue, ASTRAX has been developing various technologies to allow long-term space travelers
to enjoy familiar foods in a way that closely replicates their terrestrial experience. The development of space ramen
is a crucial part of this initiative. Such advancements are expected to play a significant role in the evolving era of
commercial space travel by reducing stress for travelers and enhancing their enjoyment of food.

This paper explores methods for consuming noodle dishes with soup in microgravity and discusses future
development plans.

Keywords: Ramen, space food, ASTRAX
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