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Bryophytes are attracting attention as a plant resource capable of surviving even in extreme
environments such as outer space. This is due to their high environmental tolerance, thanks to their
spores, which have been reported to exhibit high survival rates even under strong ultraviolet radiation,
extremely low temperatures, and even in vacuum environments. Because of these characteristics, they
are expected to be used as a food production resource in the future space environment. Until now,
moss has been considered for use as feed for other organisms for protein production. However, this
study aimed to evaluate the nutritional value of moss as a food resource that humans can directly
consume. The sample used was Physcomitrium patens, which has a proven track record in space
experiments. A 40 g sample, P. patens gametophores consisting of leaves and stems, obtained after
culturing for approximately 5 months was sent to the Nagoya branch of the Japan Food Research
Laboratories for analysis, and the moisture, protein, lipids, ash, carbohydrates, energy, sodium, and
salt equivalent per 100 g were measured. The analysis results showed a moisture content of 96.0
g/100 g, an energy content of 14 kcal/100 g, and a protein content of 0.5 g/100 g. It became clear that
P. patens has a very high moisture content and low nutrient density, making it difficult to use P.
patens gametophoresalone as space food at present. However, its potential for use in combination
with other foods in menus, or as feed for animals and insects, could indirectly contribute to protein
production. This study provides fundamental knowledge for examining the potential of mosses as
space food resources. Further developments in mass cultivation techniques, improvement of
nutritional value, and comparative analyses of different tissues and developmental stages are needed
to achieve a more comprehensive evaluation of mosses as future space food resources.
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INTRODUCTION

making it highly promising as a food-producing material in
space. Therefore, this study focuses on the nutritional analysis

Long-term stays in space require the use of a variety of food
sources. Humans need five major nutrients (carbohydrates,
proteins, lipids, vitamins, and minerals) to sustain life. Many
researchers involved in space agriculture have published
numerous reports on four of these major nutrients
(carbohydrates, lipids, vitamins, and minerals). However, there
are still few reports on protein. Currently, there is growing
interest in using plants cultivated in space agriculture as feed to
raise fish, insects, amoebas, bacteria, etc., and ultimately
utilize them as proteins. Moss, a plant resource with
remarkable vitality that allows it to survive in various
environments, boasts a high survival rate even under
ultraviolet light, extremely low temperatures, and vacuum
conditions thanks to its sporangium (Maeng et al. 2025),

of moss as a food source, considering its direct use by humans,
rather than as food for other organisms that utilize it to produce
proteins. Based on these results, we aimed to take the first step
towards considering the use of moss as space food in
combination with other foods.

MATERIALS AND METHODS

Cultivation of the Moss Physcomitrium patens: P. patens
was cultivated at the Kamachi Laboratory at the University of
Toyama, following the cultivation method described by
Takemura et al. (2017). The gametophores of P. patens were
cultured on a large scale. Sixteen plant culture containers (Bio
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Medical Science Inc., Tokyo, Japan) were used for cultivation.
8 mL of BCD liquid medium was added to each plant culture
container containing three cell strainers (Falcon®, 100 pm),
into each of which ten P. patens gametophores were
aseptically transferred. The culture medium was changed
every two weeks during the cultivation period, and the plants
were cultured for approximately 5 months under continuous
white light at 24°C with a photosynthetic photon flux density
(PPFD) of 30 umol m™ s'. After cultivation (Figure 1), the
harvested gametophores were collected and used as samples
for nutritional analysis.

Figure 1. Moss after S months of cultivation

Nutritional Analysis of P. patens Gametophores: 40 g of P.
patens gametophores cultured as described in the previous
section was sent to the Nagoya branch of the Japan Food
Analysis Center for analysis of moisture, protein, lipid, ash,
carbohydrate, energy, sodium contents, and salt equivalent.
Moisture content was analyzed by the vacuum heating and
drying method, protein content by the combustion method,
lipid content by the acid decomposition method, ash content by
the direct ashing method, and sodium content by atomic
absorption  spectrophotometry. The  nitrogen-to-protein
conversion factor was 6.25, carbohydrate content was
calculated using the formula: 100 - (moisture + protein + lipid
+ ash), energy content was calculated using the following
conversion factors: protein (4 cal/g), lipid(9 kcal/g) and
carbohydrate (4 kg/g), and salt equivalent was calculated using
the formula: sodium x 2.54.

RESULTS

The nutritional analysis results for P. patens gametophores are
shown in Table 1.

Table 1. Nutrient analysis results of Physcomitrium patens

Nutrient Unit Physcomitre
/100g lla patens

Water g/100g 96.0
Protein g/100g 0.5

Fat g/100g 0.2

Ash g/100g 0.7
Carbohydrates g/100g 2.6
Energy kcal/100g 14.0
Sodium mg/100g 8.4

Solt equivalent  g/100g 0.021

The water content was 96%, and therefore the nutrient content
per 100 g of P.patens immediately after harvest is low.

However, it was shown that the carbohydrate content is higher
than the protein and fat content. When comparing the energy
and protein content of P. patens with other plants, particularly
alfalfa and seaweed that can be grown hydroponically (see
Table 2), it was found that immediately after harvest, P. patens
gametophores contained less of both nutrients compared to
other plants.

Table 2. Comparison of nutrients (energy and protein content)
with other plants

Nutrient Unit Physcom Azolla  soybean Alfalfa Marine Marine
/100g  itrella sprout  sprout macro-aga macro-alga
patens Glycine  Medicago Porhyra sp. Ulva sp.
max sativa
Energy keal 14 29 155 50 23 22
Protein g 0.5 1.2 3.7 1.6 13 0.9

DISCUSSION

Bryophytes are considered to be among the earliest groups of
land plants to expand their habitat from aquatic to terrestrial
environments during plant evolution (Rubinstein et al., 2010).
Among them, P. patens forms a relatively simple plant body
with a stem, single-layered leaves, and rhizoids. Furthermore,
its genome sequence has been deciphered, and it is widely used
as a model organism for bryophytes (Rensing et al., 2008). In
this study, a nutritional value analysis was conducted on P.
patens gametophores, to evaluate its potential as a food
resource. The sample used was provided by the Kamachi
Laboratory at Toyama University, and the nutritional value
analysis was commissioned to the Japan Food Research
Laboratories. The results showed that immediately after
harvesting, P. patens gametophores contained 96% water,
resulting in a low nutrient content on a fresh-weight basis.
Therefore, drying the harvested gametophores for preservation
and using them in a manner similar to dried seaweeds such as
nori might be beneficial. We believe that P. patens can be used
as a primary biomass resource for the production of
microorganisms, insects, and fish, which could then be used as
food sources for humans in a closed food-production system.
However, further studies are required to determine how
efficiently nutrients derived from P. patens can be transferred
through such food chains and whether this approach can
meaningfully provide a source of the five major nutrients:
protein, lipids, carbohydrates, vitamins, and minerals. Since
efficient use of available resources is crucial for food
production in enclosed environments such as spacecraft and
space habitats, the wuse of P. patens may be a valuable
candidate for food production in space because some of its
tissues or developmental stages can survive even under harsh
conditions such as ultraviolet radiation, extremely low
temperatures, and vacuum. However, such survival does not
necessarily indicate active growth or biomass production under
these conditions. Further studies should therefore investigate
the optimal cultivation and preservation conditions for P.
patens, including temperature, humidity, nutrient composition,
light, freezing, drying, storage at room temperature, and
processing methods. In particular, the use of nutrient-rich
culture media, comparisons of nutritional value among
different tissues and developmental stages, and evaluation of
other bryophyte species may help identify suitable materials
and cultivation strategies for stable and efficient food
production in space.
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CONCLUSION

Considering its potential as a space food resource, the moss P.
patens 1is an attractive plant candidate because some of its
tissues or developmental stages can survive exposure to harsh
environmental conditions, including ultraviolet radiation,
extremely low temperatures, and vacuum. Nutritional analysis
revealed that fresh P. patens gametophores contain 96% water
and provide 14 kcal/100 g of energy. These results suggest that
drying the harvested gametophores before storage and use may
be advantageous. Furthermore, instead of using P. patens
directly as food, it may be more effective to utilize it as a
biomass resource for the production of other edible organisms,
thereby integrating it into a sustainable food production cycle.

REFERENCES

Maeng CH, Hiwatashi Y, Nakamura K, Matsuda O, Mita H,
Tomita-Yokatani K, Yokobori S, Yamagishi A, Kume A,
Fujita T (2025) Extreme environmental tolerance and space
survivability of the moss, Physcomitrium patens iScience:
28(12). 113827.https://doi.org/10.1016/j.isci.2025.113827

Ashton NW, Cove DJ (1977). The isolation and preliminary
characterization of auxotrophic and analogue resistant
mutants of the moss, Physcomitrella patens. Mol Gen
Genet MGG 154:87-95. https://doi.org/10.1007/
BF00265581

Katayama N, Yamashita M, Kishida Y, Liu CC, Watanabe I,
Wada H (2008) Azolla as a component of the space diet
during habitation on  Mars.  Acta Astronautica.
https://doi.org/10.1016/J. actaastro. 2008.01.023

Takemura K, Kamachi H, Kume A, Fujita T, Karahara I,
Hanba YT (2017) A hypergravity environment increases
chloroplast size, photosynthesis, and plant growth in the
moss Physcomitrella patens : J Plant Res 130: 181-192.
https://doi.org/ 10.1007/s10265-016-0879-z

Nishiyama T, Hiwatashi Y, Sakakibara K, Kato M, Hasebe M
(2000) Tagged mutagenesis and gene-trap in the moss,
Physcomitrella patens by shuttle mutagenesis. DNA Res
7:9—17. https://doiorg/10.1093/dnares/7.1.9

skeosk skok skokosk

Rensing SA, Lang D, Zimmer AD, Terry A, Salamov A,
Shapiro H, Nishiyama T, Perroud P-F, Lindquist EA,
Kamisugi Y, TanahashiT, Sakakibara K, Fujita T, Oishi K,
Shin-Ichi T, Kuroki Y, Toyoda A, Suzuki Y, Hashimoto S,
Yamaguchi K, Sugano S, Kohara Y, Fujiyama A, Anterola
A, Aoki S, Ashton N, Barbazuk WB, Barker E, Bennetzen
JL, Blankenship R, Cho SH, DutcherSK, Estelle M,
Fawcett JA, Gundlach H, Hanada K, Heyl A, Hicks KA,
Hughes J, Lohr M, Mayer K, Melkozernov A, Murata T,
Nelson DR, Pils B, Prigge M, Reiss B, Renner T,
Rombauts S, Rushton PJ, Sanderfoot A, Schween G, Shiu
S-H, Stueber K, Theodoulou FL, Tu H, Peer Y Van de,
Verrier PJ, Waters E, Wood A, Yang L, Cove D, Cuming
AC, Hasebe M, Lucas S, Mishler BD, Reski R, Grigoriev
IV., Quatrano RS, Boore JL (2008) The Physcomitrella
genome reveals evolutionary insights into the conquest of
land by plants. Science 319(5859):64-69.
htpps://doi.org/10.1126/science.1150646

Rubinstein CV, Gerrienne P, de la Puente GS, Astini RA,
Steemans P (2010) Early Middle Ordovician evidence for
land plantsin Argentina (eastern Gondwana). New Phytol

188:365-369. https://doi.org/10.1111/j.1469-8137.2010.0
3433.x

Japanese food standard composition 1ist2020 edition (8th
edition) analysis manual

February 2020 Ministry of Education, Culture, Sports,
Science and Technology Science and Technology Council
Resource Investigation Subcommittee Food Composition
Committee

Standard Tables of Food Composition in Japan Office for
Resources Policy Division, Science and Technology Policy
Bureau Ministry of Education, Culture, Sports, Science and
Technology (MEXT), Japan E-mail: kagseis@mext.go.jp
http://www.mext.go.jp/en/policy/scie
nce_technology/policy/title01/detail01374030.htm



